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LOI CAM DOAN

To6i xin cam doan luan &n nay la cong trinh nghién ctru cia riéng t6i, do ban
than toi thue hién. Cac sb lidu, két qua néu trong luan an la hoan toan trung thuc va
chua timg duoc ai cong bd trong bat ky cdng trinh nao khac.

T&c gia luan an

VU PUC MANH



LOI CAM ON

L1 dau tién, toi xin gtri 161 cam on chan thanh téi Ban Giam dc Hoc vién Ky
thuat Quan su, Phong Sau Pai hoc, Khoa Bong luc, B6 mon Pong co da cho phép toi
duoc thyuc hién luan an tai Hoc vién K¥ thuat Quan sy.

Tbi xin chan thanh cam on PGS.TS Nguyén Trung Kién va GS.TS Pao Trong
Théng da hudng dan toi hét stc chu ddo va tan tinh dé t6i c6 thé thuc hién va hoan
thanh luan 4n mot cach t6t nhét.

T6i xin bay to long biét on sau sac dén cac thay thuéc Bo mon Pong co, Khoa
bong luc, Hoc vién KTQS va cac chuyén gia linh vuc Co khi - Bong luc trong va
ngoai Hoc vién dd dong gop nhiéu y kién quy bau cho Nghién ctru sinh trong sudt
qua trinh thyc hién Luan an.

T6i cling xin chan thanh cam on can bg, gido vién, nhan vién Phong thi nghiém
Nhiét/Bo mon Nhiét Thuy Khi, Phong thi nghiém Dong luc/Khoa Pong luc da hd tro
vé trang thiét bi, nhan lyc, tao diéu kién dé t6i hoan thanh qua trinh nghién ctru thuc
nghiém.

Cubi cung t6i xin chan thanh cam on gia dinh, cac ban dong nghiép, ban bé va
nhirg ngudi d3 quan tim, dong vién, gitp dd toi trong sudt thdi gian nghién ctru va

thuc hién cong trinh khoa hoc nay.

Nghién ctru sinh

Vii bac Manh
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DANH MUC CAC KY HIEU VA CHU VIET TAT

1. Chir viét tit:

Viét tat Tiéng Anh Tiéng Viét

CFD Computational Fluid Dynamics | Tinh toan dong luc hoc luu chat

cC Combustion Chamber Buong dt

COM Compressor May nén

CPCA - Canh phun tuabin cao ap

CT Compressor-Turbine Tuabin lai may nén

DES Detached Eddy Simulation M phong xoay tach roi

DC Digital Camera Camera k¥ thuat sb

DCTBK - Dong co tuabin khi

DNS Direct Numerical Simulation | Phuwong phap mé phong truc tiép

EXP Experimental Két qua thir nghiém

FVM Finite Volume Method Phuong phap thé tich hitu han

FEM Finite Element Method Phuong phap phan ta hitu han

FDM Finite Differences Method Phuong phap sai phan hitu han

HC High-pressure Compressor May nén cao ap

HT High-pressure Turbine Tuabin cao ap

IR camera | Infra-Red Camera Camera hong ngoai - Camera nhiét

LC Low-pressure Compressor May nén thap ap

LES Large Eddy Simulation Phuong phap mo phong xoay I6n

LNS Limited Numerical Scales Thang mé phong gigi han

LT Low-pressure Turbine Tuabin thap 4p

MILES Monotonically Integrated | M6 phong xoay 16n tich hgp don
Large Eddy Simulation di¢u
Pseudo Direct Numerical R . »

PDNS ) ) Mo phong so gia truc tiep
Simulation

PT Power Turbine Tuabin chéan vit

RANS Reynolds-Averaged  Navier- | Giai h¢ phuong trinh Navier-Stokes
Stokes trung binh theo Reynolds

SGS Subgrid-Scale Model M® hinh quy md nho

TLC Thermo Liquid Crystal Chat chi thi mau

TN - Tht nghiém
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TOIRT The Temperature Oscillation | Phuong phap do hé s6 trao doi nhiét
Infra-Red Thermography theo nguyén 1y dao dong nhiét do
Unsteady Reynolds-Averaged | Giai hé phuong trinh Navier-Stokes
URANS Navier-Stokes trung binh theo Reynolds trong
truong hop khdng 6n dinh
VLES Very Large Eddy Simulation Phuong phap mé phong xoay rat 16n
2. Ky hiéu:
Ky hi¢u Pon vi Y nghia
a m?/s | Hé so khuéch tan nhiét
%0, a1 ] Héng b trong phuong trinh hé sd doan nhiét phu thuoc
vao nhiét do
Co, C1, C2, C3 - Cac hé so khong thir nguyén trong phuong phap TOIRT
Cp, Cv J/kg.K | Nhiét dung riéng dang ap, dang tich
D m Puaong kinh 16 phun
D mm | Puong kinh 16 phun & khu vuc miii canh
E W | Nang luong toan phan
Eu Tham so Euler
f Hz | Tan so bién thién
F m? Dién tich
Fo - Tham s Fourier
Ga kg/s | Luu lugng khéng khi
Ge kg/s | Luu lugng khéng khi lam mat
e % Ty 1€ khong khi lam mat
Qe g/kWh | Suat tiéu hao nhién liéu c6 ich
Gt ka/s Luu lugng nhién ligu
Ot Hé s6 luu lwong nhién liéu
Gy kg/s | Luu lugng khi chay
Gr Tham s6 Grashof
h W/m?K | Hé so trao doi nhiét
H m Khoang cach giita mang phan phoi va bé mat dich
HID ] Khoéng cach twong doi giira [nang phan phoi va bé mit
tam dich so vai duong kinh 16 phun
int - Cuong d6 sang cua diém anh
k - Hé s doan nhiét cua khong khi
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Ky hiéu Pon vi Y nghia
Kg - Hé s6 doan nhiét cua khi chay
Lx m Chiéu dai day cung chiéu Ién chiéu truc Ox
Nu - Chi s Nusselt
- ] Hé s6 du trix nhiét do - ty s gitra giéi han nhiét d6 1am
viéc cua vat liéu vai nhiét 6 cuc dai trén canh
p Pa | Ap suat dong khi
P S Do dai chu ky
Pe - Tham s6 Peclet
Pr - Tham s6 Prandtl
q W/m? | Thong luong nhiét
Qfmin kd/kg | Nhiét tri thap caa nhién liéu
Ty s6 gitra hé sb trao d6i nhiét doi luu cudng buc ¢ bé
r - mét ngoai cua tam so vaéi hé sb trao ddi nhiét & bé mat
bén trong cua tam
R - Hang s6 cua chat khi
r/D - Vi tri trong d6i so véi tam tia phun
Re - S6 Reynolds
Re; - S6 Reynolds cua dong khi ra khoi 16 phun
Recr - S6 Reynolds cua dong ngang
Rs m Bén kinh cong caa bé mit canh
S/ID - Budc 16 trong doi
T K Nhiét do
t S Thoi gian
Tave K Nhiét d6 trung binh cta canh tuabin
Te K Nhiét @6 khong khi lam mat
taelay S Thoi gian tré ciia dén halogen
Ts K Nhiét d6 tai dau dong khi
Ty K Nhiét d6 dong khi ndng & dau vao tuabin
Too K Hé so ty Ié trong ham :[uyén tinh nhiét 6 phu thudc vao
cuong do sang cua diém anh
T K Nhiét do du trir - @ chénh gitra nhiét do cuc dai trén
canh vaéi giagi han nhiét @6 lam viéc cua vat liéu
[Tw K Gidi han nhiét d6 lam viéc cua vat liéu
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Ky hiéu Pon vi Y nghia

Tw K Nhiét d6 thanh vach
u m/s | Van toc

VR Ty s6 van toc trung binh giira dong phun va dong ngang

X,Y,Z m Toa do theo ba truc 0x, Oy va 0z

z/D - Vi tri trong d6i so véi mit tim dich
8 m Do day cua tim kim loai
N - Hiéu suat
0 - Heé s6 lam mat
A W/mK | Hé sb dan nhiét
1l kg/ms | B6 nhat dong luc hoc
v m?/s | P nhét dong hoc
g - Do day tuong d6i caa tam kim loai
T - Ty s6 tang ap
p kg/m® | Khoi luong riéng
® rad | Do tré pha

@nullphase rad G6c pha hiéu chinh, dong bo thoi gian
Hé s6 trao ddi nhiét khong thir nguyén trong phuong
v " | phap TOIRT
3. Chi so:
Chi s6 Y nghia

“ave

Gia tri trung binh

Dong ngang (cross flow)

Gia tri trung binh theo chiéu cao ciia canh -Spanwise Averaged

Dong phun (jet flow)

Gia tri cuc dai

Gié tri cuc tiéu
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MO PAU

DPong co tuabin khi (PCTBK) 1 loai déng co c6 nhiéu wu diém vuot troi, trong
d6 phai ké dén cong suit 16n, kha ning khoi dong, dat tai nhanh trong khi khéi luong,
kich thuéc nhé gon nén ngay cang dwoc sir dung rong réi trén may bay, tau chién va
cac nha may cong nghiép. Bén canh cac vu diém d6, nhuoc diém 16n nhat caa phan
I6n DPCTBK 1a hiéu suat, tinh kinh té va tudi tho con thua kém dong co kiéu pit téng.
Tuy nhién trong qua trinh phat trién cac thé hé dong co, cdng suit, hiéu suit cua
DCTBK khéng ngung ting 1én, dd c6 mot s6 PCTBK c6 hiéu suat ¢ ché do dinh muc
dat t6i 40% [25].

Pé dat dugc két qua do, nhiét do trung binh cua dong khi ra khoi budng dot
Ty~ khdng ngimg duoc tiang 1én. Theo cong trinh [18] véi cung diéu kién nhiét do
khong khi dau vao, khi tang nhiét do T, cia PCTBK thém 55,5°C cong suat co ich
cua dong co ting 10%, hiéu suét cd ich tang 1,0+1,5%. Hién nay, di co dong co c6
nhiét d6 trung binh sau budng d6t dat téi 2000K [43] va twong lai con c6 thé dat cao
hon thé nira, nhiét do nay da 16n hon nhiéu so véi ngudng chiu dung cua cac loai vat
liéu chiu nhiét tién tién nhat (~1400K). Do d6, van dé 1am mét c4c canh tuabin nim
ngay sau budng dbt trg thanh chia khoda cho sy phat trién cia DPCTBK va 1a van dé
khong bao gio mat di tinh thoi sy.

Hién nay, PCTBK c6 mit tuong d6i phd bién trén cac tau Hai quan Viét Nam
va tau Canh sat bién,.... Mot trong nhitng wu tién hang dau trong viéc khai théc, sir
dung DCTBK la dam bao d6 bén, d6 tin cidy. PCTBK tau Hai quan dang c6 mit tai
Viét Nam 12 dong co thé hé thar ba, do Ucraina thiét ké va san xuét [132]. Canh phun
tuabin cao ap (CPCA) cua cac dong co nay dugc lam mét kiéu déi luu bang mang
phan phéi, day 1a phuong phap ¢ hidu qua cao néu nhu mang phan phéi duoc thiét
ké hop Y.

Theo cdng trinh [116], tong thoi gian 1am viéc & ché do dinh muc sau madi lan
dai tu cia DPCTBK tau thuy gii han & 100h (ddi véi dong co toan toc DR 77) hoic
200h (dong co hanh trinh DR76), mot phan nguyén nhan 1a tai ché d6 dinh muc canh
tuabin lam viéc trong moi truong nhiét dé cao, nhiét do trung binh cua dong khi sau
budng dbt 18n téi gan 1300K [113], nhiét d6 cuc bo cd thé 1én téi 1400K. Piéu nay
lam giam tinh co dong cua tau, dac biét khi tac chién trong thoi gian dai. Viéc ting
cudng lam mat s& 1am giam sy khic nghiét ma canh phai chiu dung, cé thé nai rong
giai han thoi gian nay.



Dé ting cudng lam mat cho tuabin va dic biét 1a canh tuabin thudng st dung
ba bién phép co ban, bao gém: ting cuong chit lwong dbi lwu & mat trong cua canh
vé6i dong khdng khi 1am mat, han ché dong nhiét tir dong khi ndng di vao bé mit ngoai
canh, giam nhiét @¢6 dong khdng khi lam mat. Tuy thudc vao kich thudc canh tuabin,
nhiét d6 dong khi néng, loai dong co ma sir dung riéng 1é hoic két hop cac bién phap
nay. Bién phap thir nhit da phan doi hoi cdng nghé gia céng phuc tap trong khdng
gian nho hep, bién phap tht hai hiéu qua 1dam mét cao nhit nhung hé s6 1am mét
khong dong déu va c6 anh huang 16n téi dong khi nong chay trong kénh luu théng
cua tang tuabin, 1am giam hiéu suat tang tuabin, thuong &p dung cho canh c6 kich
thudc 16n, bién phap 3 doi hoi khdng gian bé tri 16n va ton that duong dan khi cao.

Phuong 4n “mang phan phdi” nam trong bién phap tha nhat, hiéu qua lam mat
cao, khong anh huong téi dong chay qua mang canh, déng thoi viéc gia céng, hoan
cai 1a khong qué khé khin. Phuwong an nay duoc goi trong tiéng Anh 1a “Impinging/
Impingement jet” tam dich 14 tia phun truc tiép, trong tiéng Nga 1a “Jledmexrop”-
mang hudng dong. V& ban chat, khi nhin vao cau tao canh sir dung phuong 4n nay s&
thiy c¢6 1 mang chian duogc dit bén trong canh, khong khi 1am mét sé& di qua cac 16
phun phan bd trén mang chan nay dé téi cac vi tri can tang cuong lam mat, do vay
trong khudn kho luan &n théng nhat sir dung thuat ngir “mang phéan phdi” dé goi tén
phuong an nay.

Phuong an mang phan phdi phii hop véi yéu cau caa DPCTBK tau thuy, d6 1a
két cau don gian, tudi tho, do bén, do tin ciy cao va nhat 1a ddi véi cac canh cé kich
thudc nho nhu trén dong co hanh trinh DR76. Nghién ctru vé 1am mat tuabin thyc
chat 12 nghién ctru vé dong chay va qua trinh trao doi nhiét trong tuabin, day luén 1a
bai toan kho, chura c6 md hinh hoan thién cho tat ca cac dang canh va luén mang tinh
thoi su.

Van d& lam mat 12 mot trong nhimg hudéng nghién ciu quan trong khdng
nhitng ddi véi nha san xuat, thiét ké trén thé giéi ma ca véi nhimg don vi khai thac,
van hanh tai Viét Nam nén NCS lya chon dé tai “Nghién cieu ting cwong 1am mat
cho canh phun cao ap cia déng co tuabin khi tau thiy”. Véi dé tai nay, NCS mong
mudn c6 dong goép nhat dinh trong bai toan trao d6i nhiét va lam mét canh tuabin cua
PCTBK tau thuy, 1a dbi twong dang dugc st dung rong réi trong Hai quan Viét Nam.



i. Muc dich, d6i twong va pham vi nghién ciru ctia Luan an

* Muc dich nghién ciu

Nghién ctru tang cuong lam mat canh phun tuabin cao ap (CPCA) cua PCTBK
tau thary theo phuong an bé tri thém cac 16 phun trén mang phan phéi dé phun khéng
khi 1am mat vao khu vuc cé nhiét do cao nhat véi diéu kién luu lwgng khdng khi 1am
mat khong dbi. Dé giai quyét bai toan nay, luan an sir dung két hop mé hinh trao doi
nhiét trén nguy&n mau canh véi md hinh vat 1y déng dang.

* Poi twgng va pham vi nghién ciru

Déi twong nghién ctru 1a CPCA ciia dong co DR76. Pong co DR76 la DPCTBK
thé hé thar 3 ciia hang Zorya-Mashproekt (Ukraina) [132], thugc ho UGT 3000 c6 dai
cong suat dinh mic tir 2940 kW (DR76) dén 3360 kW (DE76)[112]. Pong co DR76
dong vai tro 1a dong co hanh trinh trén tau Hai quan Viét Nam, c6 sé luong 16n nhat.

CPCA dong co DR76 nam ngay sau budng dét, Ia chi tiét chiu nhiét do 16n
nhat, 1am viéc trong dong khi ndng co nhiét do trung binh téi 1300K. CPCA nay duoc
lam mét kiéu d6i luu, d3 c6 mang phan phdi, tuy nhién cac 16 mang phan phdi méi
chi tap trung 1am mét ¢ khu vuc miii canh (Chi tiét trén Hinh 1.2). Khéng khi lam
mat duoc lay tir ludng thir cap cta budng ddt di qua 15 tiét luu phia trén cua canh
phun va di vao bén trong mang phan phdi. Céc 15 phan phdi khi s& dua dong khi 1am
mat di qua phan miii canh, chay qua khe giita mang phan phéi véi bung (hoic lung)
trudc khi thoat ra qua cac khe phia dudi canh.

Pham vi nghién ctu cua luan an 1a cac ché do on dinh, trong d6 tap trung
nghién ciu & ché do dinh muc cua dong co. Bé dé xuat phuong an ting cuong lam
mét cho CPCA, trong luan an NCS tap trung nghién ctru dic trung trao doi nhiét &
khu vuc lung canh khi c¢6 twong tac gitra dong phun ra tir mang phan phdi va dong
ngang tir dau canh chay téi. Qua trinh nay duoc xem xét ca trén mo hinh dong dang
va mo hinh canh thuec.

ii. Phwong phap nghién ciru

Phurong phap nghién ctru cua luan an 1a két hop giira nghién ctu Iy thuyét va
nghién ciru thuc nghiém. Nghién ciu ly thuyét duoc thuc hién trén co s& xay dung
mo hinh trao d6i nhiét cho CPCA ciia dong co DR76 bang ANSYS-CFX dé mo
phong, tinh toan phan bd nhiét do, hé sb trao doi nhiét trén ddi twong nghién ciu
nham xac dinh vi tri can ting cuong lam mat, déng thoi tinh toan cho céanh cai tién
nham danh gia hiéu qua ting cuong lam mat. Cac két qua tinh toan md phong duoc
kiém chiing thdng qua cac s6 liéu thuc nghiém cho canh Mark 11, 14 canh phun tiéu



chuan do NASA c6ng bé, duoc nhiéu cong trinh khoa hoc [23], [65], [98], [106] lay
lam can ctr dé tham chiéu.

Viéc thuc nghiém dugc thuc hién bang phuong phap dao déng nhiét do (The
Temperature Oscillation Infra-Red Thermography - TOIRT) nham xéac dinh phan bé
hé s6 trao d6i nhiét trén bé mit tim dich trong mé hinh dong dang véi kénh dan khong
khi phia trong lung canh. Cac két qua ciia mé hinh dong dang duoc sir dung dé dé
Xuit phuong 4n cai tién mang phan phdi.

iii. Pong gop mai cia luan an

Luan 4n da xay dung thanh cong md hinh md phong trao doi nhiét trén nguyén
mau CPCA ctiia PCTBK tau thiy DR76 va phuwong phap thuc nghiém dao dong nhiét
d6 dé tinh toan hé sd trao d6i nhiét trén md hinh mang phan phéi nhiéu 15 c6 xét téi
ca dong ngang, 1am co s& cho viéc dé xuét giai phap ting cudng lam mat CPCA trén
dong co bang cach b tri thém céc 16 phun trén mang phan phdi véi théng sé hinh
hoc duoc lya chon phu hop.

Luan an d3 dé xuat mot cach tiép can méi cho bai toan nghién ciu trao doi
nhiét trén CPCA dong co tuabin khi khi sir dung két hop ca mé hinh nguyén mau
canh va md hinh vat ly déng dang.

iv. Y nghia khoa hoc va thuc tién

* Y nghia khoa hoc

Luén 4n da dé xuat va thyuc hién thanh cong mot cach tiép can mai cho bai toan
nghién ctru trao d6i nhiét trén CPCA ddng co tuabin khi sir dung két hop mé hinh
nguyén mau canh va mo hinh vat Iy dong dang cho phép nhan duoc két qua tin cay,
khic phuc dugc khé khin khi khong thé tién hanh thuc nghiém trén dong co tuabin
khi thue, nhat 1a trong diéu kién cua cac truong dai hoc.

Luén an dd cung cap btrc tranh twong ddi toan dién vé dic tinh trao ddi nhiét
tai bé mat trong cua lung canh trén mé hinh vat Iy dong dang, trong d6 dé cap toi hau
hét cac thong sé anh hudng t6i hé s trao ddi nhiét nhu khoang céch twong dbi giita
mang phan phéi va bé mat duoc 1am mét H/D, budc 16 twong dbi S/D, sé Reynolds
cua dong phun Rej va ty s6 van téc dong phun/dong ngang VR.

* Y nghia thyc tién

Tang cudng 1am mét canh phun cao &p bang céch cai tién mang phan phéi sé
nang cao do tin cay, giam thiéu nguy co xay ra sy ¢6 qua nhiét, giup ting kha nang
san sang chién dau cho tau chién, phi hop vai diéu kién khai thac va diéu kién cong
nghé tai Viét Nam.



Luén &n c6 thé st dung lam tai liéu tham khao phuc vu cho qua trinh dao tao
dai hoc, sau dai hoc nganh Co khi dong luc.

v. Bo cuc ciia Luin 4n

Lu4n an dugc thuc hién voi 139 trang thuyét minh khé A4 va 4 phu luc, bao
gdm nhirng ndi dung chinh sau.

Chuong 1: TONG QUAN VE VAN BE NGHIEN CUU. Chuong nay trinh
bay dic diém cua DCTBK tau thuy va su can thiét phai tién hanh nghién ctu ting
cuong lam mat cho CPCA BCTBK tau thuy. Chuong 1 cling phan tich cac bién phap
tang cuong lam mat cho cénh tuabin, trong d6 phuong 4n mang phan phdi c6 nhiéu
uu diém vuot troi, phii hop véi CPCA. Cac phuong phap nghién ciru (thir nghiém,
md phong) va cac cong trinh nghién cau ting cudng lam mét bang mang phan phdi
trén nguy@n mau canh va mé hinh vat Iy dong dang. Tir céc phan tich d6 dat ra vén
dé nghién ciu cho luan an.

Chwong 2: CO SO LY THUYET TRONG BAI TOAN TRAO POl
NHIET CHO CANH PHUN TUABIN. Chuong nay trinh bay co s& ly thuyét cua
mo hinh trao ddi nhiét lién hop gitra dong khi va canh phun tuabin bang phuong phap
CFD va co sd ly thuyét tinh toan diéu kién bién cia mé hinh nay. Chuong 2 ciing
cung cép cac co sé khoa hoc cho viéc xay dung mé hinh vat Iy déng dang véi cac
khu vuc cta canh phun tuabin.

Chuwong 3: XAY DUNG MO HINH TRAO POI NHIET CHO CANH PHUN
TUABIN CAO AP BONG CO DR76. Chuong 3 tap trung xay dung 2 mé hinh trao
d6i nhiét co do tin cay cao: md hinh nguyén mau canh va mé hinh vat Iy dong dang.
M hinh nguyén mau duoc xay dung nham dua ra phan b nhiét do va tng suat nhiét,
tir d6 tim ra khu vyc can tiang cuong lam mat va kiém tra danh gia hiéu qua tang
cudng lam mat cho cac phuong 4n canh cai tién. M hinh vat Iy dong dang thay thé
cho kénh dan khong khi phia trong lung canh, duoc xay dung bing ca thuc nghiém
va md phong nham xac dinh hé sb trao doi nhiét gita bé mat trong lung canh véi
dong khong khi khi c6 tuong tac gitra dong phun va dong ngang, tir 46 dua ra phuong
an mang phan phdi mai c6 hé sé trao doi nhiét cao nhit.

Chwong 4: GIAl PHAP TANG CUONG LAM MAT CANH PHUN
TUABIN CAO AP PONG CO DR76. Chuong nay trinh bay céc két qua chinh
thu duoc tir hai mo hinh da x4y dung trong Chuong 3: phan bd nhiét do va ting suat
nhiét & cac ché do nham tim ra cé&c vj tri trén canh can ting cuong 1am mat; nghién
ctru anh hudng cua cac thdng sé hinh hoc (budc 16 twong dbi S/D, khoang céch tuong



d6i H/D) va thong sé khi dong (cua dong phun Re;j va dong ngang VR) ti hé sb trao
d6i nhiét nham dua ra cac khuyén céo vé mang phan phdi véi tiéu chi 1a thu duoc hé
s6 trao d6i nhiét cao nhat; ung dung cac khuyén cdo trén dé lua chon két cdu mang
phan phdi méi cho CPCA dong co DR76 va danh gia hiéu qua ting cuong lam mat
Cua phuong an mai.

Phan két luan va hudng phat trién cta luan 4n trinh bay nhitng két qua nghién
curu dat duogc, nhirng dong gdp mai cua luan an trong linh vuc chuyén nganh va huéng

nghién ctru tiép theo.



CHUONG 1. TONG QUAN VE VAN PE NGHIEN CUU

1.1. Pic diém cia dong co tuabin khi tau thily va sw cin thiét ting cwong lam
mat canh phun tuabin cao ap

1.1.1. Mét s6 diic diém ciia dong co tuabin khi tau thiiy

DPong co tuabin khi tau thay cé thé dugc hoan cai tir dong co hang khong hoic
duogc thiét ké chuyén biét, n6 mang day du wu, nhuoc diém dic trung cia PCTBK
noi chung. S luong, chung loai DPCTBK tau thay trén thé gii hién nay la khdng
nhiéu, cong nghé san xuat PCTBK tau thuy van la céng nghé khd, chi mot s6 hang
trén thé gidi san xuat thanh cong va dap img duoc cac yéu cau dé lap Ién tau, trong
d6 phai ké dén cac dong co cua cac hang nhu: GE Marine (M¥), Kawasaki Heavy
Industries (Nhat), MAN Turbo AG (Puc), Mitsubishi Heavy Industries (Nhat), MTU
Friedrichshafen GmbH (Buc), Pratt & Whitney (Canada), Rolls-Royce (Anh), Saturn
(Nga), Solar Turbine (M¥), Vericor (My - btrc), Zorya-Mashproekt (Ucraina) [131].

DCTBK tau thay 1am viéc trong diéu kién moi truong c6 nhiét do cao hon so
Véi dong co may bay, dac biét [a ¢ cac nudc nhiét d6i nhu Viét Nam. Bén canh d6
khong khi & méi truong bién chira nhiéu mudi va tap chat nén dé bam vao phan luu
thong va bé mat canh may nén, tuabin, can tay ria dinh ky. PCTBK nam trong
khoang may kin, diéu kién thao d&, thay thé cac cum chi tiét kho khan trong khong
gian nho hep, do vay két cau ciia né phai don gian va c6 do tin cay, o bén cao. Mic
di chi phi bao dudng dinh ky PCTBK trén tau it ton kém, tuy nhién chi phi dai tu lai
I6n hon nhiéu so véi dong co diesel cling cong suat, dic biét phan néng cua dong co
(budng ddt va tuabin) d c6 thé 1én toi hang trieu USD. Theo cdng trinh [131], trong
qua trinh hoat dong d6 tin cay va tudi tho cia PCTBK phu thudc chu yéu vao cénh
tuabin (hodc may nén) va 6 truc, do ching lam viéc trong diéu kién hét sic khic
nghiét (nhiét do cao, tai co hoc 1on).

Tai Viét Nam dd c6 mot sé tau Hai quan trang bi hé dong luc c6 st dung
DCTBK nhu dong co DR76/DS76 (UGT 3000R), DR77/DS77 (UGT 6000+), dong
co D090 (UGT 15000) [112], [113] do nha may Zorya-Mashproekt (Ukraina) thiét
ké va ché tao [132]. Cac dong co nay 1a dong co 3 truc, may nén thap ap va may nén
cao ap dang doc truc, budng dét dang vanh dng, tuabin gdm tuabin cao &p 1 tang,
tuabin thap ap 1 ting va tuabin chan vit 3 ting c6 dao chiéu [114] (Hinh 1.1).
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Trong sb cac dong co trén, dong co DR76 c6 sb luogng 16n nhat, sé gio van
hanh thuc té 16n nhat do nd déng vai tro 1a dong co hanh trinh cua tau. Pong co DR76
thuoc ho UGT 3000, ho dong co nay cé dai céng suat dinh muc tir 2940 KW (DR76)
dén 3360 kW (DE 76) [112], [114]. Hién nay, c6 cac DCTBK clng dai cdng suat voi
dong co DR76 1a M75RU (Saturn — Nga), LM500 (GE — My) [129].

Pong vai tro 1a dong co hanh trinh nén ché d6 hoat dong cua dong co DR76
hét strc da dang, tiéu biéu 1a ché do khong tai, ché d6 50%, 62,5%, 80%, 100% va
dao chiéu [115], [116]. O day ché do dugc hiéu la vi tri tay ga diéu khién nhién lidu
trén ban diéu khién.

1.1.2. Sw can thiét tang cwong lam mdt canh phun tuabin cao ap dgng co DR76

DPong co DR76 1a dong co thé hé thir ba véi nhiét d6 trung binh sau budng dét
1én t6i gan 1300K, khi d6 nhiét do cuc bo o thé 1én tgi 1400K [115], nhiét 6 nay da
I6n hon nhiét d6 1am viéc cua vat liéu ché tao canh tuabin nén canh phun va canh
cong tac tuabin can thiét duoc lam mat. CPCA (Hinh 1.2) 1a chi tiét cé dinh, khdng
chiu lyc ly tAm nhung n6 nam ngay sau budng dét (chi tiét 6 trén Hinh 1.1) truc tiép
lam viéc trong méi trudng dong khi c6 nhiét do rat cao. CPCA cling véi budng dbt 1a
nhitng chi tiét c6 nhiét d6 cao nhat trong DPCTBK, do vay nd can duoc wu tién 1am
mat. Dong thoi, CPCA 14 chi tiét tinh, viéc can thiép vao két ciu cua nd d& hon cac
chi tiét rotor nhu canh cong tac, dia quay,... Do d6 thay ddi két cdu caa CPCA dé
tang cuong lam mat la lra chon c6 tinh kha thi.

CPCA cuia dong co DR76 duoc lam mat kiéu d6i luru bang phan phéi (chi tiét
4 - Hinh 1.2), tuy nhién céc 16 mang phan phbi méi chi tap trung lam mét & khu vuc
mili canh (vi tri 6 - Hinh 1.2). Khong khi lam mat duoc ldy tir ludng thir cp cua
budng dbt di qua 16 phia trén ciia canh phun va di vao bén trong mang phan phdi khi.
Céc 15 phan phdi khi s& thoi dong khi 1am mat téi phan miii canh (vi tri 5 - Hinh 1.2),
chay qua khe gitra mang phan phéi véi bung (hodc lung) trude khi thai qua cac khe
phia dudi canh (Hinh 1.2) [114].

Theo tai liéu [132] dong co DR76 c6 tén goi ban dau 1a M75 (ndm 1976+1980)
Vv6i cong suit thiét ké 3675 kW, nhiét d6 trung binh sau budng d6t 1a 1393K, tuy
nhién khi lap 1én tau dé kéo dai tudi tho, nhiét d6 sau budng ddt bi giam ti hon 100K,
cOng suat giam téi 25%. Tuy da giam cong suat so véi thiét ké ban dau nhung tong
s6 gio hoat dong cua dong co DR76 & ché do dinh mirc giita hai lan dai tu khong
dugc phép vuot qua 200 gid [116]. Qua trinh khai thac hién nay chu yéu khai thac ¢



ché do tai thap (20%+62,5% tay ga). Trong diéu kién sin sang chién dau hién nay voi
tan suat hoat dong bao vé chii quyén bién dao ngay cang ting, dy s& la han ché khéng
nho caa hé dong lec. Tang thoi gian hoat dong & cac ché do tai cao nhung van dam
bao tudi tho, d bén cua tuabin va DCTBK la nhu cau cip thiét.

J j NZ 1)
e %
Hinh 1.2. M3t cat tang tuabin cao &p
1 — Canh phun; 2 — Canh cong tac; 3 — Mat cit than canh phun; 4 — Mang phan
phdi; 5 — Mat cit canh cong tac; 6 — LS phun trén mang phan phdi phia mili canh
Bén canh d6, bat ky PCTBK nao (DCTBK danh cho may bay, tau thay, nha
may nhiét dién) cling khong tranh khoi nguy co qua nhiét cuc bd va chay canh tuabin,
nhat 1a CPCA. Theo cdng trinh [59] qua nhiét va chay canh tuabin 1a nguyén nhan
I6n thir ba, chiém 6,87% tong sb cac sy ¢b ciia DPCTBK.
Canh phun tuabin cao &p c6 thé bi chay cuc bo (Hinh 1.3), hoic toan b vai

canh lién ké (Hinh 1.4). Khi CPCA bi chay s& gay ra nhitng hong hoc nghiém trong
c4c tang tuabin phia sau va cac cum khac cua ca dong co. Theo bao cio ctia Uy ban

&\\\Q
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An toan Giao thong Australia [15], dong co Honeywell LF507 (d6ng co s6 2 cia may
bay RJ70) gip su ¢ ngay 19/10/2009 do qué nhiét cuc bo va chay nghiém trong
CPCA (Hinh 1.4), sau d6 pha huy cac tang tuabin phia sau (Hinh 1.5) dan dén dong
co dirng hoat dong hoan toan.

Hinh 1.4. CPCA dong co Honeywell Hinh 1.5. Tuabin dong co Honeywell
LF507 bi chay o vi tri 6 gio [15] LF507 bi pha hay do chdy CPCA [15]
Chinh vi cac 1y do d6 thay rang CPCA ciia PCTBK néi chung, dong co DR76
ndi riéng (chi tiét 12 - Hinh 1.1) can thiét duoc ting cudng lam mat. Viéc ting cuong
lam mét s& 1am giam sy khic nghiét vé nhiét ma canh phun phai chiu, 1a diéu kién
can dé c6 thé nang cao sd gio hoat dong cia dong co & cac ché do tai cao, ddng thoi
giam thiéu nguy co chay canh va hong héc tuabin.

1.2. C4c bién phap ting cwong lam mat cho canh tuabin va hiu @ng ting cwong
hé s6 trao doi nhi¢t bang mang phan phdi
1.2.1. Cdc théng sé ddnh gid hi¢u qud lam mdt cdnh tuabin
Hé sb 1am maét 6 1a thong sé co ban nhat duoc sir dung dé danh gia hiéu qua
lam mat va dugc tinh theo phuong trinh (1.1):
_ Tg _Tave
T -T

g c

0

(1.1)
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trong d6 : Tg~ — nhiét do cua dong khi ndng chay qua canh [K]; Tave — nhiét do trung
binh caa canh [K]; Tc — nhiét do cua khéng khi lam mat [K].

Hé s6 6 phu thudc vao bién phap va luu lugng khong khi 1am méat. Trong viéc
lam mét canh tuabin, ngoai yéu cau vé hé s6 6 cao con doi héi su 6n dinh va tin cay
trong sudt qua trinh 1am viéc, mirc do ddng déu cao trén bé mat canh nham giam ¢ng
suit nhiét va qua nhiét cuc bo, doi hoi luu luong khéng khi 1am mat nho, duong dan
khéng khi lam mat co strc can nho.

Ngoai hé s6 6, mot trong nhitng thong sb trung gian thudng dugc sir dung dé
danh gia hiéu qua 1am mat ciing nhu hiéu qua trao d6i nhiét d6 1a hé sé trao d6i nhiét
h [W/(m?K)] giita dong khi va bé mat canh hozc thong sé khong tha nguyén Nusselt
(viét tat 1a Nu), chang lién hé véi nhau boi phuong trinh:
hL

) 7 5 / ~
trong do: L — kich thudc dac trung cia mo hinh trao doi nhiét [m]; 2 — hé so dan nhiét
cua chat khi [W/(mK)]. Theo tai liéu [108], Nu phu thudc rat 16n vao dic trung roi
cua dong khi chuyén dong sat bé mat thanh véach, né duoc thé hién théng qua sb
Reynolds:

Nu (1.2)

_uL
, v
trong do: u — van toc caa dong khi [m/s]; L — kich thudce dac trung [m]; v — d6 nhét
dong hoc cua chat khi [m?/s].

Re (1.3)

1.2.2. So lwgc vé cdc bign phdp ting cwong lam mdt canh tuabin

Nhu di trinh bay & phan mo dau, c6 cac bién phép dé ting cuong 1am mat,
giam nhiét do trén canh tuabin [47], [122]:

- Tang luong nhiét toa ra tir bé mit bén trong cua canh di vao dong khong khi
lam mat (Tang cudng chat lwong trao ddi nhiét ddi luu - Internal Cooling):

- Han ché dong nhiét tir dong khi néng di vao bé mat ngoai cua canh (External
Cooling);

- Giam nhiét do dong khéng khi lam mat Te.

Céc phuong an cu thé duoc trinh bay trong muc 1.2.2.1+1.2.2.3 va 1.2.3.
1.2.2.1. Bién phdp tang lirong nhiét téa ra tir bé mdt bén trong ciia cdnh

Bién phap nay thyc chat 1a ting cuong chat lugng trao doi nhiét dbi luu gitra
bé mat bén trong cua canh (duong dan khdng khi bén trong canh) véi dong khong khi
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lam mét bing cach ting hé sb trao d6i nhiét h hoic ting dién tich trao d6i nhiét. Cac
nghién ctru trén thé giGi da chi ra cac nhdm phuong an chinh sau dé ting chat luong
trao ddi nhiét ddi luu [124]:

- Tang d6 rdi cua 16p bién bang cach thay déi tinh chat cua bé mit kim loai,
bao gébm: hé théng gan ngang dong, ranh dong dién tao 16¢ xody, hiéu ttng voi rong
bang céc 18m cau;

- Tang d rdi va dién tich trao d6i nhiét cua toan dong & khe hep véi hé théng
ma tran cot;

- Thay dbi dot ngot huéng dong khi bang cach d6i hudng dong trong khe hep
hoac bang tim phang;

- Tang dong ning réi bang cach thoi dong khdng khi 1am mat tir mang phan
phdi (duoc trinh bay cu thé trong muc 1.2.3).

Lép bién c6 thé ton tai & dang chay ting hoac chay rdi, nhung du 1a chay réi thi
I6p gan thanh véach nhat (I6p tuyén tinh phu) van ludn ton tai & dang chay tang. Khi 16p
chay tang cang day hiéu qua trao d6i nhiét cang thap, do vay nhém phuong an thir nhat
- bao gom gan ngang dong (Hinh 1.6), ranh dong dién (Hinh 1.7), 16m cau -c6 nhiém
vu pha v& dang chay tang caa I6p bién, chuyén sang dang chay rdi va ting cuong do
réi, giam thiéu chiéu day Iop tuyén tinh phy.

p
Dong khi
\ AN
f 08
— e
S8 %
~ SN S
“
SN

* |- —— p— |
¢

[
} Bude { Thanh vach

Hinh 1.6. M hinh dong chay réi quacac  Hinh 1.7. Ranh dong dién tao xoay
gan ngang dong [47] l6¢ [8]
Phuong 4n gan ngang dong c6 thé ting hé so trao ddi nhiét h 1én 2,7 lan doi
V6i gan thudng, 13 lan ddi véi dang gan cai tién [47], [139]. Ranh dong dién dugc ap
dung cho céanh thé hé 4 va 5, ¢6 thé tang h 1én 2+4 lan, hé sé 1am mét 6 ting tir 1,25
t6i 1,5 1an & dinh canh, t6i 1,6 1an & chan canh, cd thé giam nhiét do trén bé mat canh
t6i 90+100K, giam luu luong khong khi lam mat di 1,3 1an [124]. Phuong an 16m cau



14

duoc wng dung dé ting cuong hiéu qua trao doi nhiét bién dang canh, chan cénh kéo
dai va vanh dai canh cong tac tuabin cao ap va thap ap, c6 thé lam ting tudi tho canh
1én t6i 3,4 1an [124].

Nhuoc diém Ié6n nhit caa cac phuong &n nay doi hoi cdng nghé gia cong twong
d6i phuc tap, can gia cdng chinh xéac cac gan, ranh, 16m cau kich thuéc nhé trong
khéng gian nho hep (mat bén trong ctia canh tuabin), dac biét trong nhirng canh tuabin
cao ap cua dong co cong suat nho. Pdng thai sirc can trén duong luu thong cua dong
khong khi 1am mat ciing tang 1én dang ké.

Kénh dan kiéu ma tran cot duoc sir dung trong cac khe hep (Hinh 1.8,a) nham
tao ra lc xody xung quanh céc cot, ngoai ra dién tich trao doi nhiét ciing tang 1én kha
nhiéu. Phuong 4n nay thudong duoc str dung cho khu vuc dudi canh tuabin (Hinh
1.8,b), N6 ¢6 kha ning ting cuong trao ddi nhiét 18n téi 2+4 1an so véi bé miat phang.

» -

L ¢
& < —
w ﬁ o

<
a

Hinh 1.8. Lam mat kicu ma tran cot
a - M6 hinh kénh dan kiéu ma tran cot [119];
b-canh phun E3 sir dung ma tran cot ¢ dudi canh [106]

I
I
|
I
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R
a’ I \ 9 b’
Hinh 1.9. Tang cuong trao doi nhiét bang bién phap doi huéng dong dot ngot
a — d6i hudng dong qua khe hep [124], b — dbi huéng dong qua tim phang [47]



15

Viéc dbi huéng dot ngot dong qua khe hep thuong duoc tng dung & miii canh
(Hinh 1.9, a) con bang tdm phing dwoc tng dung ¢ khu vy dinh, chan caa bung hoic
lung canh (Hinh 1.9, b). Viéc ddi huéng dot ngot tao ra luc quén tinh ly tam, tir do
xuit hién dong xo4y, ting do rdi cua 16p bién. Do d6, chiéu day 16p bién va 16p tuyén
tinh phu cua Iop bién giam di, hé sé trao d6i nhiét h ting 1én dang ké.

So vé6i phuong 4n mang phan phéi khi cung luu lwong khéng khi 1am mét,
phuong &n ddi huéng dong qua khe hep khong hiéu qua bang nhung khi sir dung tim
phang dem lai hé s6 trao doi nhiét cao hon 1,25+1,27 1an [124]. Tuy nhién c4c phuong
an nay thuong ap dung ¢ khu vuc miii canh hoac ¢ khu vuc dinh va chan canh. Phuong
an str dung mang phan phdi duoc trinh bay cu thé trong myc 1.2.3.

1.2.2.2. Bién phdp han ché dong nhiét tir dong khi néng t&i bé mdt ngodi ciia canh

Dé han ché dong nhiét tir dong khi néng di vao bé mat bén ngoai cua canh co
cac phuong an co ban 12 phu 16p vat liéu cach nhiét (phu gébm bé mat) hoic tao mang
khong khi bén ngoai bé mit canh (1am mat kiéu mang — film cooling), trong tuong
lai 12 cong nghé 1am mét kiéu thim xdp (xuyén thau- transpiration cooling). Trong
noi dung nay khong dé cap dén cong nghé phu gbm bé mat.

Lam mat kiéu mang 13 phuong an tao ra mot mang khdng khi mong chay boc
trén bé mat canh nhiam giam dong nhiét di vao canh (doan 1 va 2 - Hinh 1.10), tir 6
giam gradient nhiét, tng suat nhiét trén canh. Do c6 hién twong hoa tron Iop khdng
khi v&i dong chinh nén nhiét do cua l6p mang ting dan va dén doan 3 gan bang nhiét
d6 dong khi ndng, hé sé 1am méat caa 16p mang bao vé bién thién theo vi tri va ¢ xu
huéng giam dan, can b tri mot s6 hang 15 thdi khéng khi 1am mét tir bén trong canh.
Nham dan déu I6p khong khi trén bé mit canh mot s két cau canh méi duge dé xuat nhu
16 hinh ré quat [20], [21], [66], 16 nekomimi, cap 16 [60], 16 c6 khoét miéng [32], [111].

7 AL

Khong khi lam mat
Hinh 1.10. Phan b nhiét do caa Hinh 1.11. Canh dung céng nghé lam mat
dong khi sat bé mit cua phuong xuyén thau qua mang xdp [137]
phap lam mat kiéu mang [130] 1 — mang xdp; 2 — khung cénh
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Lam mat kiéu xuyén thau 1a phuong an lam mét hién dai, hiéu qua cao hon
nhiéu so véi cac phuong an kiéu dbi lwu va dbi luu — mang. Dé dat cung hé s6 1am
mét, phuong 4n xuyén thu chi can luu lwong khéng khi bang 50% so véi dang mang
[137]. Phuong 4n nay khic phuc dugce nhuoc diém khong dong déu vé mang khong
khi trén bé mit canh cua phuwong an lam mat kiéu mang, do dé toan b canh déu duoc
bao Vé.

Dé tao ra duoc hiéu (ng xuyén thau can c6 nhirng phwong 4n céng nghé nhu
transply, lamiloy hozc vat liéu x6p (poroform) [43]. Hién nay, vat liéu x6p duogc ting
dung nhiéu hon ca Vi tao ra d6 dong déu tot nhat, két cau ciia canh don gian hon. Pé
tao ra vat liéu cd tinh chat x4p c6 thé ép can vat liéu & dang bot, xo hodc quan cac
day kim loai thanh ludi, dang 10 x0,... [137]. Vat liéu dang x6p nay duoc dung dé bao
boc khung cua canh (Hinh 1.11), khdng khi chay giira cac khung canh rdi thim ra
ngoai qua lép vat liéu x6p. Pay 1a phuong an hién dai va vin dang trong qué trinh
nghién cau ca vé md hinh truyén nhiét [123] 1an ti uu hoa [125].

1.2.2.3. Giam nhiét do dong khong khi lam mat

Giam nhiét d6 dong khdng khi 1am mét c6 thé 1am ting dang ké hiéu qua lam
mat canh tuabin, khi nhiét d6 dong khéng khi Iam mat giam di 200+300K, nhiét do
trén canh giam tgi 100+150K [110]. Bé giam nhiét d¢6 dong khdng khi lam mat c6
cac phuong an co ban la: st dung b lam mat trung gian, phun nuéc vao dong khéng
khi lam méat hoac sur dung hoi nuéec.

Khi phun nuéc vao dong khdng khi lam mat cé nhiét do cao trong budng hoa
tron, ngay 1ap tire dong nuée bi bay hoi va hap thu nhiét luong, tir d6 hon hop khéng
khi va hoi nuéc ¢é nhiét do giam di dang ké. Theo cong trinh [41], phun luong nuéc
cd khdi luong bang 1% so vai luu lwong khong khi 1am mét, nhiét ¢6 hon hop giam
toi 3,5%.

Giam nhiét do khong khi bang két mat 1a phuong an hiéu qua, phu thugc vao
moi chat tan nhiét c6 thé 1a khdng khi méi truong, nuéc bién (d6i véi PCTBK tau
thay), nudc ngot hoac nhién liéu ma ta co két mat dang khong khi- khéng khi hoac
khong khi — chét long. Hé thong két mat khong khi — khong khi da dugc tng dung
trén cac loai dong co hang khéng cua Nga nhu Al-31F, PS90A, PS90A2. Theo cong
trinh [133], [134] 6ng trao ddi nhiét dang 6 van véi gan khuéch tan thay cho ong tron
tron trén két mat dang khéng khi — khéng khi cua dong co Al-31F lam nhiét d6 co
thé giam tai 200K. Theo cong trinh [33] véi bo tan nhiét nhién liéu — khong khi, khi
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ty s6 nhién liéu/ khong khi bang 0,025, ty 1¢ khdng khi lam méat 6% thi c6 thé giam
nhiét d6 khong khi lam mat téi 260K.
Nhom phuong an ndy ton tai mot sé nhuoc diém sau:

- Phuong &n phun nudc: doi hoi ngudn nuée cat tinh khiét hoic nuéc chuyén
dung, khi c6 tap chit s& tao ra cac Iop can bam trén cac bé mat trao doi nhiét, hoi
nuée ciing lam ting tbc do An mon hoa hoc cénh tuabin;

- Giam nhiét 6 khong khi bang két méat khdng gay nhiéu tac dong phu toi he
théng canh, nhung thiét bi trao d6i nhiét c6 kich thudc 16n;

- St dung hoi nudc mang nhuge diém cia ca hai phuong an trén.

1.2.3. Hi¢u ikng ting cwong trao doi nhiét ciia mang phan phoi

Trong céc bién phéap ting cuong lam mat, phuong 4n mang phan phdi c6 hiéu
qua rd rét trong viéc tang cuong hé sb trao d6i nhiét cuc bo khdng thua kém céac
phuong an khac, déng thoi suc can thay luc trén duong luu thong khong khi 1a nho
nhét [85]. N6 thuong duoc str dung cho canh phun, ciing c6 thé gap trén canh cong
tac. Mang phan phdi phun dong khdng khi 1am mat téi nhimg noi c6 tai nhiét cao,
trong d6 mili canh (Hinh 1.12) 1a mot trong nhiing noi thuong gap nhat [47]. Hién
nay c6 nhiéu canh c6 15 phun tir mang phan phéi huéng vao phan lung va bung cénh
gilp cho canh cd thé hoat dong trong dong khi c6 nhiét do tgi 1400°C [104].

L6 phun khong khi lam mat
NI+ E R

, i Mang phan phoi
Khong khi lam mat
b
Hinh 1.12. Canh tuabin duoc 1am mét bang mang phan phéi
a — canh phun [138]; b — canh cbng tac [47]

Dau ra khong khi 1am mat
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Ban chit vat ly cua hiéu Gmg ting cuong trao d6i nhiét mang phan phdi dwoc
nghién ctru thdng qua md hinh vat Iy ddng dang. M hinh vat 1y tao ra cac dong khi
tr mang phan phéi phun vao bé mit tim dich (Hinh 1.13a), & day dong phun chia
thanh 4 viung [64]:

- Viing 1 1a viing 15, kéo dai tr migng 13 phun dén dinh ciia 16i tiém ning (I6i
tiém ning 1a phan trung tdm cua dong chay trong d6 van toc khong d6i va bang van
toc tai miéng phun);

- Vg 2 1a viing khuéch tan dong chay vuot ra khoi dinh caa I8i tiém nang. N6
dugc dic trung boi su suy giam van toc doc tam va tiang van toc theo huéng ngang.
Déi vai 16 phun tron, van toc doc tam ty Ié nghich ty I¢ khoang cach chia duong kinh
16 phun D;

-Vung 3 1a vung ding, véc to van téc léch khoi huéng tdm va bi anh hudng
manh bai sy hién dién caa thanh vach. Khi dong chay tiép can thanh vach, thanh phan
van téc doc tdm giam manh va chuyén thanh thanh phan van téc nam ngang;

- VUng 4 1a vuing dong khi c¢6 van tc doc tm gan nhu bi triét tiéu, con van téc
nam ngang duoc coi nhu khuéch tan vao moi trudng vo han va giam dan khi di xa
khoi tam 16.

D
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Lépbién  Ving Lép tu:yén tinh
chay tang  chuyén tiép chay tang

a b
Hinh 1.13. M6 hinh va ciu tric tia phun tir mang phan phéi [64]
a—mo hinh cau trdc dong khi phun ra tir 16 don; b — phan bé Nu ¢ mé hinh 156 don
D — duong kinh 15 phun, H — khoang cach tir 16 phun téi bé mat tim dich
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O vung dirng va lan can né c6 dong ning rdi cao, 16p bién 1a dong chay tang,
khi lan xa hon dong chay s& chuyén sang dong chay rdi, gitra hai doan nay c6 doan
chuyén tiép (Hinh 1.13b). Bi véi mé hinh nhiéu 15 phun, cac ving phat trién theo
chiéu ngang tir mdi 16 s& c6 twong tac v6i nhau, tiy theo khoang céch gitta céc 15
phun ma sé€ c6 hoac khong co6 dai phun (viung tron gitra dong chay tur hai tia phun
canh nhau) (Hinh 1.14).

L6 phun =D 1.3 phun
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Ving éfmg Diém dumng tire thoi
Hinh 1.14. Cau trdc dong & mé hinh nhiéu 15 phun [93]

Do dic diém dong chay nhu trén nén hé sé trao doi nhiét (thé hién qua sé Nu)
dat cuc dai ¢ ving ding, sau d6 giam dan khi diém khao sét cach xa tam 15. Theo
cong trinh [47] hé s6 trao doi nhiét c6 hai diém cuc tri: thir nhat ¢ viing diing »/D<0,5
(do dong nang roi cao); tha hai ¢ vi tri r/D=1,75 (do hiéu &ing chuyén tiép chay tang-
chay réi) (Hinh 1.13b). Khi H/D cang nho cac diém cuc tri nay cang dé nhan ra [47].

Cac mang phan phéi c6 kich thudc hinh hoc khac nhau, hoat dong trong diéu
kién nhiét d6 va tinh chat dong mai chat rat khac nhau nén Nu thuong dugc sir dung
dé so sanh hiéu qua giira cac mang phan phéi ay. Trong trudng hop nay Nu & phuong
trinh (1.2) duoc cy thé hda bang phuong trinh (1.4):
hD

’ 5 ) 7 / \ ’ ,
Trong do: h la hé so trao doi nhiét gitta dong mai chat va bé mat tam dich; 4 — hé so
dan nhiét caa mdi chat.

Nu (1.4)

LT
h= q — on (15)
T,-T, T,-T,

w

oT N . :
Trong do: T gradient nhiét do vubng goc véi bé mat tam dich; Tw, T — nhiét do

tai diém khao sat va nhiét 6 méi chat ¢ dau dong.
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Dic tinh trao doi nhiét cua mang phan phdi (Nu) phu thudc vao théng sé vat
ly ciia dong mdi chat, bén canh d6 con phu thudc vao mot sb thdng sé dong dang
khéng thir nguyén nhu sau [104]:

- HID - ty Ié gitta khoang céch giita mang phan phdi véi bé mat tim dich/duong
kinh 156 phun, dugc goi tit 12 khoang cach twong déi (Hinh 1.13, Hinh 1.15);

- r/D — vi tri twong ddi so véi tdm tia phun;

- Rej— hé s6 Reynolds cua tia phun, tic 1a Rej=u;D/v;

- S/D —budc 16 twong ddi & mang phan phéi nhiéu 15;

- VR —ty s6 van téc dong phun uj va dong ngang Uer: VR=Uj/Uer (Hinh 1.15).

¢D* S Mang phéan phdi
T | %67 8 0T8T TS |
|
Dong phuxw W
u_j
z
Dong ngang H
u_cr a X Tam dich

Hinh 1.15. M6 hinh mang phan phéi va dong ngang
Cac két qua tong hop trong [47] va [104] cho thay khi H/D cang nho va Re;
cang 16n thi Nu cang cao. Ddi véi canh tuabin, duong kinh 16 phun thudng duoc thiét
ké trong khoang D=0,2+2 mm, con trong c&c tng dung cong nghiép khéac né co thé
ta1 5+30 mm [104].

1.3. Cac phwong phap nghién ctru

Khi nghién cru vé ting cuong 1am mét canh tuabin bang mang phan phdi, cac
tac gia co thé nghién ciu trén nguyén mau canh hoic trén mé hinh vat ly déng dang
dugc don gian hoa. V& nguyén tic, nghién ctru ting cuong trao doi nhiét bang mang
phan phdi c6 thé sir dung phuong phap thuc nghiém va md phong ly thuyét. Tuy
nhién, viéc thyc nghiém trén nguyén mau canh rat kho khan, nhat 1a trong pham vi
phong thi nghiém cua cac truong dai hoc. Tuc Ia trén nguyén mau canh thuong sir
dung phuong phap mé phong ly thuyét dé nghién ciru qua trinh trao doi nhiét [68],
[69], [70], [106], [136].

M® hinh vat 1y ¢ong dang 1a md hinh gia lap twong duong cac dic trung hinh
hoc, khi dong va trao doi nhiét trén canh hodc mot viing nhat dinh cua canh, gidp tim
hiéu ban chat vat ly, cac quy luat trao do6i nhiét. Vi du sy phu thudc cua hé sb trao doi
nhiét vao cac thdng sé hinh hoc va khi dong hoc, cac két qua nay sé dugc &p dung
nguoc lai nguyén mau canh.
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1.3.1. Phwong phdp mé phong Iy thuyét trén nguyén méu cdnh

Thoi gian trude day co thé tinh todn gan dung phan b nhiét trén canh bing
cach sir dung nhiét d6 dong khi va hé sé trao d6i nhiét 1a diéu kién dau vao, trong d6
hé s6 trao d6i nhiét 1a ham ban thuc nghiém déi véi tirng doan dic trung cua canh,
ching chaa nhiéu hé sé kinh nghiém [64], [121]. Phuong phap nay dua mé hinh vé
bai toan dan nhiét trong canh, cd nhiéu nhugc diém (mo hinh trao ddi nhiét gitta dong
khi va bé mit canh 13 mé hinh twong ddi so sai, can nhap nhiéu hé sé hiéu chinh, sir
dung nhiéu gia thiét chua sat v6i thuc té, chua tinh téi tac dong nguoc cua nhiét o
bé mat 1én I6p bién) [121]. Két qua tinh toan ctua phuong phap nay c6 do chinh xac
khong cao va do vay cang ngay cang it duoc st dung.

Hién nay chu yéu sir dung CFD dé xay dung ra mé hinh trao doi nhiét lién hop
cho cénh tuabin (chi tiét trong muc 2.1), théng s6 dong luc hoc luu chat, hé sb trao
di nhiét va nhiét @6 thanh véch cua canh khong phai la thong sé dau vao ma la két
qua tinh todn qua céc vong lap. Chang duoc giai truc tiép tir hé phuong trinh Navier-
Stokes va phuong trinh bao toan ning lugng trong khdi rin (canh) cho tirng phan tu.
Pay 1a phuong phap hién dai, duoc sir dung phé bién hién nay, khiac phuc dugc phan
I6n nhugc diém ciia phuong phap trén.

Ban chat caa phuong phap CFD 1a giai hé phwong trinh Navier-Stokes bang
phan mém may tinh cho tirng khdi khong khi dugc chia nhé ¢ dang phan ta hitu han,
thé tich hitu han hozc sai phan hiru han. Cac mé hinh mé phong da thanh céng trong
viéc dua ra du doan so bo vé hé sb trao doi nhiét va trudng van toc. Nhitng kho khin
trong viéc du doan chinh xac van toc va hé sd trao d6i nhiét chu yéu xuat phat tir mod
hinh réi va su tuong tic cua cac dong chay réi véi thanh vach. Trong qua trinh mo
phong dong chay bang CFD thuong st dung cac phuong phiap RANS (Reynolds
Averaged Navier Stokes), DNS (Direct Numerical Simulation), LES (Large Eddy
Simulation). Ngoai ra con c6 mot sé6 phuong phap két hop nhu lai DNS (PDNS,
MILES, LNS), lién két xoay (DES), md hinh Reynolds khong on dinh (URANS,
VLES) [109].

RANS sir dung md hinh ri, trong d6 cac dai luong vat Iy caa moi chat duoc
biéu dién dudi dang téng cua thanh phan trung binh va thanh phan réi, hé phuong
trinh Navier-Stokes dugc giai theo cac thong sé vat Iy trung binh ¢ ting khéi hozc
timg diém. Khéac véi RANS, DNS khong st dung md hinh rdi, cac phuong trinh
Navier - Stoke dugc giai truc tiép bang phuong phap s6. Dicu nay c6 nghia 1a toan
bo pham vi quy mé khdng gian va thoi gian caa nhidu loan phai duoc tinh toan. Tt
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c4 cac thang do khong gian cta nhiéu loan phai duoc giai quyét trong ludi tinh toan,
tir cac thang do khuéch tan nho nhat cho dén thang do quy moé 16m, lién quan dén céc
chuyén dong c6 dong ning 16n. LES dwgc dé xuit vao dau nim 1963 boi
Smagorinsky, trong d6 cac chuyén dong quy mé Ion (dong Ion) cua dong chay rdi
duogc giai truc tiép nhu DNS va chi cac chuyén dong & quy mé nhé (subgrid-scale
model -SGS) dwgc mé hinh héa nhu RANS. Do d6 khéi lwong tinh toan cua LES
giam di rat nhiéu so voi DNS, d6 chinh x4c cao hon phuong phap RANS vi cac dong
I6n chira phan 16n ning luong réi va dic trung cho hau hét chuyén dong va pha tron
r6i. Hon nita, c4c dong & thang do nho ¢6 xu hudng dang hudng va déng nhat hon
cac dong ¢ thang do 16n, nén md hinh hda cac chuyén dong cia SGS sé dé dang hon
s0 véi md hinh hoa tat ca cac thang do trong mot mé hinh nhu trong phuong phéap
RANS. Cac bai toan vé trao ddi nhiét mang phan phdi chua thé ap dung rong rai
phuong phap DNS do doi hoi sir dung siéu may tinh. Hién nay, da c6 nhirng cong
trinh nhu [35], [58] st dung LES dé tinh toan, md phong trao d6i nhiét caa mang
phan phdi tuy nhién van doi hoi tai nguyén may tinh khéng hé nho.

Véi tai nguyén may tinh hién cd, RANS van 1a phuong phap dugc sir dung
phd bién nhat [104], trong d6 c6 nhiéu md hinh rdi, nhung khong c6 mé hinh nao tdi
vu cho tit ca c4c truong hop. Cac md hinh dugc chia thanh 3 nhém chinh: nhom dai
s6, nhém dich chuyén ung suat Reynolds, nhom vi phan. Nhém mé hinh thit nhét (dai
s6) chi cho két qua dat yéu cau véi cac dong chay don gian. Nhém mé hinh thir hai
(dich chuyén tng suat Reynolds) it khi dugc sir dung khi giai cac bai toan cé bién
dang bén trong phic tap, bai vi nd md ta khdng tét qua trinh chay gan thanh. Hién
nay, nhdm md hinh vi phan (k-I, k-, k-g, SST, ...) tiép tuc dugc hoan thién, phat
trién va duoc dung phd bién hon ca [109].

Tai liéu [104], [105] da tong két cac dic trung ciia mot s6 mé hinh co ban khi
giai bai todn md phong truyén nhiét sir dung mang phan phdi. Trong dé, ngoai DNS
va LES (két qua c6 do chinh xé&c cao nhat nhung doi hoi tai nguyén may tinh Ién) thi
RANS vé6i md hinh réi SST va vAf 1a cho két qua kha quan nhat trong khi khong doi
hoi tai nguyén may tinh qua cao [104]. Mot s6 cong trinh nhu [7], [71] 3 mé phong
lai mot s6 thir nghiém bang cac mé hinh rbi khac nhau va dua ra két luan twong ty.

Tt c&e ly do trén luan &n lya chon sir dung mé hinh trao d6i nhiét lién hop giai
bang CFD v&i phuong phap giai RANS va m hinh réi SST.
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1.3.2. Phwong phdp nghién civu bang mé hinh vit ly dong dang

M hinh vat 1y dong dang duoc nghién ciru hoic bang phuong phap mé phong
ly thuyét CFD c6 kiém ching bang thuc nghiém nhw [70], [72], [86] hoic bang thuc
nghiém [6], [26], [37], ciing c6 nhiéu cong trinh két hop md phong va thuc
nghiém[72], [86], [106]. Két qua thu duoc trén md hinh vat Iy dong dang 12 hé s6 trao
d6i nhiét (thuong biéu didn thdng qua s6 Nusselt), 1a mot trong nhitng thong sé trung
gian quan trong, duoc dung dé danh gia hiéu qua l1am mat cho cénh tuabin, nhét 13
canh tuabin dugc 1am mat bang mang phan phéi (chi tiét & muc 1.2.1).

Ca4c van dé cua phuong phap CFD tuong ty nhu muc 1.3.1 da dé cap. Viéc
thuc nghiém xéac dinh hé s trao ddi nhiét cua mé hinh vat 1y dong dang thuodng st
dung ba phuong phap: phuong phap nhiét do6 on dinh theo thoi gian, nhiét do bién
thién theo thoi gian va dao dong nhiét d6. Cac phuong phap thuc nghiém nay duoc
trinh bay trong muc 1.3.2.1+1.3.2.3.

1.3.2.1. Phuong phdp nhiét @ on dinh theo thoi gian (phwong phdp 1)

Nguyén ly cta phuong phap nay dua vao phuong trinh (1.5), trong d6 cac
thong s6 thong lwong nhiét g, nhiét d6 bé mit Tw duoc coi 12 hang sé theo thoi gian.
Thong thudng s& ding mét tim gia nhiét dé sdy nong tim dich, sau d6 thoi dong
khong khi cé nhiét d6 thip hon vao bé mat tim dich va do nhiét do cac diém trén bé
mit. Viéc do cac diém trén bé mat c6 thé ding camera nhiét (IR Camera) nhu [6],
hodc tim chi thi mau (TLC) két hop voi camera ky thuat s dé chup anh mau [26],
[83], [86], trudc day co thé dung cam bién nhiét d6 (hién nay it ding vi chi do duoc
rat it diém) nhu [22], [42]. Phuong phéap nay c6 d6 chinh xac cao, nguyén ly tinh toan,
xtr 1y s6 lidu don gian nhat. Nhung kho khin gap phai 1a chiéu day cua tam dich phai
rat mong (khi str dung IR camera va TLC — dé c6 thé coi nhiét 6 hai bé mat bang
nhau), dong thoi ngudn dién duy tri tim gia nhiét c6 cudng d6 dong rat cao (I6n hon
50A [72], c6 khi hon 100A[83]).

1.3.2.2. Phuong phdp nhiét dé dién bién theo thoi gian (phwong phdp 2)

Pé loai bo kho khan lién quan dén viéc gia nhiét trong phuong phap 1, mot sb
tac gia sir dung phuong phéap nhiét do dién bién theo thoi gian (The transient liquid
crystal thermography technique). Phuong phap nay dwoc xay dung tir phuong trinh
can bang nhiét lwong giita nhiét lugng cap vao, nhiét luong lam ting nhiét do thanh
véach va nhiét lugng trao do6i vai dong khong khi thoi ra tir mang phan phdi (cé thé co
thém nhiét lugng trao ddi v4i moi truong).
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Phuong phap 2 sir dung tim chi thi mau TLC va camera k¥ thuat sé dé hién
thj va ghi lai di&n bién nhit do theo thoi gian [9], [10], [75], [102], [106]. V& nguyén
tic c6 thé thay thé tim TLC va camera k¥ thuat sb bang camera nhiét, tuy nhién thuc
té trong phuong phap nay, su sai léch nhiét do giita cac vi tri, gitta cac thoi diém la
nho, thay ddi trong thoi gian ngin nén doi hoi can c6 loai camera nhiét cé téc do dap
{rng cao va sai s6 nho.

Kho khin 16n nhat 1a doi hoi phan mém doc nhiét do tir anh chup c6 do chinh
X4c cao, can xay dung va calip thang do c6 dai hep va khéng tuyén tinh (thdng qua
hé s6 Hue- ty 18 cuong do sang giita cac mau do, xanh 14 ciy va xanh nuéc bién), do
rong dai do ctia TLC thuong gap 1°C, 5°C hoac 10°C, cao nhat c6 thé dat 20°C [101].

1.3.2.3. Phwong phdp dao dong nhiét do (phwong phap 3)

Wandelt va Roetzel dé xuat phuong phap dao dong nhiét do (The Temperature
Oscillation Infra-Red Thermography - TOIRT) dé do hé s trao doi nhiét d6i luu dua
vao dir liéu duy nhat 12 nhiét do thanh vach do bang camera nhiét (IR camera) [97].
Tt d6 tré pha gitra nhiét d6 bé mat tim kim loai so v&i xung ngudn nhiét cudng birc
cap vao (thuong dung dén halogen) c6 thé tinh toan ra hé s trao doi nhiét. Nguyén
ly cua phwong phap nay duoc trinh bay trong muc 3.3.2.1.

Theo codng trinh [37], [97] phuong phap TOIRT khong phu thudc vao cuong
d6 nguodn nhiét, khéng doi hoi ngudn nhiét phan bé dong déu trén bé mat tim (nhu
phuong phap 1), thoi gian do dai (tan s6 f=0,01+0,2 Hz) nén khong doi hoi tc do
chup cao (nhu phuong phéap 2). Pdng thoi phuong phap nay khong doi hoi st dung
tam kim loai mong (ti vai chuc wm nhu phuong phép 1) hoac tam kinh chuyén dung
(nhu phuong phép 2), do d6 c6 kha ning nghién ctu cho cac bé mat ¢é gan, go, ranh.

Kho khin ctia phuong phap nay 1a sb luong anh chup rat Ién trong mét lan do,
trung binh can do 3+5 chu ky, xu ly s6 lidu tir vai tram buc anh [37], doi hoi thoi gian
va tai nguyén may tinh 16n. Dong thoi, @6 chinh xéac cua thuat toan xac dinh do tré
pha quyét dinh téi do chinh xéac cua két qua hé so trao d6i nhiét, can co phuong phép
d6ng bo thoi gian cua anh chup va nguon birc xa. Bén canh dé ciing can xéac dinh thoi
gian tré nhiét ciia chinh ban than dén halogen, c6 thé 1én tgi 100+150ms [37] véi dén
cong suat 50+150W hoic téi 229 ms khi cong suat dén 500W [87], [88].

Phuong phap TOIRT duoc Freund [37] nghién cau phat trién, hoan thién trong
luan an luan an tién si cua minh. Ngoai cac thir nghiém chang minh, tac gia da thuc
hién phan tich ly thuyét va do nhay cia phuong phap nay, luan an nay cho thay khi
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ngudn bic xa ¢é chu ky dang hinh vudng thi két qua s& chinh xac hon hinh sin do
viéc dong bo thoi gian cua séng hinh vudng dé thuc hién hon. Freund [37] tng dung
TOIRT dé tinh toan trao ddi nhiét gira dong khi chay trong dng, dong chay trén bé
mit phang c6 go ré dong, tAm luon song, va da cé tinh toan phan bd hé sb trao ddi
nhiét khi cho dong khi théi tir mot dng vao bé mit kim loai. Ngoai ra, Solnar va cong
su ciing st dung phuong phap nay [87], [88] dé nghién ctru vé dic trung trao dbi nhiét
khi cho dong nuée chay tir mot dng c6 canh khac nhau (nham thay d6i d6 rdi ban dau
ctia dong Tu) vao bé mat kim loai.

1.4. Céc cong trinh nghién ctru lién quan va dit van dé nghién ciru
1.4.1. Cac huong nghién cwru va cdc cong trinh nghién cwru lién quan

1.4.1.1. Céc cong trinh nghién citu trén nguyén mau canh

Ddi voi nguyén mau canh tuabin c6 xu hudng nghién ciu thiét ké lai vi tri,
phan b, duong kinh caa I8 phun sao cho dem lai hiéu qua 1am mat cao hon (danh gia
thong qua hé s6 1am mat 6 hodc hé sé trao d6i nhiét h) nhu cac cong trinh [68], [69],
[70], [106], [136].

Trong cum cong trinh [68], [69] cac tac gia sir dung ANSYS-Fluent dé mo
phong trang thai nhiét cia CPCA duoc lam mét bang mang phan phdi véi luu luong
khong khi gc = 2,3%, mang phan phdi nay chi c¢é cac 15 phun t6i khu vuc miii canh.
Cong trinh [68] di xay dung mé hinh trao ddi nhiét va phan tich su sai khac cua két
qua voi chiéu day ludi sat bién khac nhau (danh gia qua y*), sau dé tim ra cac khu
vuc trén canh cé nhiét do cao. Tiép d6 cong trinh [69] phan tich sy sai léch vé trang
thai nhiét cua 10 canh phun trén vanh canh véi cung 60°. Két qua cho thay, su khdng
ddng déu cua dong khi néng sau tuabin gay ra cac ving qué nhiét trén canh phun va
1a nguyén nhan gy hu hong canh, vi tri ciia viing qué nhiét dugc so sanh va ddi chiéu
vé6i vét nat trén canh thyuc. Tir cac két qua dd, cac cong trinh [68], [69] c6 nhan xét
rang can tang cuong lam mat canh phun nhung chua dua ra phuong 4n cu thé.

Cong trinh [70] nghién citu mo phong hiéu tng ting cudng lam mat cua 16
phun kich thudc nho trén mo hinh canh phun tuabin. M6 hinh nghién ctru cua tac gia
c6 duong kinh D=0,51mm (nguyén ban), 0,25mm, H/D=1,58 va 3, buéc 16 twong doi
theo chiéu ngang 4D va 8,16D, mat do dong qua |5 phun puj=2,25; 4,5 va 6 kg/m?s.
Két qua cho thay khi cing mat do dong di qua céc 16 phun, sir dung c4c 15 phun duong
kinh nho (v&i H/D=const) dem lai hiéu qua trao d6i nhiét 16n hon (dén 63%) tuy nhién
s& lam tang d6 chénh &p suat 1&n téi 75%. Néu b dinh do chénh &p suat (thay vi mat
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d6 dong) hiéu qua trao doi nhiét van ting téi 34,3%. Tir d6 tac gia két luan ring duong
kinh D nho hon dem lai hé s trao doi nhiét cao hon. Tuy nhién can chd y rang, & day
D giam di kém véi khoang cach H giam dé H/D=const, con trudng hop H khong doi
khong dugc dé cap. Cong trinh [70] nghién ciru trén nguy&n mau canh, tuy nhién méi
chi dua ra két qua hé sb trao dbi nhiét, chua dit canh vao diéu kién 1am viéc va dua
ra phan bé nhiét do.

Cong trinh [136] khao sét phan b nhiét d6 trén CPCA cua dong co PS-90A2,
canh nay duoc lam mét bang ca mang phan phdi va kiéu mang. Tac gia sir dung
ANSYS-CFX dé mo phong anh huong cua mic d6 chénh ap giira ap suat khong khi
lam mét voi dong khi ndng téi nhiét do trén canh nguyén ban va canh cai tién, ¢ day
khong dé cap dén phuong phéap dé thiét ké ra canh cai tién.

Mot trong nhitng cdng trinh hoan chinh va cdng phu la [106], cac tac gia da
trinh bay phuong phap t6i wu héa hé thdng lam mat cua canh phun khi sir dung thuat
toan di truyén xay dung trén phan mém Matlab va ANSYS CFX. Déi tuong ap dung
la canh phun tang tha 2 (dong co hang khong E3) ¢6 mang phan phdi ¢ dau va giita
canh, cac tru tao rdi ¢ dudi canh. Két qua mo phong trao ddi nhiét cua mang phan
phdi duoc so séanh vai s lidu thue nghiém trén tim phang bang phuong phap 2 (muc
1.3.2.2 trang 23), con md hinh trao d6i nhiét trén nguyén mau canh duoc kiém ching
thdng qua két qua thir nghiém trén canh Mark-11 caa Hylton. Céc bién s6 t6i uu 1a do
rong caa mang phan phéi, khoang cach H, duong kinh 16 phun D, s6 luong 15 phun &
khu vuc miii canh, s6 lwong cot va hang 16 phun khu vue lung va bung canh, duong
kinh céc tru tao réi & dudi canh, khoang céch gitra cac tru va chiéu rong khe thoat khi
& dudi canh. Két qua, canh s& duoc 1am mat téi wu véi H=0,710+0,997mm;
D=0,423+0,517mm. Do duong kinh 16 phun bang nhau ¢ moi vi tri mang phan phéi
nén van xuat hién 3 khu vuc nhiét do cao cuc bo trén bé mit canh phun.

Tai Viét Nam, céc cong trinh nghién ctu trao doi nhiét trén canh tuabin con
chua nhiéu. Cong trinh [3] khao sat anh hudng cua sé luong kénh dan khong khi 1am
mét téi trueong nhiét do canh cong tac dong co tuabin khi hang khong bang phan mém
ANSYS-Fluent. Cong trinh nay chua dé cap rd phwong phap xay dung mé hinh, bién
phap kiém nghiém va hiéu chinh md hinh. Mé hinh mé phong canh ¢ cong trinh [3]
la dang 2D va dat ra mot sb gia thiét chua sat véi diéu kién hoat dong trong thuc té
nhu: b qua anh huéng caa sy quay tdi phan bd nhiét, nhiét do dong khong khi 1am
mét trong kénh dan 1a hang so.



27

1.4.1.2. Cac nghién ciru trén mé hinh vit ly

Khi nghién ctu ting cudng 1am mét canh tuabin bang mang phan phdi, ngoai
viéc nghién ciru trén nguy@n mau canh nhiéu tac gia nghién ctu trén md hinh vat Iy
d6ng dang vai cac khu vyc can ting cuong lam méat cua canh. O day moé hinh vat Iy
dugc don gian hda vé mit hinh hoc, vi du: mé hinh dang tim phang thay thé cho qué
trinh trao ddi nhiét & mat trong cua lung hoic bung canh [22], [34], [36], [42], [47],
[56], [57], [72], [73], [86] (do ban kinh cong cua lung va bung l6n hon rat nhiéu lan
duong kinh 16 phun [47]), hoic 1a md hinh mat tru cong ban kinh Rs [50] hozc hinh
thang thay thé cho khu vuc miii canh. Cac md hinh nay nay c6 tinh téng quat cao, co
thé (tng dung vao nhiéu d6i twong canh, nhiéu luan n tién si dung lai & viéc cong bd
két qua & mo hinh vat Iy nay [45], [83], [86].

Ddi v6i qua trinh trao d6i nhiét ¢ khu vue lung hodc bung canh c6 cac huéng
nghién ctru chinh nhu: cdu trdc dong chay ([16], [22], [94]), anh hudng caa théng s6
hinh hoc mang phan phéi téi Nu, twong tac giita cac dong, két hop gitra phuong phap
nay Véi cac phuong phap khac (gan ngang dong [48], 16m cau [10], kiéu mang [44],..).

Cac yéu té hinh hoc nhu buéc 15 trong ddi S/D va khoang cach tuong d6i H/D
anh huong lon dén hé sb trao d6i nhiét, khi H/D tiang lam gié tri Nu giam va nguoc
lai [47], [89]. Trong mang phan phéi nhiéu 15 c6 nhiéu so db b tri: thang hang, so
le,.... DA c6 nhiéu cong trinh nghién ciru vé anh huong cia sy phan bd nay téi phan
bd Nu [45], [85]. Cdng trinh [56], [57] ding phwong phap thuc nghiém s 1 dé nghién
ctzu phan bd Nu trén mé hinh tim c6 16 phan bé so le so véi S/D, H/D khac nhau.
Thuce té 16 phun cia mang phan phdi phan 16n 12 16 ¢6 mat cat hinh tron, tuy nhién

cling ¢6 nhirng cong trinh nghién ciu 15 hinh elip, 8, oo, % [85]. Két qua md phong

trong cong trinh [73] cho thay, 15 hinh elip c6 tac dung tét trong viéc han ché anh
huong caa dong ngang, tuy nhién dé dat hiéu qua cao thi can két hop véi ca hudng
thoi, diéu kho co thé diéu chinh & mang phan phéi rat mong trén canh tuabin.

Khi ton tai hai 15 phun canh nhau, khong khi di ra tir chling s& va dap vao nhau
s& tao thanh dai phun (Hinh 1.14), dong khong khi bi hat nguoc Ién cao, van téc dong
chay theo huéng song song bé mat tim dich gan nhu bang 0. Khi d6 quan sat phan
bd Nu s& thay khu vie dai phun c6 Nu dat cuc tiéu. Khi cac 16 phun cang gan nhau
hiéu tng nay cang manh mé, doi khi con lam bién ddi gié tri va phan b Nu & khu
vuc gan 16 phun. Cong trinh [102] sir dung phuwong phap thuc nghiém 2 dé nghién
ctiu twong tac nay, két qua cho thay khu vuc ding tac thoi bi dich chuyén ra hai bén



28

S0 V6i dai phun, khi s6 lwong 16 nhiéu Ién (7x7 18), khu vuc 4 géc it chiu anh huong
cua dai phun thi gia tri Nu cao hon cac khu vuc con lai.

Trén két cdu canh tuabin (Hinh 1.16) c6 3 ving véi dic trung khac nhau, trong
d6 chi céc 16 phun khi & ving | (ndm & khu vue dau canh — tim dich dang 16m) it chiu
anh huong boi dong khac nhung van cé sy tuwong tac giita cac 16 vai nhau. Con lai
phan 16n dong phun chiu twong tac ctia dong khac va ca giira cac dong phun véi nhau.

Hinh 1.16. Két cau canh tuabin dién hinh duoc lam mét bang mang phan phéi [36]

Tai vung Il (Hinh 1.16 a) cac dong phun & phia sau lung (bung) canh chiu anh
hudng ciia dong ngang chay ra tir cac 16 phia dau dong. Cac nghién ciru vé van dé
nay sir dung mé hinh 1 hozc nhiéu hang 16 doc theo dong chay, cang cac dong phun
& phia cudi dong chiu tac dong cua dong ngang cang lén. Cong trinh [86] két hop
thuc nghiém va mé phong dé nghién ciru trén mé hinh 1 hang 16 doc theo huéng chay,
két qua thu duoc Nu cuc dai giam dan vé phia cudi dong va Nu dao dong xung quanh
gi tri trung binh véi bién do nho hon. Cong trinh [6] nghién ctru dong c6 2 dau thoat
dé giam thiéu tac dong cua dong ngang, khi d6 thu duogc Nu cao hon.

Dbi vai vang 111 (Hinh 1.16 b) ngay tir nhitng dong phun dau tién da chiu dong
ngang rat Ion chay tir khu vge dau canh toi, va trong khi nghién ctu vé van dé nay,
c4c tac gia thuong st dung mé hinh mot 15 [22], [42], [72], [73]. O day, cudong do
dong ngang dugc danh gia thong qua ty sé van tbc dong phun/dong ngang VR= uj/Ucr
hodc ty s6 M (M=pj.Uy/per.Ucr - mass flux ratio), tuy nhién néu ding hai dong nay c6
mat do dong bang nhau (pj/per=1) thi VR=M. Cong trinh [22], [42] st dung cac cam
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bién nhiét d6 lip doc theo chiéu dong chay, két hop chup anh lai dong chay dé nghién
ctru anh huéng cua dong ngang téi dong phun (H/D nam trong dai khé cao 6+12, va
Rej=35000+121000, M=4,9+17,4). Két qua cho thiy dong ngang 1am léch dang ké
dong phun, Vi tri Numax c6 xu huéng léch di khoi vi tri tm 16 va gia tri Nu c6 xu
huong tang 1én.

Gan day, cong trinh [72] di st dung phuong phap thuc nghiém sé 1 két hop
v6i md phong sé dé nghién ctu anh huong cia dong ngang téi dic tinh trao doi nhiét
cua dong phun véi Rej=13400, H/D=2, VR=3,5,7. Trong bai bao nay Rej, D, H duoc
giit khong d6i, khi ty sé van toc dong phun/dong ngang VR cang giam (van toc dong
ngang Uer tang) thi Numax tang va vi tri dinh cua Nu dich vé phia cudi dong, dong thoi
Nu cuc bo ciing ting, diéu nay la do ucr ting manh lam tang kha ning trao doi nhiét
trén bé mat tim dich. Cong trinh [79] ctia cing nhdm tac gia da nghién citu mot hang
416 doc c6 duong kinh D=13,2mm, Rej=13400, H/D=2, S/D=3 tuong tac v&i dong
ngang c6 VR=3,5,7, dau dong phun dugc chin bai go chit V goc 30+60 do, do dai
1,3Dx2, do cao 0,6D, d6 day 3mm. Két qua khi c6 go chin vai goc 60 do s& lam Nu
tang 1én 55,32%, 29,3% va 18,63% twong ung vai truong hop VR =3,5va 7.

Cong trinh [36] nghién ctu trén mo hinh 10 hang 16 chiu anh huong cia dong
ngang vai (Sx/D, Sy/D)=(5,4), 5,8), (10,4), (10,8), H/D=1+3, Re;j=10000, VR=1, 2, 5,
két qua: khi H/D=1 thi Nu & tdm 15 phun sé ting doc theo chiéu dong chay, VR giam
thi Nu tang; khi H/D=3 thu duoc két qua nguoc lai. Tuy nhién do cdng trinh nay st
dung phuong phap thuc nghiém 1 vai hitu han cac cap nhiét ké nén chi xac dinh duoc
Nu ¢ tam 15 phun, khdng c6 bic tranh toan canh vé dién bién Nu trén toan tam.

Céc dai thong sb nghién ctru nhu H/D, S/D, Rej, VR, s6 luong, hinh dang va
bd tri 16 phun cta cac cong trinh d3 liét ké & trén duoc tong hop & Bang 1.1.
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Bang 1.1. Bang théng ké cac cong trinh nghién cttu mang phan phdi trén md hinh tim phang

TT | Tacgiachinh | H/D | S/D Re; VR Hinh S6lwongva | Phwong phap | Ghichd
dang 15 phan bd 15 nghién ciu
phun
Vuang Il (Hinh 1.16)
1 | Junsik Lee | 1,5+8 | 5,8, | 8000 =+ - tron Nhiéu 16 b6 tri | Thuc nghiém
[56], [57] 12 50000 so le phuong phap 1
2 | Yoshisaburo 2+8 4+8 4680 - tron Ma tran thang Thuy nghiém
Yamane [102] hang 3x3 16; 5x5 | phuong phép 2
16: 77 16

3 | Ricklick [86] 1,3;5| 5;15 | 17000 + - tron 1 hang 516 hoiac | Két hop thuc
45000 1516 nghiém bang
phuong phap 1

va md phong

CFD
4 | Andrew 3 3 4000 + - tron Ma tran thing Thuc nghiém So sanh 2
Schroder [6] 15000 hang 9x5 15 bang phuong | dauraval
phap 1 dau ra
Vung Il (Hinh 1.16)

5 | Goldstein [22], | 6; 12 - 35000+ | 4,9+ tron 116 Thuc nghiém
[42] 121000 | 17,4 bang phuong

phap 1 sir dung
cac cap nhiét ké
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TT | Tacgiachinh | H/D | S/D Re; VR Hinh S6lwongva | Phwong phap | Ghichd
dang 15 phan bd 15 nghién ciu
phun
6 | Man-Woong 6; 8 - 7,98; elip 116 voi hinh | M& phong CFD | Thay doi do
Heo [73] (u=11,96 dang tur tron téi elip va goc
m/s) elip nghiéng so
V6i bé mat
tam dich
7 | Makatar Wae- 2 - 13400 3:5:7 tron 116 Thuc nghiém
hayee [72] bang phuong
8 | Pansang [79] 2 3 13400 3;5;7 tron 1 hang 415 doc | phéap 1 két hgp | C6 go chan
mo phong CFD | dong ngang
9 | Florschuetz 1;2;:3 | (Sx; Sy) | 10000 1;2;5 tron Ma tran thing Thuc nghiém
[36] = hang va so le véi | bang phuong
(5; 4), 10 hang doc; tir | phép 1 dung
(5:8), 9-36 hang ngang | cac cap nhiét ké
(10:4),
(10;8)

Ghi chl: Sy, Sy — khoang cach twong d6i gitra cac 16 phun theo chiéu x (doc dong chay) va chiéu y (ngang dong chay).




32

1.4.2. Bt vin dé nghién civu

Canh phun tuabin cao &p dong co DR76 duoc lam mét kiéu dbi luu, da co
mang phan phéi, tuy nhién mai chi ¢é cac 16 phun vao khu vuc miii canh (Hinh 1.1).
Véi dang két cau nay, khu vuc nhiét 6 cuc dai c6 thé xuét hién ¢ lung canh [53],
[90], [91], [136] hoic bung canh [68], [69], can cd bién phap dé giam nhiét do cho
viing nay. Mang phan phéi c6 két cau don gian, dugc ché tao tach roi so véi than
canh, viéc bd tri thém céac 16 o trén mang phan phdi phia lung canh (hoac bung cénh)
la phuong an c¢6 tinh kha thi.

Lung hoac bung canh s€ dugc tang cuong lam mat nho nang cao hiéu ung trao
d6i nhiét ddi Iuu khi cho dong khong khi phun ra tir mang phan phdi va dap vao bé
mat bén trong cua lung canh. Dong khi nay luén luén chiu tac dong cua cac dong khi
bén canh, ciing nhu dong khi tir dau cénh chay toi (dong ngang), trong tac gita ching
1am thay d6i dic tinh trao doi nhiét, khéng con giéng nhu cac 16 don thuan tdy. O day
dit ra van dé can lua chon kich thudc 16 phun D, budc 16 twong dbi S/D, khoang céch
tuong doi H/D sao cho han ché anh huéng cua dong ngang, nang cao hiéu qua trao
doi nhiét.

Hién nay, trén mang phan phdi cia mot sé canh phun da c6 16 phun & phia
lung va bung nhu canh dong co E3 [106], canh J-75 [55], ... Tuy nhién, cac hang thiét
ké it khi cong bd phuong phap va quy trinh nghién ctu cai tién canh. Céc cong trinh
cta cac nha nghién ciu nhu [68], [69], [70] c6 két qua chua toan dién va tinh tong
quat khéng cao, ddng thoi chwa dua ra két qua cudi cung 1a phan b nhiét do cua canh
cai tién. Cong trinh [106] t6i vu hoa canh trén nén tang da c6 san cac 16 & lung va
bung canh, phuong phap nghién ctru caa cong trinh nay rat hién dai nhung sb luong
truong hop tinh toan I16n, thoi gian dé két thic vong lap rat dai (t6i 464 truong hop
trong thoi gian 50 ngay) va doi hoi tai nguyén may tinh du manh.

Viéc nghién ciru tang cuong lam mat cho CPCA dong co DR76 ¢ thé thuc
hién bang cach sir dung cac khuyén céo tir mé hinh vat Iy nhu duong kinh 15 phun D,
khoang céch tuong déi H/D, budc 16 twong dbi S/D. Tuy nhién, hau hét cac cong trinh
nghién ctru trén mé hinh vat 1y déu chua nghién ciru téi dong ngang hozc chi la dong
ngang do chinh cé4c 16 d¢au dong gay ra & cudi dong [6], [56], [57], [86]. Mot sb cong
trinh xét t&i anh huong cua dong ngang (anh hudng caa ty s6 van toc dong phun/dong
ngang VR) t&i Nu nhu [22], [36], [42], [72] va cac phuong phap han ché anh huong
nay nhu [73], [79]. Phan 16n cac cong trinh nay st dung md hinh 1 13, chua c6 hiéu
g tuong tac gitra c&c dong phun canh nhau, dong thoi chwa khao sat véi H/D, S/D,
Rej khac nhau. Chi tiét cac cong trinh nay dugc trinh bay trong muc 1.4.1 va Bang 1.1.
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Vén dé dic trung trao d6i nhiét & md hinh mang phan phéi nhiéu 15 chiu tac
dong cua dong ngang 16n con chua dwgc nghién cau triét dé, dong bo véi cac yéu td
anh huong khac nhu H/D, S/D, Rej. Do vdy dé co co sé lya chon mang phan phdi,
luan &n can nghién ctru dic trung trao ddi nhiét khi c¢6 twong tac gitra dong phun va
dong ngang trén md hinh tim phang nhiéu 16 phun (chi tiét vé cac md hinh nghién
ctru dugc trinh bay trong muc 3.1).

Luan &n s€ dugc nghién ctiru véi ndi dung va cac bude co ban nhu Hinh 1.17.
Cu thé, tap trung nghién ctu ting cuong lam mat cho CPCA dong co DR76 bang
cach bb tri thém céc 16 phun khéng khi trén mang phan phéi tai khu vyuc c6 nhiét do
cao nhat (bang phuong phap mé phong). Trong qua trinh nay, luan an tién hanh
nghién ctru anh huong caa yéu té hinh hoc (D, S/D, H/D) va khi dong cua dong phun
Rej va dong ngang VR tai hé s trao ddi nhiét h (két hop ca thuc nghiém bang phuong
phap TOIRT va md phong), day la co sé dé lya chon két cau mang phan phdi (sb
luong, kich thuéc, vi tri cta 16 phun) cho CPCA dong co DR76. Két qua phan b
nhiét d6 trén canh maéi s& duoc so sanh véi canh nguyén ban dé khang dinh hiéu qua
tang cuong lam mat.

4 \
Xay dung m6 hinh trao doi nhiét
trén canh phun DR 76

:

Phan b nhiét do trén canh phun DR 76;
Xac dinh vi tri can tang cuong lam mét

:

Xay dung mo hinh vat ly dong dang vai kénh dan
khong khi tai vi tri can tang cuong lam mat

¥

Két qua hé sb trao df)i nhiét
trén mo hinh vat ly dong dang
(Pua ra khuyén céo veé H/D, S/D)

I
Ap dung cho mang phan phdi tai vi tri

can tang cuong lam mét ciia canh phun DR 76
(Xéc dinh vi tri, s6 lugng, duong kinh 16 phun)

Két qua phan bd nhiét do trén canh cai tién

Hinh 1.17. Trinh tu nghién ctu caa luan an

I:>[ Két luan J

So sénh khang dinh két qua
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1.5. Két luan Chwong 1

DCTBK tau thuy 12 loai déng co nhiét ¢ nhiéu wu diém vuot troi, tuy nhién
tudi tho, thoi gian 1am viéc & ché do tai cao cua dong co con ngin (200 gio & ché do
dinh mie ddi véi dong co DR76) do céc chi tiét tuabin 1am viéc trong diéu kién khic
nghiét. CPCA dong co DR76 nam ngay sau budng dét, chiu nhiét do cao nhét trong
DCTBK, nguy co chdy canh ludn tiém 4n, do d6 ting cuong lam mat luén mang tinh
thoi su va cap thiét.

Tur két qua nghién ctru uu va nhuge diém cia mot sé bién phép ting cuong
lam mat, ta thiy phuong phap mang phan phéi 1a phuong phap c6 hiéu qua cao, suc
can thay luc nho, tin cay, doi hoi cdng nghé ché tao khdng qua cao, phi hop cho viéc
ung dung vao CPCA cutia dong co tuabin khi tau thiy. CPCA cta dong co DR76 duoc
lam mét kiéu ddi luu, da cd mang phan phdi, tuy nhién méi chi cé cac 15 phun & khu
vuc miii canh, viéc ting cuong 1am méat c6 thé thuc hién bang cach bé tri thém cac 16
phun trén mang phan phéi & khu vuc ¢ nhiét do cao.

Qua khao sat cac nghién ciru trong va ngoai nude da cong bd cho thiy, cac cong
trinh nghién ciu trén nguyén mau canh chua duoc toan dién va c6 tinh tong quéat khdng
cao. Cac cong trinh nghién ciu trén mo hinh vat 1y chua giai quyét triét dé van dé anh
hudng cua tuong tac gitra dong phun va dong ngang toi hé sé trao d6i nhiét & bén trong
lung canh, dong thoi chwa nghién ctru dong bo véi cac thdng sé anh hudng khac nhu
thdng s6 hinh hoc H/D, S/D, khi dong Rej va VR.

Van dé néu trén 1a trong tam nghién cau caa luan &n nham tim ra phuong an
két cau mang phan phdi c6 hé sé trao doi nhiét cao nhat, tir 46 4p dung dé ting cuong
lam méat cho CPCA dong co DR76. Luan &n sir dung phuong phap két hop thuc
nghiém va mé phong CFD dé nghién ciu, cu thé, qué trinh thuc nghiém xac dinh hé
s6 trao d6i nhiét s& thuc hién bang phuong phap TOIRT, qua trinh mé phong s& st
dung phan mém ANSYS-CFX véi md hinh RANS, mé hinh réi SST.
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CHUONG 2. CO SO LY THUYET TRONG BAI TOAN TRAO POI NHIET
CHO CANH PHUN TUABIN

2.1. M hinh trao d6i nhiét cho canh phun tuabin va lya chon phin mém mé phéng

Dé xac dinh duoc phan b nhiét do trén canh phun tuabin c6 1am mét can tinh
toan dong luc hoc dong chay (dong khi ndng bén ngoai va dong khéng khi lam mat
bén trong), qua trinh trao doi nhiét gitra dong chay (bén ngoai, bén trong) vai thanh
véch céanh, qué trinh dan nhiét bén trong phan kim loai caa canh (Hinh 2.1). M6 hinh
tinh toan nay duoc goi 1a mé hinh trao d6i nhiét lién hop [23], trong d6 truong dong
chay/nhiét d6 cua cac dong khi (khi nong, khi lam mat) va trueong nhiét do cua canh
tuabin duoc tinh toan dong thoi [99].

N

] ( Vat thé rdn )

Trao d6i nhiét

@(‘)ng chay bén ngoéi) ff—p (D()ng chay bén tron@

\ A A /

TINH TOAN LIEN HQP
truong dong chay«—p vat thé rin
(phwong phap khép nbi truc tiép)

Khong c6 diéu ki¢n bién vé nhigt
\_  (rénbématthanhrin )

C Phuong phép gidi cho dong chiy va vat thé rin )

(thong s6 trao dbi nhiét dwoc tinh toan, khong phai la diéu kién bién)

Hinh 2.1. Nguyén 1y tinh toan trao doi nhiét lién hop cho canh tuabin [23]
Nhiét d6 va thong luong nhiét (Hinh 2.2) duoc trao doi & mat bién giira chat
khi/ran khong phai 13 diéu kién bién ma chung duoc tinh toan trong céc vong lap
(Hinh 2.3) [74], [99]. Piéu kién bién trong bai toan nay bao gdm: théng sé dong khi
(4p suat, nhiét do, luu luong) tai dau vao va dau ra cua kénh dan, théng sé vat ly cua
dong khi va kim loai cua canh phun tuabin. Trong khudn khé luan 4n, “mo hinh trao
d6i nhiét lién hop cho canh phun tuabin” duoc goi tit 1a “mo hinh trao d6i nhiét cho

canh phun tuabin”.
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Ving lwu chat

T
I

qf Bé mit tiép xtc

R
Vung chat ran

Hinh 2.2. Nhiét do va thong luong nhiét & bé mat tiép xtc gitra dong khi va bé mat
thanh vach [99]

Mién luu chét (b¢ giai dong luu chét) ‘
Chay mot vai vong lap tc’r[ khi c6 két qua so bd ban dau
Thong s6 dau ra: Tws

'

Mién chat ran
Thong so dau vao: Tws
Thong sb dau ra: Tws

N

a4
Mién luu chét (b6 giai dong luu chét)
Thong s6 dau vao: T
Thong so dau ra; Qu.

v

Mién chat ran
Thong s6 dau vao: Qus
Thoéng so dau ra: Tws

Sali

Hinh 2.3. So d6 thuat todn ciia mo hinh trao doi nhiét lién hop [99]
Tws — nhiét d6 trén phan tir mién luu chat sat thanh ran; Tws — nhiét do trén phan tir
mién chat ran sat bé mit luu chat; qus — thong luong nhiét trao di gitta mién luu
chat va mién chat ran
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Bai toan trao d6i nhiét lién hop hién nay thuong duoc giai bang CFD, trong
d6 str dung cac nhém phuong phéap sau dé roi rac hda cac phuong trinh Navier-Stokes:
thé tich hitu han (FVM), phan ti hitu han (FEM), sai phan hitu han (FDM). Céc
phuong phap nay khac nhau & cach thic roi rac héa cac phuong trinh gbe. Céc phan
mém CFD phé bién c6 thé ké dén nhu ANSYS (CFX, Fluent), LMS Virtual.Lab,
STAR-CD, PHOENICS [95]. M3i phian mém nay déu c6 thé manh riéng, tuy nhién
ANSYS CFX duoc st dung phd bién trong cac bai toan lién quan dén canh may nén,
tuabin, do tin cay caa phan mém ANSYS CFX da dugc nhiéu cong trinh chitng minh.

Phan mém ANSYS CFX hd tro cac cau tric lugi tly y, bao gom cac phan tir
hinh luc gi4c, t dién, ném va kim ty thap. ANSYS CFX chta thuat toan dé c6 thé
két hop ca FVM va FEM trong mot mo hinh, trong ¢6 FVM cung cip phuong 4n giai
cho cac phuong trinh bao toan trong khi Iuu chat, con FEM cung cap phuong 4n giai
cho cac dong trén cac bé mat vach va phan tu trong khéi ran. ANSYS CFX cung cap
mét giai phap duy nhat véi do chinh xac cao cho tat ca cac dong luu chat 6 toc do
khac nhau (dong téc do thap va toc do cao) va thudc tinh vat Iy caa luu chat, ciing
nhu khéi ran khéac nhau.

Dang thoi, phan mém ANSYS-CFX cho phép trich xuét di liéu phan b nhiét
d6 trén canh sang phan mém ANSY'S Static Structural, tir d6 tinh toan duoc tng suat
nhiét cia canh. Tur céc ly do trén, luan &n lya chon sir dung phan mém ANSYS-CFX
dé 1am cdng cu xay dung mé hinh trao d6i nhiét cho canh phun tuabin.

2.2. Ly thuyét dong chay va trao d6i nhiét trong phan mém ANSYS-CFX

2.2.1. Cac phwong trinh co bdn

Trong bai toan trao ddi nhiét lién hop, thuat todn cua ANSYS-CFX duoc xay
dung dua trén cac phuong trinh co ban cta hé phuong trinh Navier-Stokes (phuong
trinh bao toan khéi luong (2.1), dong luong (2.2) va ning luong (2.3)) va phuong
trinh bao toan ning lwong trong khéi ran (2.4) [67], [95].

Feoloi)-0 =
%(pl])+§(pl]a+ pg—;)zp? (2.2)

%(pE)+§{pG(E+£)—;-a+a}:pf_:l] (2.3)
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& day p — khéi luong rigng, U - véc to van téc dong, p — ap suit caa dong khi, 7 -
@ng sudt nhot, f - gia téc dong khi do luc tac dung vao khéi khi (luc trong truong,
luc dién tr), E — nang lwong toan phan, a - véc to dong nhiét.

Trong céc khéi rin viéc bao toan ning lwong bao gdm cac yéu té dao dong
phan tir, dan nhiét va ngudn nhiét thé tich [12]:

@Jrv-(pusEs):v-(AyT)JrsE (2.4)

& day us, Es, p, As tuong ung 1 van toc, entanpy, khéi lwong riéng va hé s6 dan nhiét
cua khdi ran, Se — nguon nhiét thé tich.

Déi véi truong hop bai toan on dinh theo thoi gian ta bo cac thanh phan thoi
gian trong cac phuong trinh (2.1)+(2.4). Ngoai ra, hé phuong trinh Navier-Stokes
khong phai 12 hé phuong trinh kin, chling gém 2 phuong trinh vo hudng va 1 phuong
trinh véc to cho 6 bién (p, p, ui, E). Do vay can thém cac phuong trinh quan hé gitra
c4c bién p, p, nhiét @6 T, nang luong E, Gng suat nhoét zij, véc to dong nhiét gi. Khi
coi dong khi 1a dong 1y tuong ta c6 mot s6 mébi quan hé sau [67]:

k
p=pRT; CT =_(k—p1)p_; C,T =—(k_i)p (2.5)
Trong dé: Cy, Cp — nhiét dung riéng dang tich va dang &p cua dong khi; k — hé s6 doan
nhiét caa dong khi.
Viéc trao d6i nhiét trén bé mat thanh vach thoa man cac diéu kién [19]:

s . , oT. oT,
Tai sat be mat thanh vach y=0: u=0, Tw=Tws, A : =Al — ;
YN )y Y )oo

Tién ra khu vyc giita dong y 200 U Uw, T 2T

2.2.2. Mé hinh chay réi trong RANS

Khi trung binh hoa gia tri f ta coi nd bang tong cua thanh phan trung binh va
thanh phan xung: f=f+f; f =0 [108]. M hinh réi Ia mot quy trinh tinh toan
nham muc dich dong kin hé phwong trinh Navier-Stokes, trong d6 nhirng thay doi Ion
hay nho déu c6 thé xac dinh dugc. Muc tiéu chinh cua tinh toan k§ thuat 1a xem xét
cac tac dong cua su rdi 18n gia tri trung binh caa dong chay.

CFX chtra hau hét cac loai md hinh rdi, trong d6 da sé 1a cac md hinh RANS
[11], [12] : None (Laminar), k-g, Shear Stress Transport (SST), BSL Reynolds Stress,
SSG Reynolds Stress, k-Epsilon EARSM, Zero Equation, RNG k-Epsilon, k-o, Eddy
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Viscosity Transport Equation, BSL, BSL EARSM, LRR Reynolds Stress, QI
Reynolds Stress, Omega Reynolds Stress. Mé hinh toan cua mét s6 md hinh rbi co
ban dugc trinh bay dudi day.

2.2.2.1. M6 hinh k-¢

M6 hinh k-¢ do Jones-Launder dé xuét, tap trung vao co ché anh huéng dén
dong ning réi. Pong ning tic thoi cua dong k(t) 1 tong cua dong ning trung binh K
v6i dong ning réi k [95].

K=%(U2+V2+W2)

k:l(u_uruﬁ) (2.6)
2

k(t): K+k

Téc do bién dang sij va tng suat rdi 7 duoc viét dudi dang ma tran

Sxx Sxy sz Tyx Txy Ty,
SIJ = Syx Syy vz |? Tij = Tyx Tyy Z'yz
Szx Szy Szx T sz T

Tuong ty nhu dong nang ta cling ¢6 S; (t) =S, + Si'j :
Pong ning trung binh va dong ning réi duoc biéu dién dudi dang [95]

8(IaotK)'eriV(/OKU): div(_PU +24US; _PUKU‘J')_Z'USU +p'm‘sil’ (2.7)

%+div(pku):div[—pu +2,uusij—p%ui-uiujj—z,usij-sij+p-uiuj-Sij (2.8)

Thanh phan 2us;-s; trong phuong trinh (2.8) thuong dugc dac trung boi do

phan tan ri ¢

£=2Vs;-S; (2.9)
M6 hinh k-¢ tiéu chuan (Launder va Spanlding, 1974) 1a mé hinh hai phuong
trinh, mot cho k va mot cho &. St dung k va & dé dac trung cho ty & van toc L va
chiéu dai dic trung | caa chuyén dong réi [95].
3/2 2

U=k1/2;|=k—' ,th=CﬂpU|=pCﬂk—
£

’
&

Trong d6 C, - hiang sb khdng thi nguyén, p —khdi lugng riéng ciia mi chét.
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o( pk
%+div(pkU):div{& gradk}zytsij S, — pe (2.10)
Oy

2
&

k
Trong cac phuong trinh nay duoc cho truéc cac hiang sé ox=I, ¢:=1,3;
C1=1,44; C»=1,92; C,=0,09 [95]. Déi voi trudng hop dong chay véi sé6 Reynolds
2,5
P 1+R—T ) ez
thdp thi C,=0,09e *: C,, :2(1_0,3e*RT); R, =2° [95].
su

(2.11)

&

%’08) +div(peU ) = div{& gradg} +C,, EZ,utSij -S; —Cp.p
o

2.2.2.2. M6 hinh k-w
Trong mé hinh k-g, d6 nhét dong hoc rdi v 1a san pham cua ty 18 van toc
3/2

v2 . <A N e A A . . A < L.
v=k"" va chiéu dai dic trung | =——. Toc d@o khuéch tan cua dong nang roi €
£

khong phai 1a théng sé duy nhat dé do chiéu dai dic trung. C6 nhiéu mé hinh hai
phuong trinh duge dua ra, tuy nhién noi bat 1a mé hinh k- do Wilcox dé xuét (1988,
1993, 1994), str dung tan s réi w= &/k (thr nguyén 1a s1) nhu 1a bién th hai. Khi d6

chiéu dai dac trung | = ’\/% . Do nhot réi dugc thé hién qua phuong trinh:

w=" 212)

Ung suat Reynolds dugc tinh nhu binh thuong trong cdc mé hinh hai phuong
trinh voi biéu thirc Boussinesq [95]

— 2 ou, U, 2

Ty = —pUl; = 2443, _gpkdj = H (a_xj"‘gllj—gpkaj (2.13)

Phuong trinh bién doi cho k va w cho dong chay réi véi sé Re cao duoc viét
dudi dang
o( pk . . «
_(g ) + dlv(pkU ) = d|va+ﬂ]grad (k)} +B. - pko (2.14)
Oy
0(po)

+div(pal ) =
(2.15)
i 2 oU.
- d'VKﬂ“‘fJ grad (0))}"'71(2/7&1&1 _§Pw87'5u}_ﬁ1,00)2

@ j
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oday R :{Zﬂtsu S —gpk%uli@,J
Trong md hinh nay c6 cac hang sé sau: ox=2,0; 6,=2,0; y1=0,553; $1=0,075;
£7=0,09 [95].
M6 hinh k- ® duoc quan tam vi khong doi hoi thém ham gan véch véi s6
Reynolds thap. Gia tri cua dong ning rdi k trén vach duge dit bang 0. Tan sb réi o
¢6 xu hudng tién téi vo ciing & trén vach hodc theo Wilcox (1988) xac dinh bang

duong hyperbol o, = %yz . Thyc té cho thay két qua khong phu thudc qué nhiéu
1JpP

vao do chinh x&c cua gia tri nay.

Tai dau vao, c4c gia tri cua k va o can duoc x4c dinh, tai dau ra cac diéu kién
gradient bang 0 thuong duoc st dung. Piéu kién bién cua o trong dong chinh (dong
nang rbi k>0, tan s6 réi w->0) la van dé kho giai quyét. Phuong trinh (2.12) cho thay
d6 nhot rdi tién toi vo cing hoac khong xéac dinh khi w0, do d6 phai xac dinh dugc
gid tri ® du nd nho.
2.2.2.3. M6 hinh SST

Menter (1992) khang dinh két qua cua md hinh k-g it nhay cam hon véi cac
gia tri gia dinh trong dong chinh, nhung khi gan vach két qua lai khong dat yéu cau
Vi cac 16p bién va gradient ap suat. Do d6 ong di dé xuat mé hinh lai sir dung mo
hinh k- & trong dong chinh, con chuyén thanh mé hinh k- @ & gan vach. Ung suat
Reynolds ctia phuong trinh k dugc tinh binh thuong nhu trong mé hinh k- ® cua
Wilcox, nhung & dugc bién thanh w bdi phuong trinh e=k.w. Tuc la:

@Hﬁv(pwu )= diV[(wL‘Jgfad (w)]+

o

,

(2.16)
ouU p oK ow

e {zpsijsij —%pa)gj'é‘ij J — Bop0” + zaaa

So sanh voi phuong trinh (2.15) ta thay phét sinh thém thanh phan cubi ciing

cua vé phai, ddy 1a khuéch tan chéo, phat sinh trong chuyén dbi trong phuong trinh

e= kw. O day st dung cac hang s6: ox=1,0; 65,1=2,0; 0w,2=1,17; y2=0,44; >=0,083;
£°=0,09 [95].
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2.2.3. Mé hinh I6p bién gan thanh réin

Cac nghién ctu ly thuyét va thuc nghiém cho thy rang gan thanh rin ton tai
mét dong chay co chiéu day rit mong vai céc tinh chat dic biét, duoc goi 12 16p bién.
Lép bién nay c6 thé chay & dang chay tang va chay réi. Béi véi 1op bién chay rdi
duogc chia thanh hai vang [1] (Hinh 2.4):

- Vung ké thanh rin: Chiém khoang 10+20% tong d6 day gan thanh ran, ang
suit tiép bao gdbm rng suat nhét gan nhu 14 hiang sb va ¢ng suat rdi. Lép nay gém hai
vung:

+ Lép tuyén tinh phu: Lép ngay sat thanh ran, c6 trang thai chuyén dong rat
gan vai chay tang, tng suat nhét dong vai trd chinh.

+ L6p theo quy luat logarit: Lép chuyén tiép sang ving 18i réi, & day ton tai
ca hiéu &ng nhét va rdi va ching c6 gié tri twong duwong nhau.

- \Vung 16i réi (theo quy luat vét): ton tai ca hai hiéu tng la nhot va réi nhung
g suat roi chi phéi, hay ndi cach khac 1a xao tron réi dong vai tro chii dao, con lyc
nhét ¢é thé bo qua.

Y A

i Lép roi

L&p logarit

/ Lép tuyén tinh phu
v

y : "
A/ :

Hinh 2.4. Md hinh dong chay gan bé mat thanh ran [11]
M6 hinh vat Iy dong chay gan bé mit thanh rin duoc biéu dién trén Hinh 2.4.
M6 hinh toan hoc cua CFX 1a su phét trién caa phuong phép do Launder va Spalding
dé xuét. Van téc dong ¢ gan vach duoc xac dinh theo quy luat logarit, tic 1a van téc
khong thir nguyén u* va hé s khdng thi nguyén y* ¢6 mdi quan hé sau [12]:
LU 1 .
u=—t=—In(y")+C (2.17)

T
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1

y =P {T_] (2.18)
L H . P . . .

& day u™ - van toc gan vach, u, — van toc nhaot, Uy — van toc tiep tuyén vai vach ¢

khoang cach Ay so véi vach, y* - hé s6 khong thi nguy@n tinh tir vach, x — hing sé

Karman, C- hang sé cua I6p logarit.

Theo tai liéu [11], d6i véi bai toan md phong luc twong tac hodc trao ddi nhiét
gitta mdi chat va thanh vach nén sir dung mé hinh réi SST, 6 dau tién caa ludi nén co
y* < 1 véi hon 10 nut trong 16p gan thanh véch, ty 18 tang chiéu day khong qué 1,2.
Cac khuyén céo nay nham muc dich phan giai day du cac gradient trong 16p tuyén
tinh phu, nhung né sé& lam tang dang ké kich thudc ludi.

Ham “Scalable Wall”

Phuong trinh (2.17) s& gap van dé khi tién sat tgi vach, khi ma u. tién vé 0.
Trong vuing logarit c¢é thé sir dung bién u” thay cho u. [12]

u ZC%K% (2.19)
Khi do
Ut
4T 2.20)
“In(y’)+C 2.
K
Ung suat tiép tuyén duogc xac dinh theo phuong trinh
T, =pul (2.21)
r A . pUA
o day ALY (2.22)
7,

Mot trong nhitng nhuge diém chinh caa céch tiép can nay 1a két qua tinh toan
phu thudc vao vi tri gan vach nhat, tic 1a nhay cam véi viée chia luéi gan vach. CFX
da dua ra phuong an phat trién dé khac phuc han ché nay, d6 1a sir dung bién s6
y =max(y,11.06), & day 11,06 la gia tri ctia y* tai diém giao ct giita ving logarit
va viing tuyén tinh. Gia tri bién cua téc do phan tan trong ving logarit duge xac dinh
theo phuong trinh

« (~3/4
pu C,u 3/2

g:y*ﬂ pals (2.23)
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Hiéu chinh “Automatic Near-Wall ” trén nén tang mé hinh o

Mic di mé hinh vach & trén c6 phép tinh chinh ludi tt, nhung ching dwa trén
c4c gia dinh vat ly c6 van dé, dic biét 1a trong cac dong chay vai s6 Re<108, vi phan
I6p con (16p tuyén tinh) bi bo qua trong phuong trinh can bang khéi luong va dong
lwong. Do d6 sai sé trong d6 day dich chuyén co thé 18n téi 25%. Khic phuc diéu do,
cong thirc ciia Wilcox s& ty dong tinh dwoc cho ca trudng hop gan véach khi Re thap,
d6ng thoi tinh dwoc cho ca 16p logarit va 16p tuyén tinh gan vach. Phuong trinh dong

luong cua dong dugc xac dinh nhu sau [12]:

F,=—puu’ (2.24)
4
U = ﬁ‘ﬂ‘ k) (2.25
L) >
u, = {f(ur) +(u)’ (2.26)
vis _ ﬁ& . yqlog U
u” = p‘Ay‘ p Ut = (2.27)

1
“log(y")+C
log(y")
Gia tri o trong cac vung logarit, tuyén tinh va chuyén tiép dugc xac dinh trong
ung voi phuong trinh (2.28)+(2.30):

u” 1 u
@=——=— (2.28)
aKy akvy
by
o, = ﬂ(Ay)z (2.29)
2
v, = o, 1+(ﬂ] (2.30)
a)S

Trong mo hinh véach, diém dau tién duoc coi nam & ria ngoai 16p tuyén tinh, &
ché do Re thap diém dau tién duoc chuyén xudng vi tri thap hon khi dugc tinh chinh.
Trong md hinh vat ly, diém dau tién nam trén vach (y=0), tuy nhién khi tinh toan né
c6 khoang cach veéi vach, diéu nay gay ra sai s6 [12].

2.2.4. M6 hinh trao déi nhiét qua vich
Thong lugng nhiét dugc tinh theo phuong trinh

q=h(T,-T;) (2.31)
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Trong trudng hop dong chay tang hé sb trao dbi nhiét h duoc tinh tir thong
lwong nhiét q (phuong trinh (2.31)). Trudng hop chay rdi, dé tim duoc q ta st dung
bién nhiét a6 khdng thar nguyén T+ [12]:

. pCu (T, -T,) 232)
T" ‘
& day Tw — nhiét d6 caa vach, Ts — nhiét d6 dong khi gan vach.

Ddi véi lua chon “Scalable Wall Functions” va “Automatic Wall Treatment”

thi T* duogc xac dinh twong rng theo cac phuong trinh sau [12]

T =212In(y’)+p (2.33)
T*=Prye™ + [2,12In(y*) + ﬂ} e[_rlj (2.34)

LU roY 0,01(Pry’)’
Trong d6 y =u4ﬁ: ﬂ={3,85Pr3—1,3J +2,12In(Pr), I'=—— 3 5(P 3y2
v +5Préy

2.3. Ly thuyét tinh toan diéu kién bién cho dong khi chay qua mang canh phun
tuabin cao ap

2.3.1. Muc dich va phwong phdp tinh todn diéu ki¢n bién

Trong md hinh md phéng cho nguyén mau canh phun xay dung trong ANSYS-
CFX can thdng s6 diéu kién bién 1a ap suat, nhiét do dong khi trudc va sau canh phun.
Cac thdng sb nay chua dugc cung cap trong céc tai liéu cua dong co (thuyét minh ki
thuat [114], huéng dan khai thac van hanh [116], Iy lich dong co [115]) va cac tai liéu
do nha san xuat cong bd. Do vay can thiét xay dung 3 mé hinh tinh toan nhiét khi
dong bang céach két hop phan mém chuyén dung Gate Cycle va phan mém Matcad
(Hinh 2.5);

M©& hinh 1- M hinh chu trinh nhiét so bo;

M6 hinh 2- Mé hinh tinh toan théng sé nhiét dong tang tuabin cao ap;

M® hinh 3- M6 hinh tinh toan chu trinh nhiét day du.

Pau tién, mé hinh 1 duoc st dung dé tinh toan chu trinh nhiét (Xem muc
2.3.3.1 va bai bao 1, 2), do trong ly lich va thuyét minh k§ thuat chi dua ra ty s6 tang
&p chung cua toan bo may nén [114], [115]. Két qua ciia mé hinh nay dugc 1am thong
s6 dau vao cho md hinh 2 (muc 2.3.4), trong mé hinh 2 tir théng sb hinh hoc cua tang
tuabin cao &p, két hop véi cac phuong trinh nhiét dong hoc dé tinh toan ty sé giam
&p, cong cua tang tuabin cao ap. Két qua vé cdng cua tuabin cao ap duoc ding dé tinh
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toan ra cdng ciia may nén cao ap va tinh toan chi tiét chu trinh nhiét day du cua toan
b6 dong co trong mo hinh 3 (muc 2.3.3.2).

Hinh 2.5. Trinh ty tinh toan va cac mod hinh tinh toan
COM- may nén turong duong (gdm may nén thap ap va cao 4p); CT —tuabin twong
duong (gdm tuabin thap &p va cao ap); PT —tuabin chan vit; LC — may nén thap ap;
HC — may nén cao 4p; HT — tuabin cao ap; LT — tuabin thap &p

Két qua tinh toan tir md hinh 1 va mé hinh 3 bao gom: nhiét d6 sau tuabin
thip 4p (trudc tuabin chan vit), suit tiéu hao nhién liéu, cong suat cua dong
co,....duoc so sanh véi thdng sé cung cap trong tai liéu [115] va thuyét minh ki thuat
cua dong co [114], théng sé van hanh caa dong co trén tau HQ375 (Xem phu luc 1).
Khi ¢6 su sai 1éch 16n can hiéu chinh lai cac hé sé lva chon (hiéu suat cAc may nén,
tuabin, budng dét, ton that ma sét,...), 1am lién tuc nhiéu vong nhu vay s& thu duoc
két qua tinh toan nhiét khi dong co du dd tin cay, két qua dugc chap nhan khi sai léch
dudi 5%.
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2.3.2. Tinh todn nhiét khi dpng véi diéu kign nhi¢t dung riéng bién thién theo nhiét
do dong khi

Trong da sb cac bai toan tinh toan chu trinh nhiét va nhiét khi dong cua
DCTBK cac tac gia thuong coi nhiét dung riéng caa mdi chat cong tac 1a hang sb (dbi
vé6i khong khi coi C,=1005 J/kg.K, ddi voi khi trong tuabin C,=1165 J/kg.K [127],
[128]). Tuy nhién céc cdng trinh nghién ctru d3 chi ra rang, nhiét dung riéng caa khi
bién thién theo nhiét do va ap suat [127], [141], trong d6 anh hudng cua nhiét do 1a
ro rét hon.

Trong qué trinh nén khéng khi trong may nén va gidn né trong tuabin, nhiét
dung riéng dang ap duoc xac dinh theo phuong trinh Cp = kL—l R. Trong dé theo
[127], [141]: dbi véi khong khi thi hé s6 doan nhiét k phu thudc vao nhiét do T (K)
theo phuong trinh

*

T

VGi a=1,4294; a1=-0,091 con hang s6 khdng khi R=297,3 J/kg.K
Khi d6 nhiét dung riéng dang ap cua khong khi dugc xac dinh bang phuong
trinh phu thuoc vao nhiét @6 T* [K]

C,(T)=R-|1+ = (2.36)
(ap—1)+a, - ——
Do6i véi khi chay thi hé sd doan nhiét phu thudc vao nhiét o6 T* [K] theo
phuong trinh:
* * 2
K, :b0+b1-1gm+b2-(1ng (2.37)
véi bo=1,429; b1=-0,144; b,=0,034, con hing sé cua khi chay R=289 J/kg.K.
Khi d6 nhiét dung riéng dang ap cua khi chay dugc xac dinh bang phuong
trinh phu thuoc vao nhiét ¢o T

1
C, (M) =R, |1+ (2.38)

* * 2

T T
b,-1)+b-——+b,-| —
(b, =1)+b, 1000 ° (1000)
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2.3.3. Ly thuyét tinh todn chu trinh nhigt PCTBK tau thiiy khi xét t6i sw bién thién
ciia nhiét dung riéng
Céc thong so cho trueéc:

Ty s ting ap chung cia may nén (”éOM ) bang tich ty s6 ting ap ctia may nén
thap &p (7. ) VA May nén cao &p (Tnc): Meoy = TLc My tur tai lieu [115];

Nhiét 6 sau tuabin thap ap (truéc tuabin chan vit) TI_*T tu tai liéu [115];

Luu Iwong nhién liéu Gt cap cho buong dét tir tai liéu [115].
2.3.3.1. Tinh todn so bo chu trinh nhiét DPCTBK

Théng sé dau vao may nén
Ap suét va nhiét o toan phan tai dau vao may nén:

ko
k,—1 ko1 « k,—1
° ship) O s Tin:TO'(1+ 02 'Mszhipj

.M?2

p; = Po '(1"‘

Trong dé: po, To, ko 1a &p suat, nhiét d6 va hé sé doan nhiét khong khi cia moi truong;
Mship - $6 Mach cua tau; oin - hé s6 bao toan &p suat trong duong dan khi nap vao dong
0. Vi Msnip rat nho nén co thé viét lai phuong trinh nhu sau:
Pin = Po * Oin Tin :TO (2.39)
Tinh toan théng sé sau may nén
Nhiét d6 toan phan dang entropy sau may nén T, duoc giai tir phuong trinh [127]:

1

( 1) T (29-1)

* * — =+ . In

Kooy = Teoms ) Tooms | % % 1000 (2.40)
Tin Tin (ao _1) +a,- TCOMS

1000
Cong nén dang entropy ctia may nén:

com”
* * *

HEOMs = I di: = ic*:ovvls _i; = Teows 'Cp (TCOMS)_Tin 'Cp(Tin) =

(2.41)
=R Toows | 1+ L = ~T |1+ 1 ==
_]_ + . _COMs _]_ + L in
(& -1)+a- 05 (& -1)+ay- oo

Cong nén khong khi trong may nen
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*

H
Loy = —-ooue (2.42)

Mcom
O day 7coy - hiéu sut ciia may nén;
Nhiét d6 toan phan sau may nén (T, ) duoc giai tir phuong trinh:

Leom :TC*OM 'Cp (T(;OM )_Ti: 'Cp (Ti:) =

) ) (2.43)
=R-<{Teom -1+ ! = T, -1+ ! =
(& -1)+a -0 (& -1)+a -0
Ap suat toan phan sau may nén ( Peoy ):
p::OM = EEOM ' p; (2.44)

Tinh toan nhiér dg trueéc tuabin (nhiét do sau budng dot)
Cong cua hai tuabin dugc xéac dinh theo phuong trinh

Ler = —Loon (2.45)

Mwte “Ver

. . . L G —
6 ddy Myt - hiéu suat co khi cua b tuabin -may nén; v, = G_g = (1+ my )-(1— 9.)-
A

hé s6 cua luu luong khi chay qua tuabin so véi luu luong khdng khi qua may nén, phu
G

R 7 R . r R \ 7 f . N
thudc vao hé so Ivu lugng nhién li¢u cap vao buong dot 9 = W vaty I¢ khdong
(1

C
khi di 1am mat tuabin thap 4p gc=G¢/Ga.
Nhiét d6 toan phan ctia dong khi truéc tuabin (nhiét do sau budng dét) T, duoc

xéc dinh bang cach giai phuong trinh:

. 1 o\
Ler =R, Ty [ 1+ - = 5 |—Coq (TLT).TLT (2.46)
b,-1)+b-—2—+b, | 2
(o ~1)+b1- 500+ (1000}

Ap suat toan phan cua dong khi sau budng dot p, duoc xéc dinh tir phuong

trinh P, = Peom * Occ ; 0cc=0,965+0,975 - hé s bao toan ap suét trong budng dét.
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Tinh toan hé sé luwu lwong nhién li¢u cia buong dot

Hé s6 Iuu Iuong nhién liéu gr x4c dinh tir phwong trinh can bang nhiét luong
|:Cpg (T;) 'Tg* _Cpg (Tl:) T|;:| _|:Cp (T(?OM )'T(:OM _Cp (TI*)TI::|

Qf min *Tcc _|:Cpg (Tg )Tg _Cpg (Tin)'Tin]
O day #cc - hiéu suat ciia budng dét; Qmmin - nhiét tri thip cua nhién liéu, d6i véi nhién
lieu diesel, PCTBK tau thuy va hang khéng thi Qmin €O gia tri twong trng 42900,
41870, 42950+43160 kJ/kg [127].
Tinh toan luu lwong cua dong khi

g = (2.47)

Luu lugng cia dong khong khi dugc xac dinh bang phuong trinh

G 5
= 2.48
g O¢ (1_ gc) ( )
Luu lugng cua dong khi chay qua tuabin chan vit

G, =G,[ (1+9,)-(1-g.)+g. | (2.49)

2.3.3.2. Xdc dinh théng sé chu trinh nhiét DPCTBK

Két qua nhiét 4o, ap suat toan phan cua dong khi sau budng dét tai muc 2.3.3.1 1a
thong sé dau vao dé tinh toan tang tuabin cao ap tai muc 2.3.4. Két qua cong quay cua
tuabin cao ap L, duoc dung dé tinh toan théng s6 dong khi giira cac may nén va tuabin.

Tinh toan may nén thap &p

Cong cuia may nén Lcom bang tong cong caa may nén thap ap Lic va cong cua
may nén cao ap LHc:

Leow = Lic T Lic ‘(2-50)

Cong ctia may nén cao ap dugc xac dinh theo phuong trinh can bang nang

lugng trong b may nén - tuabin cao ap:

Lic =L Mhire Virre (2.51)
& day Tre - hiéu suat co khi ciia bo tuabin - may nén cao ap

Vire = % - (1+ g, ).(1_ g.)- hé s6 cua luu luong khi chay qua tuabin cao
A

&p so voi luu lwgng khdng khi qua may nén, phu thudc vao hé sé luu lwong nhién lidu

G, G
——— vaty lé khong khi di lam mat g, =—=; Ggq, Ga, G
GA(l_gc) y ¥ g gc GA g A c

— twong ung la luu lugng chay qua tuabin, may nén va luu lugng khéng khi lam mat.

cap vao budng dét J; =
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Cong dang entropy caa may nén thap ap:
Hie =L e (2.52)
& day 77, - hiéu sudt cia may nén thap ap;
Nhiét d6 toan phan sau may nén thap ap TL*C dugc xac dinh theo phuong trinh:

L. =T, -cp(TL*C)—Ti; -Cp(Ti:) x

. . (2.53)
=R-{Tc |1+ L = -T. |1+ L —
(ao_l)"'ai'ﬁ (ao_l)"'ai'%

Nhiat do toan phan ding entropy sau may nén thap ap T,, duoc xac dinh theo

phuong trinh:

* *

Hics =Ties "Gy (TL*CS)_Ti: G, (Ti:) -

2.54
=R T |1+ ! — =T | 1+ L . (2:34)
1000 1000

Ty s6 ting ap trong may nén thap ap 7 Ic duoc giai tor phuong trinh

1

( 1) T (29-1)
* * a. — + L In
s _Ties JTie | 2°° % 1000 (2.55)
e =7~ * * .
Tin Tin (a —1)+31 . TLCs
° 1000

Ap suét toan phan sau may nén thap ap P, duoc xac dinh theo phuong trinh

Pic =7c " Pin (2.56)
Tinh toan may nén cao ap
Ty sb ting 4p ctia May Nén cao ap 7. :

7oy = oo (2.57)

¢
Céc thong sé dong khi sau may nén cao ap da duoc tinh trong phan 2.3.3.1.
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Tinh toan thong sé cua tuabin cao ap
Cong gidn nd dang entropy cua tuabin cao 4p

\ L
Hir = = (2.58)

HTs *
HT .cool

D4 voi tuabin cao &4p Mot ting 7oy =Mt Meoat s Mr = 0,86+0,92 - hiéu

suét cua ting tuabin khong lam mat ; 77, - hé s anh huéng cua viéc 1am mat canh
phun va canh cong tic t6i hiéu suét ting tuabin (77, =0,98+0,93khi
gc=0,030,06).

Nhiét do dang entropy cudi qué trinh gidn no TH*TS trong tuabin cao ap dugc

xac dinh theo phuong trinh:

* * * * 1
HHTs:Cpg(Tg)Tg—Rg T | 1+ - — (2.59)
(b0—1)+b1-1()'gi)+b2-(1(*;&)j
Ty s6 giam ap trong tuabin cao ap )
1
i N \ ECE!
- TV bz.[lTC;'(;SOJ +b1-1T6'850+b0—1
72'* = 9 . 9 X
" THTs (THTS) T ? T
b, | =% | +b-—Y +h, -1
1 1000 1000 °
L i (2.60)
T T ]
2‘b2' s HTs . (—A)
exp (-b) arctg 1000
X .
(by~1)(-2) A+| 2.6, |20, T
1000 1000

trong d6 A =07 —4-b, - (b, —1)
Nhiét do toan phin cua dong khi sau tuabin cao p T,,; duoc xac dinh bang

cach giai phuong trinh:
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- \ 1
Lir =Cpo (Ty )Ty =Ry -Top | 1+ - m—— (2.61)

b,—1)+b - " +p, | T

] (% =2) 5,150 * P (1000} |

Ap suat toan phan sau tuabin cao &p Py :

. P,

P =— (2.62)
Tur

Tinh toan tuabin thap ap
Cong cua tuabin thap ap dugc xac dinh tir phuong trinh can bang nang luong
gitra tuabin va may nén thap ap

I‘LC

L, = (2.63)

Moite “Vite

& day Tyure - hiéu suat co khi cua bo tuabin - may nén thap ap;

Vi = % =(1+9)-(1-g,)+g.-he s6 cta Iuu Iuong khi chay qua tuabin thap

A

ap so véi Iuu lugng khong khi qua may nén thap ap, phu thudc vao hé sb Iuu luong nhién

liéu cap vao buong dot ¢, :L va ty I€ khong khi di lam mat tuabin thap ap g, = —

G,(1-9.) G,
Cong gian nd dang entropy trong tuabin thap ap
. L
HY, = —t (2.64)

71T cool
Déi v6i tuabin thip ap mot tAng 71y =1 Moot Ty =0,91+0,93 - hicu
suat cua tang tuabin khong 1am mat.
Nhiét d6 toan phan dang entropy cua dong khi sau tuabin thap ap dwoc xac
dinh bang céach giai phuong trinh:

1

*

LTs

H 1+

=Cyp (Tt ) Tor =Ry -1,

g 'LTs”

(2.65)
T

1000

(bo _1)+b1'L*TS+b2(

* 2
TLTs
1000

Hé s6 giam ap trong tuabin thap ap duoc xac dinh bang phuong trinh:
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2 x 2(by-1)
. . N2 | by T +b1-£+b0—1
R (THTJ 1000 1000
T — . . X
LT -I-* T* * 2 *
LTs LTs b, . Tt b Tt th 1
? 11000 1000 °
- o . (2.66)
2.b2.[THT_TLTsJ. /(—A)
cex (b)) 1000
P (b, —1)( A)' ardtg T, T
AN ~A+|2:b,- " +b |-|2:b,- LT+
I [ ? 1000 blM ? 1000 blj_

Nhiét d6 toan phan cua dong khi sau tuabin thap &p TI_*T tur tai liéu [115].
Ap suét toan phan sau tuabin thap ap
_ P

P =—F (2.67)

LT
Tinh toan tuabin dong luc (tuabin chan vit)

Ap suat va nhiét o toan phan tai dau vao tuabin chan vit dugc xac dinh tur

phuong trinh:

*

’ p:’T.O = piT "Opr; T;T.g :TL~T , (2.68)
O day opt - ty SO bao toan ap suat trong doan ong dan tir tuabin thap ap tai tuabin chan
vit (op7=0,990+0,995), trong truong hop c6 bd phan dao chiéu thi hé sé nay thap hon.
Hé s6 giam ap trong tuabin chan vit:

Mot = Pero (2.69)

Per
Trong d6 ap suit sau tuabin chan vit biang tong &p suat moi trudng va ton that
&p suat trén dudng thai:
Por = Py + Ay, (2.70)
Nhiat do khi thai dang entropy sau tuabin chan vit (To;,) duge xac dinh bing

cach giai phuong trinh:
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N - 2(0p-1)
. . N2 | by Tor, +b1~h+b0—1
Toro [ Toro 1000 1000
T . T . T 2 T *
PTs PTs b,-| —PTO | 4h PO 4h —
i 1000 1000 | 2.71)
Toro—Tn |
2.h,.| tpro = lems | fZA
(-by) 2 ( 1000 j )
TEWE T T
oSN ~A+|2-b,- P 4+ || 2:b, - P+
( ? 1000 blj( ? 1000 blj_
Cong dang entropy cua tuabin chan vit duoc xac dinh bai phuong trinh
HPTs = Cpg (TFTTO)'TP*TO _Cpg (TI:TS).TI:TS (272)
Cong cua tuabin chan vit
Lor = Hprg 76 (2.73)

Trong d6 net - hiéu suat cua tuabin chan vit, nam trong dai 0,80+0,86.

Nhiét do toan phan cuia dong khi sau tuabin chan vit (Tor ) duoc xé4c dinh thong

qua giai phuong trinh:

* * * 1
Ler =Cyy (TPTO)'TPTO_Rg Tor | 1+ T TV (2.74)
b,—1)+b - +h, .| T
(b -1)+b 1000 * (1000}

Céc thong so danh gid hiéu qud ciia PCTBK
Cong suat cia PCTBK:
Ne = I‘PT 'Gg 'nm (2'75)

trong d6 7m - hiéu suat co khi cua tuabin chan vit va bo giam toc

Suét tiéu hao nhién liéu:

G, -3600
g, = fN— (8/kW.h) (2.76)

e

Hiéu suit cuia DPCTBK:
N, 3600

€

) Gf 'Qfmin B be'Qfmin

. (2.77)
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2.3.4. Ly thuyét tinh todn nhigt Khi déng ting tuabin cao dp

2.3.4.1. Tinh to&n nhiét khi déng tang tuabin cao dp tai mdt cdt trung binh

Budc 1: Xac dinh goc caa dong khi theo goc hinh hoc cua bién dang canh va
tai liéu khuyén céo [135] vé goc tan (i), goc tach (3).

Budc 2: Tinh toén tiét dién luu théng (F) tai cAc mit cét cua tang tuabin cao
&p (Hinh 1.2) tir théng sb hinh hoc cua tang tuabin cao ap (Bang PL1- 1 — Phu luc 1).

Budc 3: Tinh toan théng sé dong khi tai dau vao va dau ra thiét bi phun

Van téc dong duge tinh theo phuong trinh luu lugng

G-I (2.78)

S, (T*)' p-F Ky
Trong d6 Kg 12 hang sé duoc lya chon theo tai liéu [135].

q, =

Xéc dinh cé&c thdng s6 vé van toc, &p suat, nhiét do tinh theo cac ham khi dong
c6 xét dén anh huang cua nhiét do téi he sé doan nhiét k
Xéc dinh hé s6 van toc A thong qua ham luu luong quy doi

" kg(T*)+lkg(Tl*)1 k (T)-1 W)
Q(ﬂ,T )—ﬂ[ml &W.ﬂ J (2.79)

Trong d6 hé s6 doan nhiét kg dugc xac dinh theo phuong trinh (2.37).
Ham &p suat toan phan

p(ﬁv’T*) _ p* |1 kg (Ti)_lﬁ/z kg(T )_1 (280)
P Ky (T )_1
Ham nhiét d6 toan phan
T k (T7)-1
T(4T ):Fﬂ_—kz ET*;HiZ (2.81)
Van téc am thanh téi han
oo [ 2(T)
CH (T )_\/W Ry T (2.82)
Hé so trong phuong trinh (2.78)
ko (T7)+1

8,(T7) = {#J() L) (2.83)
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Budc 4: Tinh toan van téc dau ra banh cong tac va cong quay cua banh cong tac

Van téc dau ra cua dong khi tai banh cong tac duoc tinh toan theo phuong
trinh luu lwong (2.78) va ham luu luong quy doi (2.79), trong d6 bude dau tién ta gia
thiét cac thanh phan nhiét do T,", ap suat p,” trong cac ham (2.79) , (2.80), (2.83) c6
gia tri bang To", po”.

Cong quay cua banh cong tac dugc xac dinh theo phuong trinh

L, =u,-w, +U, "qu ’ , (2.84)

Trong d6 ug,Uz, Wiy, W2y turong rng la van toc dai, van toc tuong doi theo chiéu quay
tai dau vao, dau ra banh cong tac. Cac gia tri van toc trong ddi theo chiéu quay wy
hoan toan c6 thé xac dinh khi biét van téc tuyét dbi ¢ va goc dong khi.

Budc 5: Tinh toan hé s6 giam ap, nhiét do, 4p suat sau banh cong tac

Tir két qua cong quay cua banh cong tac ta xac dinh cong dang entropy (Hst) va
cong c6 ich trén truc (Ls) bang cach nhan véi cac hé sé c6 ich tuong tng. Xac dinh
nhiét do toan phan ding entropy T2s" sau ting tuabin bang cach giai phuong trinh [127]

*

Hy =¢o (T,

)

*

. To

-R

g

*

T, -1+

1

2s

b,—1+b, -

*

TZS
1000

+b2-[

*

T

2s

1000

;

(2.85)

Xac dinh nhiét d6 toan phan sau banh cong tac T," tir phwong trinh [127]

* * * 1
Lst = Cpg (TO )TO - Rg 'TZ 11+ T* T* 2 (286)
b,—1+b-—2-+b,-| 2
- % 1000 " [1000} |
Hé s6 giam ap cua tang 75" duoc tinh theo phwong trinh [127]
1
- * 2 * 1] 2k
« N2 | by T +b, - Tas +b, -1
« T, T, 1000 1000
7Z-St = T* . T* . T* > T* X
T bz(lo(c))oj B 000 T 7t
L = (2.87)
T, -T, |
2.p. .| 20" T2s | (A
o o N
X exp -| arctg " ~
(bo_l) (_A) A+ 2b2 0 +bl . 2b2 T25 +
i 1000 1000 |




58

Trong d6: A=b—4-b,-(b,—1)

Tir két qua nhiét do T2", 4p suit p2” trong budc 5 ta di tinh lai budc 4, viéc tinh
toan budc 4 va budce 5 duogc 1ap lai téi khi két qua vé van téc, ap suat, nhiét do tai dau
ra banh cong tac 1an tinh sau sai léch khdng qué 1% so véi két qua lan tinh trude do.

2.3.4.2. Tinh to&n nhiét khi déng tang tuabin cao dp tai cdc dé cao khdc nhau

Budc 1: Xac dinh quy luat van canh theo d6 cao

Cénh tuabin ciing nhu canh may nén theo d6 cao can tuan theo quy luat van
Canh Cy-ave.r=conSst, trong d6 Cy-ave - thanh phan van téc trung binh (Cy-ave=(C1u+C20)/2)
theo chiéu quay tai d6 cao cé béan kinh so véi tam lar, m 1a hé sé dic trung cho quy
luat van. V& nguyén tic m = -1,0 +1,0. Thong thudng trong tang tuabin hién dai c6
cac quy luat vin canh sau: m=1 - dinh luat bao toan tuan hoan; m=cos2a; - dinh luat
goc dau ra tir thiét bi phun 1a hang sé (az=const) [135]. Trong nhitng tang dau tién
quy luat m=cos?a1 thudng duoc ng dung hon boi vi ndé dam bao tinh cong nghé,
canh phun khéng bi van, dé dang bé tri hé thong 1am méat canh phun. Bén canh d6
g6cC a2 ciing thudng duoc tinh todn sao cho la hang sé dé dam bao tinh cong nghé cua
canh phun tang tiép theo.

Budc 2: Xac dinh van toc doc truc tai dau vao va dau ra banh cong tac theo do cao

Van téc doc truc dau vao, dau ra duge xac dinh tuong ung theo cac phuong
trinh [135]

-2m
1+ m-1 (1_pst—ave2)2 . 1_[i) +
m (Cla—ave ) rave

Ciasi = Craave - _(m1) (2.88)
m-1 L, I
. ae . (1— J1-] —)—
\ ' m +1 (Clafave )2 ( pSI_ave) ( ave }
2 -2m
1+ m—l.(l_pstavez) [1_(Lj ]
_ m (Cla—ave ) rave
CZe:l—i - C2a—a1ve ) (289)

- —(m+1)
m-1 I
_ . LU—ave . '(1_pst—ave)' 1_(_'J

m+1 r
(Cla—ave )

ave
Trong d6: Cia-ave , C2a-ave- VAN tGC doc truc trung binh tai dau vao va dau ra banh

e

cong tac da tinh trong phan 2.3.4.1; ri - ban kinh tai mat cat i dang tinh toan; rave - ban
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) , . : , e
kinh mat cat trung binh; pstae — béc phan lyc tai mat cat trung binh ; ¢, ,, = 2222 ;

a—ave
ave

L= L > trong d6 Uave - VAN toc dai trung binh [m/s].
(uave)

Budc 3: Xac dinh van toc tuyét doi ¢, twong ddi w trén cac do cao khac nhau
khi d3 biét van tc doc truc va cac goc cua dong khi.

Budc 4: Xac dinh théng sb 4p suat, nhiét do cua dong khi trén cac do cao khac
nhau theo ham khi dong.

Budc 5: Tinh toan goc tuyét di & dau ra banh cong tac theo phuong trinh

[
o, =arcsin| 2 |,
CZ

Budgc 6: Kiém nghiém lai cac hé sb da lya chon bang cach so sanh van tc
quay tinh toan theo tam giac van toc vai van téc quay thuc té tir [115]. Néu sai s6 16n
hon 5% trong bat ky d cao nao thi can lua chon lai cac hé sb.

2.4. Ly thuyét dong dang trong bai toan trao déi nhiét

Trao d6i nhiét gitra dong khi va bé mat thanh véch ran bao gio ciing 14 bai toan
tong hop cua ca ba hinh thac: dan nhiét, trao doi nhiét ddi luu cudng bic va déi luu
tu nhién va btc xa. Trong trao doi nhiét cua canh tuabin, lwong nhiét truyén theo hinh
thire truyén nhiét dbi luu cudng bic chiém ty 16 cao nhat, lwong nhiét truyén theo céc
hinh thirc con lai rat nho va cé thé bo qua. Céc bién phap ting cudng trao doi nhiét &
day cling chinh 1a nham vao viéc ting cudng trao doi nhiét di luu, cu thé 1a trao doi
nhiét d6i luu cudng buc.

Trao d6i nhiét di luu 1 qua trinh vat ly phic tap, c6 thé biéu dién va tinh toan
ly thuyét théng qua hé phuong trinh Navier-Stokes, va ciing c¢6 thé nghién ctu bang
thue nghiém trén mé hinh déng dang hoic nguyén mau. Qua trinh trao d6i nhiét trong
dong co tuabin, dac biét 1a phan tuabin thuong dugc dua vé nghién ctru trén md hinh
ddng dang, 1y do 1a trong diéu kién phong thi nghiém thi thiét 1ap nguyén mau vé
nhiét do, luu lugng va ap suét cua dong khi bing vai thong sé thuc cia dong co tuabin
rat kho khin, bén canh d6 ciing do han ché vé kha ning dap tng cua cac cam bién va
thiét bi thir nghiém.

Khi nghién ciu cac qua trinh vt Iy, ly thuyét ddng dang cho phép biéu dién
cac tham sb c6 thi nguyén thanh cac tham sé khong thir nguyén. Sé luong tham sb
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khong thir nguyén thuong nhoé hon sé lwong cac tham sé ¢6 thir nguyén, dé don gian
hoa diéu kién thir nghiém va viéc tim ra quy luat vat Iy & day s& don gian hon. Moi
qua trinh vat 1y déu c6 thé mé hinh hda bing ly thuyét dong dang khi dam bao cac
diéu kién dong dang sau [108]:

(1) Bong dang vé chit lugng, c6 nghia 14 hai qua trinh c6 cing ban chat vat ly
va duoc biéu didn bai cung cac phuong trinh vi phan;

(2) Dic trung cia cac qua trinh déng dang can phai giéng nhau, ngoai trir sy
sai khéc vé céc hang s;

(3) Céac tham sb dong dang phai c6 gia tri bang nhau.

Tir hai diéu kién dau c6 thé noi rang cac qua trinh dong dang duoc biéu dién
boi cling cac phuong trinh vi phan khong thir nguyén va diéu kién bién khdng thi
nguyén. Cac ham toan hoc khdng thtr nguyén cta cac qua trinh dong dang phai gidng
nhau. Vi du cu thé hon 1a ham Nu trong phwong trinh (2.90) phai giéng nhau ¢ cac
mé hinh déng dang, dong thoi thanh phan trong ham Nu phai gidng nhau va céc tham
s6 dong dang (Re, Pr, Gr,...) cta cac qué trinh ddng dang c6 gia tri bang nhau.

Trong qua trinh trao doi nhiét, hai mé hinh duoc coi la dong dang khi luu chat
chay trong hé déng dang vé mat hinh hoc va dam bao tai moi vi tri va thoi gian cac
thdng sé dic trung c6 anh huong t6i qua trinh ciing dong dang voi nhau nhu trudng
nhiét do, van tdc, p suat, mat do, théng sb vat 1y, ... Theo [108] di véi qua trinh trao
d6i nhiét dbi luu ngoai cac tham sé déng dang vé mat hinh hoc con bao gdom:

- Tham sb dong dang vé khi dong: Re, Eu;
- Tham sé dong dang vé nhiét: Nu, Pe, Fo, Gr;

Trong d6 Re dac trung cho ty 1€ gitra luc quén tinh va luc nhét trong dong
chay, day 1a tham sb dé danh gia trang thai dong & dang chay tang hay chay réi. Tham

14 1 4 N Lo TN
so Euler— Eu = LZ Ve (trong d6 U — van toc cua dong, p — khoi lugng riéng

PUy
cua dong) dic trung cho ty 18 giita 4p suit tinh vai ung luc do van téc dong khi gay
ra, n6 c6 méi lién hé véi s6 Mach (M), néu la qué trinh chay trong kénh dén

Eu = Ap (trong d6 Ap — d6 chénh ap trong kénh dan). Theo tai liéu [108], Eu va M

2
0

anh hudng rat nho téi qua trinh trao d6i nhiét trong dong chay dudi &m (M<0,7).
Chi s6 Nu dic trung cho trao d6i nhiét & bé mat thanh ran véi chat long hoic
chat khi, n6 thuong dugc dung lam théng sb dic trung cho qua trinh trao ddi nhiét
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, , ul R _ R
doi Ivu. Tham so6 Peclet Pe = %—(trong do lo — chicu dai dac trung cua mo hinh, a

— hé sé khuéch tan nhiét) ty 1 gitta nhiét lugng truyén ddi luu véi dan nhiét. Tham
s6 Pe la tich ciia Re va tham sé Prandtl Pr: Pe=Re.Pr. Trong d6 Pr=v/a=uCp/A (trong
d6 v, u — dd nhét dong hoc va dong luc hoc, Cp — nhiét dung riéng dang ap, A — hé sé
dan nhiét) 1a thong sé vat ly caa dong mai chat, d6i véi chat khi c6 thanh phan khéng
d6i thi c6 thé coi Pr 1a hang sé.

Tham s6 Furier Fo=at/lp?> — dic trung cho thoi gian chay cua qué trinh 7 véi
thoi gian tai cau trac trudng nhiét d6 cua méi chat lo?/a, nd ty 1¢ thuan véi binh phurong
kich thudc dic trung va ty 18 nghich véi 6 dan nhiét 6 caa méi chat. Thong sé nay
dugc dung trong qué trinh nghién ciru qua trinh trao doi nhiét khéng 6n dinh phu

NPV gpATI, o ‘
thugc thoi gian. So6 Grashof Gr = =—— - (trong d6 g — gia toc trong trudng, S — hé
1%
s6 gién ng thé tich, AT=Tu-Ts — d6 chénh nhiét d6 gitta thanh vach va dong luu chat)
dic trung cho trong luc xuat hién trong dong do khéc biét vé mat do khoi.

Theo tai liéu [108] dic trung trao d6i nhiét gita dong khi véi bé mat thanh

véach duoc biéu dién dudi dang phuong trinh tong quat:
Nu=f(Rey, Pri, M, Gry, For, Tw/Ts, Lg,...,Ln, X, Y, Z) (2.90)

Trong d6 f — chi s6 ciia dong chay; w — chi sé trén thanh vach; Ly, ..., Ly — ddc trung
cho céc thdng sé hinh hoc khong thir nguyén cua hé, X,Y,Z toa do twong d6i khdng
thi nguyén cua diém tinh toan. Néu xét qua trinh trao doi nhiét 6n dinh theo thoi gian
gitta dong khi dudi am voi bé mat thanh véach thi phuong trinh (2.90) c6 thé loai bo
dugc cac thanh phan Fo, Pr, M, Gr. Di véi qué trinh trao d6i nhiét tai mang phan
phdi c6 twong tac giita dong phun va dong ngang thi sé Nusselt 12 ham s6 ¢6 dang:
Nu=f(Re;, VR, Tw/Ts, H/D, /D, DIRs, X, Y, Z) (2.91)

& day Rs — béan kinh cong cua kénh dan, ty sé D/Rs dic trung cho do cong twong ddi
cta kénh din c6 trao d6i nhiét dang mang phan phéi [27].

Theo cdng trinh [103], khi hai mé hinh dam bao hai diéu kién: thir nhat 1a c6
mot théng sb cung dugc viét bai mot phuong trinh I, = f (I1,,I1,,11,,...,I1, ) ; tht
hai 1a dam bao IT" =TI, i=1...n, khi d6 c6 thé két luan hai mo hinh c6 Iy =I1§, &
day m 1a chi s6 cia mo hinh ddng dang; p —nguyén mau. Béi chiéu véi mé hinh trao
d6i nhiét cua luan an, can xay dung md hinh déng dang dam bao c4c tham sé I71=Re;,
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IL=VR, IL=TulTs, [I:=HID, I1=S/D, I1s=D/Rs cia mé hinh ddng dang bing véi

nguyén mau s& thu duoc két qua I1g = Nu™ =TI = Nu®.

2.5. Két luan Chwong 2

Qua trinh trao ddi nhiét cua CPCA 1a qué trinh phuc tap, bao gém qua trinh
nhiét dong ctia dong khi néng va dong khi 1am mat, qua trinh trao ddi nhiét gitta dong
khi néng véi bé miat bén ngoai canh, gitta dong khi 1am maét véi bé mat bén trong
canh, qué trinh dan nhiét tai phan kim loai cua canh. Céc qué trinh nay duoc giai
quyét dong thoi bang mé hinh trao doi nhiét lién hop.

Mo hinh trao d6i nhiét lién hop dugc xay dung trén nén tang hé phuong trinh
Navier-Stokes cho khdi khi, phuong trinh c4n bang nang luong cho khéi ran, mé hinh
trao doi nhiét tai 16p bién gitra khdi khi va khéi ran. Hién nay phuong phap RANS
v6i md hinh réi SST thudng dugc st dung véi sai s6 & mac chap nhan duoc. Tuy c6
nhiéu phan mém nhung phan mém ANSYS-CFX thong dung va c6 nhiéu wu diém
nén duoc luan an lya chon dé giai bai toan trao ddi nhiét nay.

Diéu kién bién trong mé hinh trao doi nhiét lién hop 1a thong sé dong khi (&p
suit, nhiét d6) & dau vao va dau ra cua mo hinh, cac thdng sb nay duoc tinh toan tir
chu trinh nhiét cua dong co va mé hinh nhiét dong cua ting tuabin cao ap.

Ly thuyét dong dang trong bai toan trao doi nhiét cung cap co sé khoa hoc cho
viéc xay dung mé hinh trao doi nhiét dang tim phang déng dang véi mé hinh trao doi
nhiét caa kénh dan khong khi phia trong lung (hoic bung) canh, cu thé 1a théng sb
hinh hoc, khi déng va thong sb trao doi nhiét (s6 Nusselt).
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CHUONG 3. XAY DUNG MO HINH TRAO POI NHIET CHO CANH PHUN
TUABIN CAO AP PONG CO DR76

3.1. Cac m6 hinh trao doi nhiét

Nhu da trinh bay & muc 1.4.1, cac cong trinh nghién ctru taing cuong lam mat
canh tuabin bang mang phan phéi c6 thé st dung md hinh nguyén mau canh hoic md
hinh vat Iy ddng dang. St dung md hinh nguy&n mau canh [68], [69], [70], [106],
[136] nhim dua ra két qua cudi cung 1a phan bd nhiét do trude va sau khi cai tién,
muc d6 cai thién cua hé sé 1am mat 6. Tuy nhién, khi sir dung mé hinh nguyén mau
canh gap mot s6 kho khan nhu: kho thay doi cac thong sé anh huong theo ¥ mudn,
khdi lwogng tinh toan rat 16n, dic biét khd thuc hién nghién cau bang thuc nghiém.
Pong thai, cac cong trinh nghién ctu trén nguyén mau canh cé tinh tong quat khong
cao, dé ap dung vao ddi tuong canh khac thudng can nghién cau lai tir dau.

Bén canh d6 ciing c6 nhiéu nghién ctiu sir dung md hinh vat Iy dong dang, md
hinh nay duoc gia lap twong duwong véi khu vuc can ting cudng 1am mat trén canh
(chi tiét & muc 1.4.1.2). Két qua thu duoc tir mé hinh vat Iy dong dang 1a hé sé trao
d6i nhiét, day 1a thong sb trung gian quan trong, ¢ anh huang truc tiép toi nhiét do
trén canh tuabin. Két qua nay duoc st dung dé dua ra khuyén céo, ap dung nguoc lai
cho nguyén mau canh. Cac md hinh vat 1y dong dang c6 tinh tong quat cao vi cac
thong sé déu biéu dién ¢ dang khong tha nguyén, c6 thé wng dung vao nhiéu dbi
tugng canh, c6 thé thuc nghiém trong phong thi nghiém cua cac trudong dai hoc.
Nhung néu chi dirng & mé hinh vat 1y ddng dang thi s& khong dua ra duoc két qua
cudi cuing 1a mirc d6 cai thién cua hé sb 1am mat 6, phan b nhiét do trén céanh.

MJi loai mé hinh déu c6 wu va nhugc diém riéng, dé c¢d két qua toan dién hon
luan 4n xay dung ca hai mé hinh trao doi nhiét, d6 1a: mé hinh trao d6i nhiét cho
nguyén mau CPCA dong co DR76 (goi tat 1a md hinh nguyén mau A - Hinh 3.1a) va
mo hinh trao d6i nhiét dang tim phang dong dang véai kénh dan khdng khi phia trong
lung canh (mé hinh ddng dang B - Hinh 3.1b). Két qua thu dugc tir md hinh nguyén
mau A 12 phan b nhiét d6 va (ng suat nhiét trén canh (trang thai nhiét caa canh phun)
nham xac dinh céc khu vuc trén canh can ting cuong lam mat, cong cu dé xay dung
mo6 hinh mé phong 1a phan mém ANSYS-CFX (tinh phan bé nhiét do) va ANSYS-
Static Structural (tinh ang suat nhiét). Ngoai ra mé hinh nguyén mau A con duoc sir
dung dé tinh toan trang thai nhiét ciia canh cai tién, so sanh két qua véi canh nguyén
ban dé dua ra cac két luan vé hiéu qua tang cudng lam mat.
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Hinh 3.1. Mit cat cac mé hinh nghién ctu caa luan an
a— Mb hinh trao d6i nhiét trén nguyén mau canh phun (Mé hinh nguyén mau A);
b- M6 hinh trao d6i nhiét dang tim phang dong dang véi mo hinh trao doi nhiét cua
kénh dan khéng khi phia trong lung canh (Md hinh dong dang B)

Két qua tinh toan cho thay, khu vyuc lung CPCA dong co DR76 ¢ nhiét do
cao nhat (xem muc 4.1.1.2) can ting cuong lam maét cho khu vuc nay bang cach b
tri thém cac 16 phun khi trén mang phan phéi. Do d9, trong luan an xay dyng md hinh
vat Iy dong dang véi kénh din khong khi phia lung canh (mé hinh dong dang B -
Hinh 3.1b). Cac md hinh vat Iy dong dang dwoc don gian hda vé mat hinh hoc, trong
truong hop nay, kénh dan khdng khi phia trong lung canh duoc thay thé bang mé
hinh dang tdm phang (mé hinh d¢éng dang B) vi ban kinh cong cia CPCA dong co
DR76 13 Rs 16n hon 107+1075 lan so véi dudng Kinh 15 phun D. Tinh dung din cua
viéc ddng dang nay duoc khang dinh trong cac cong trinh [22], [34], [36], [47], [86].

M6 hinh ddng dang B duoc dung dé tinh toan hé sb trao ddi nhiét gitra bé mat
trong caa lung canh véi dong khéng khi phun ra tir mang phan phéi. Céac két qua nay
nham xéc dinh kich thudc va bé tri cac 16 phun phi hop trén mang phan phéi & lung
canh. Cu thé 1a xac dinh duong kinh D, budc 16 tuong ddi S/D, khoang cach tuong
d6i H/D, sb lugng 16 phun sao cho hé s6 trao doi nhiét 1a cao nhat nhung khong 1am
tang luu lwong khdng khi 1am mat, sau d6 cac két qua nay s& duoc ap dung dé thiét
ké lai mang phan phéi caa CPCA dong co DR76.
3.2. X4y dung m hinh trao d6i nhiét cho canh phun tuabin cao 4p dong co DR76
bing ANSYS

M hinh trao ddi nhiét cho canh phun trong CFX duogc xay dung véi cac budc
chinh: Xay dung mo hinh canh va dong khi bao quanh canh; Chia ludi trong ANSYS
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ICEM CFD; Tinh toan, lua chon sé liéu cua cac bién va lya chon md hinh trong
ANSYS Setup; Giai trong ANSYS Solution; Quan ly va xt ly két qua trong ANSYS
Result.

Trong ANSYS-CFX, d6 chinh xéc cua két qua phu thudc chi yéu vao phuong
phép xay dung md hinh: tinh ding din caa md hinh vét 1y da xay dung (m6 hinh canh
va dong khi bao quanh), phuong phép chia ludi (dam bao cac tidu chuan theo khuyén
céo va phu hop vai bai toan), lva chon cac mé hinh (md hinh giai, mé hinh trao doi
nhiét, md hinh réi, mo hinh 16p bién). Bén canh d6, cac hang so cua chat khi ¢6 vai tro
nhét dinh trong viéc hiéu chinh két qua, nang cao d¢ chinh xac. Nhu vay lya chon mé
hinh mé phong va céac hang sb chat khi dé phi hop véi bai toan dang nghién ctu 13
viéc khéng d&, can c6 budc hiéu chinh va kiém ching két qua tinh toén.

Pé hiéu chinh va kiém ching két qua cua md hinh mé phong, cac cong trinh
nghién ctru d3 so sanh két qua md phong véi két qua thuc nghiém [28], [46], [100];
so sanh voi mau son dic chung [61], [81] hoic vét chay canh [69], [136] sau khi dong
co hoat dong. Viéc thuc nghiém trén canh tuabin 1a hét sic khé khin, thuong vuot
qua kha nang cua cac phong thi nghiém tai cac truong dai hoc nén khdng phai céng
trinh ndo ciing c6 kha ning ty thyc nghiém trén dung di twong nghién ciu. Do vay
nhiéu cong trinh nghién ciru nhu [23], [65], [98], [106] d4 st dung két qua thir nghiém
trén canh Mark IT dé kiém ching mé hinh mé phong.

Canh Mark 11 1a canh phun tiéu chuan, 1am mat kiéu dbi luu da duoc thir
nghiém va cong b két qua boi NASA [52]. Canh nay c6 dic diém khi dong va lam
mat twong ddng véi CPCA dong co DR76 nén luan an sé& tinh toan md phong cho
canh Mark Il twong tu nhu cac cong trinh [23], [65], [98], [106] da liét ké o trén. Khi
két qua md phong bam sét két qua thuc nghiém thi c6 thé coi phan mém va mé hinh
mo phong da xay dung c6 du do tin cay, du kha ning dé tién hanh mé phong cho
CPCA dong co DR76.

3.2.1. Xdy dung mé hinh trao doi nhi¢t cho cdnh phun Mark |l bang phin mém
ANSYS-CFX

3.2.1.1. Xdy dung mé hinh trao déi nhiét cho canh Mark 1l bang ANSYS-CFX

Viéc xay dyng md hinh md phong duoc bat dau bang cach xay dung trén canh
Mark 11, sau d6 so sanh két qua mé phong véi két qua thuc nghiém caa Hylton va
cong su [52] ¢ ché do “code 4322 run 16”. Trong quéa trinh thyc nghiém, Hylton da
dan dong khi nong tir buéng dt vao 3 canh phun Mark 11 (Hinh 3.2). Canh Mark 11
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la CPCA I1am bang thép khong gi ma ASTM 310, c4c thdng sé co ban cua canh dugc
thé hién trén Bang 3.1, bién dang canh duoc biéu dién trén Hinh 3.3 [52], canh duoc
lam mat bang cach cho khong khi di qua 10 16 xuyén tam (Hinh 3.3).

Vo chiu luc

- . 6ng dan
- H¢ thong vo1 phun lam ma
e oo -~ Flame .
€l khi thién nhién holder VaI}h

chuyén tiép
i
Ar 'ﬁ'-J_F'_l

Dauvao
nwéce lam mat

~ B¢ tang do roi

/ - Van djéu
chinh dau ra

AR

Paata Vo1 phun nuée
nuwde lam mat  Pau cap

khi lam mat

[ Exit probe
Exit  traverse
Puong khi nén c6 van probe system
dieu chinh ap suat Day 3 canh phun
Hinh 3.2. So d6 thuc nghiém cua Hylton cho canh phun Mark 11 [52]
Bang 3.1. Bang théng so6 hinh hoc co ban cua canh Mark 11 [52]

TESO-513A

TT Tén thong so Gia tri
1 | Goc dat (Setting angle), [d0] 63,69
2 | GOc thoat cta dong khi (Air exit angle), [d0] 70,96
3 Hong canh (Throat), [mm] 39,83
4 | Chiéu cao canh, [mm] 76,20
5 | Budc canh, [mm] 129,74
6 | Ban kinh cong cta lung canh, [mm] 159,35
7 Ban kinh cong cua bung canh, [mm] 129,49
8 Day cung bién dang, [mm] 136,22
9 Day cung bién dang chiéu Ién doc truc, [mm] 68,5

Két qua nhiét do va ap suat thu duoc tir hé thong cam bién gan trén bé mat
canh ¢ do cao trung binh (Hinh 3.4). Két qua hé s6 trao d6i nhiét tai bé mat ngoai cua
canh duoc tinh tir dir liéu nhiét d6 bé mat canh va nhiét do d¢au vao caa dong khi ndng.

Nhu da noi 6 trén, chia ludi 1a cong doan quan trong trong viéc xay dung mo
hinh trong ANSYS-CFX, trong d6 bao gdm thiét lap tinh chat vat Iy va phuong phap
chia ludi, chia lugi tong thé, chia ludi cuc bo, kiém tra chat luong ludi. Luan an st
dung cong cu ICEM CFD tich hop trong ANSYS dé thyc hién viéc chia lugi. Do 16p
bién c6 su bién thién rat 16n vé van téc va nhiét do, cho nén ludi tai khu vuc gan vach
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can chia min hon (thudng sir dung Inflation) va duoc danh gia thong qua thong sb
khong thir nguyén y* [11], [13]. Lép déau tién c6 d6 day 10 mm (dé dam bao hé sé
y*~1), ty s6 ting do day 1,2. Ngoai ra, do hoi tu cia ludi cling da dwoc kiém tra dé
két qua khong sai léch nhiéu khi tang sb luong ludi.

129.74 mm

Vi tri dat cam bién ap suét

\ Vi tri dat cam bién nhiét d6

Hinh 3.3. Bién dang céhh Mark Il vacac Hinh 3.4. Vi tri dat cam bién nhiét do
bién cua dong khi [52] va ap suat trén canh Mark 11 [52]
Trong phan Ién cdng trinh, viéc chia ludi bé mat ngoai canh tuabin va may

nén thudng o dang cau trac. Tuy nhién trong treong hop canh tuabin ¢ 1am mét, bao
goém ca kénh dan dong khi bén trong canh cé hinh dang phtc tap nén khéng phai ldc
nao ciing thu dwoc dang ludi nay. Trong mo hinh dang xay dung, tac gia sir dung kiéu
lai Hybrid gitra cau tric va phi cu tric. Qua khao sat thiy rang c¢é nhiéu cong trinh
xay dung mo hinh trao doi nhiét cho canh tuabin str dung cach chia ludi Hybrid nhu
[40], [54], [61], [63], [81], [84]. Két qua lusi ciia md hinh canh Mark-I1 (Hinh 3.5)

c¢6 hon 1 tridu niit va hon 4 triéu phan tu.

75.00

Hinh 3.5. Mé hinh chia lu6i trong ANSYS
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T cac phan tich trong Chuong 1 va Chuong 2, phuong phap RANS véi mo
hinh ri SST duoc lya chon, tuy nhién luan an tinh ton va so séanh ca hai mé hinh rdi
SST va k-¢ v6i thuc nghiém dé khang dinh lai lya chon mé hinh rdi SST 1a dting dan.
M6 hinh gom dau vao dong khi nong, cac dau vao caa dong khdng khi 1am mét, dau
ra véi cac thong sb dugc liét ké trong Bang 3.2, Bang 3.3. Hai mit hai bén duoc thiét
lap ¢ dang “giao dién chu ky”, mé hinh tré thanh nhiéu canh dugc xép lién ké véi
budc canh t=129,74 mm.

Bang 3.2. Thong s6 cai dat md hinh va diéu kién bién caa dong khi néng chay bén
ngoai canh & ché do “code 4322-run 16” [52]

Tén thong so Ky hiéu [don vi] Gia tri
Vit liéu canh ASTM 310
M® hinh trao doi nhiét Total Energy
Dai giatriy* <1
Md hinh réi SST
biéu kién hoi tu 10
Ap suat dong khi ¢ dau vao Py [kPa] 263,94
Nhiét d6 dong khi ¢ dau vao Ty [K] 777
Ap suat dong khi ¢ dau ra p1 [kPa] 158,05
Do roi dong ban dau Tu [%] 8,3%

Bang 3.3. Bang thong s6 cac 15 1am mat xuyén tam canh Mark 11 va khdng khi 1am
mét & ché do “code 4322 run 16” [52]

L6 s6 | Pwong kinh 16, [mm] | Nhiét d§ Te, [K] | Lwu lwong Ge, [g/s]
1 6,30 390,65 4,72
2 6,30 376,82 4,86
3 6,30 389,03 4,80
4 6,30 404,06 5,22
5 6,30 358,74 471
6 6,30 351,02 4,52
7 6,30 368,07 431
8 3,10 416,48 1,62
9 3,10 446,90 1,01
10 1,98 480,14 0,633
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3.2.1.2. So sdnh két qua mé phéng véi két qua thue nghiém & ché dé “code 4322-run 16”

Két qua mé phong &p suit, nhiét do & mit cit trung binh trén bé mat ngoai cua
canh duoc biéu dién trén Hinh 3.6. Két qua trén Hinh 3.6a cho thiy ap suét cua ca hai
mo hinh réi SST va k-& cho két qua gan nhu trung nhau va sai s6 so véi két qua thuc
nghiém (dudong EXP) khong qué 5%. Tai cac vi tri chuyén trang théi 16p bién trén
lung canh (doan x/Lx=0,4339+0,5144) két qua cia md hinh SST chinh x4c hon so véi
mo hinh k-e.
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Hinh 3.6. Kiém chiing két qua mé phong vai két qua thuc nghiém trén canh Mark 11
& ché @6 “code 4322 run 16”

a — &p suat bé mit ngoai canh véi bién do 5%; b — Nhiét d6 bé mit ngoai cua céanh;
(Lx — chiéu dai day cung bién dang theo chiéu doc truc 0x (Hinh 3.3);
x/Lx<0 twong tng vai mat bung; x/Lx>0 twong tng v4i mat lung)

V& nhiét ¢6 bé mat trén Hinh 3.6b cho thiy duong két qua mé phong biang mo
hinh réi SST (dwdng CFD-SST) véi thuc nghiém (duong EXP) tuy khong c6 doan
nao trang nhau nhung sai s ludn nho hon 3%, dong thoi duong md phong phan anh
chinh xé&c quy luat cua duong thuc nghiém. Két qua mé phong bang mé hinh réi k-¢
(duong CFD k-g) cho két qua rat chinh xac & doan x/Lx=-0,6+0 va x/L«=0,45+0,7, tuy
nhién dinh nhiét d6 lai khdng nam & miii canh ma 1éch vé phia dau lung canh, gié tri
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cuc dai & khu vuc nay ciing vuot qua duong sai s6 +3%. DBong thoi két qua nhiét do
& dudi canh ciing sai 1éch 16n so véi két qua thuc nghiém. Banh gia chung, mé hinh
r6i SST cho két qua nhiét do chinh xac hon.

Déi vai hé sb trao ddi nhiét tai bé mit bén ngoai canh (Hinh 3.7), mé hinh réi
k- dua ra két qua co sai sb twong ddi 1on, ¢é vi tri gap 2 lan gié tri thuc nghiém. Diéu
nay da duogc cong trinh [104], [105] khuyén cao. Déi véi két qua mé phong bang mo
hinh rbi SST (duong CFD SST) sai s6 so vai két qua thuc nghiém da phan khdng qua
20%have, €O nhitng vung sai s6 nhé hon 10% nhu x/Lx=0+0,1 va 0,3+1. Chi c6 vung
x/Lx=-0,45+-0,3 sai s6 vuot qua ngudng 20%. Theo cong trinh [52], két qua do dac
va tinh toan caa Hylton vé hé s trao doi nhiét co sai s6 1én t6i 18,8%.

1.2

O EXP

CFD SST

........ EXP+20%
CFD k-¢

-1 -0.8 -0.6 -0.4 -0.2 XR_ 0.2 0.4 0.6 0.8 1

Hinh 3.7. So sénh hé sé trao doi nhiét tai bé mat ngoai caa canh khi md phong bang
mo hinh réi SST va k-g véi két qua thuc nghiém & ché d6 “code 4322 run 16”

Tir viéc so sanh két qua caa md hinh md phong voi két qua thuc nghiém trén
canh Mark 11, c6 thé dua ra mot s két luan sau:

- Viéc str dung md hinh réi SST cho mé hinh mé phong cénh phun tuabin cua
luan &n 1a lya chon phu hop hon so véi mé hinh rdi k- vi n6 cho két qua chinh xéac
hon, dic biét khi xét vé két qua hé s6 trao doi nhiét, diéu nay dang vai khuyén cao
trong cac cong trinh [104], [105];

- M0 hinh md phong canh phun tuabin xay dung bang phan mém ANSYS-
CFX voi phuong phap RANS va md hinh ri SST cho sai s6 vé& ap suat va nhiét do
turong tng nho hon 5% va 3%; sai sb vé hé sé trao doi nhiét nhd hon 20%, nhiéu ving
nho hon 10%. Sai s cua hé sé trao d6i nhiét con 1on 13 nhuge diém chung cta phuong
phap RANS dang str dung, dé c6 sai s6 nho hon can st dung phuong phap DNS hoic
LES (nhung doi hoi tai nguyén may tinh rat 16n) [104], [105]. Tuy nhién, cac gia tri
sai s6 nay tuong tu sai s duoc cong b trong cac cong trinh [24], [29], [31], [78],
[82] va chap nhan duoc dbi vai cac bai toan trao d6i nhiét [104], [105].
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Nhu vy, c6 thé két luan ring mé hinh mé phong canh phun tuabin xay dung
bang phan mém ANSYS-CFX, phuong phap RANS véi mé hinh réi SST dam bao
do tin cay, sai s6 & ngudng chap nhan duoc (sai s6 vé &p suat, nhiét do, hé sé trao doi
nhiét tuong tng nho hon 5%, 3% va 20%) va cé thé ap dung dé khao st trang thai
nhiét canh phun tuabin.

3.2.2. Xdy dung mé hinh trao déi nhiét cho canh phun tuabin cao ap déng co DR76
bang ANSYS

3.2.2.1. Xdy dung mé hinh trao déi nhiét canh phun tuabin cao ap déng co DR76
bang ANSYS-CFX va ANSYS-Static Structural

M hinh trao d6i nhiét nguyén miu A duoc xay dung bang ANSYS-CFX (Hinh
3.8), két qua chinh thu duoc 1a théng sé trang thai cia dong khi chay qua cénh, hé sb
trao d6i nhiét gitta dong khi va cac bé mat canh, phan bé nhiét do trén canh. Sau do,
trich xuat dir liéu nhiét do canh tir ANSYS-CFX sang g6i ANSYS-Static Structural
sé& tinh toan duoc tng suat nhiét trén canh.
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Hinh 3.8. Md hinh trao dbi nhiét cia CPCA ddéng co DR76
Nhu d3 1ap luan & muc 3.2.1, phuong phap xay dung mé hinh trao d6i nhiét cho
canh Mark IT hoan toan dam bao db tin cay dé xay dung mé hinh trao d6i nhiét cho
CPCA dong co DR76. Két qua luéi ciia md hinh nguyén mau A (dong khi va CPCA)
c6 khoang 22,3 triéu phan tu, 8,7 triéu nat, ludi tai mat cat trung binh dugc biéu dién
trén Hinh 3.9, ludi ctia canh CPCA dugc biéu dién trén Hinh 3.10. Ludi tai khu vuc
tiép giap gitra dong khi va bé mit thanh vach (Hinh 3.9¢) canh duoc chia biang tinh
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nang Inflation véi d6 day 16p dau tién 12 103mm, s6 luong 10 16p, 16p luéi sau c6 do
day bang 1,2 1an so véi 16p ludi truée. Thong sé ludi duoc liét ké trong Bang 3.4.

0.00 45.00 90.00 (mm)
I 4

22.50 67.50

Hinh 3.9. M6 hinh luéi ciia mé hinh trao d6i nhiét CPCA dong co DR76
a— Ludi tai mat cat trung binh; b — Luéi tai khu vuc gan canh; ¢ — Ludi sat bién



73

40.00 (mm)

Hinh 3.10. M5 hinh chia luéi CPCA dong co DR76
Bang 3.4. Thong s6 luGi cia mé hinh trao doi nhiét CPCA dong co DR76

TT Thong s6 luéi Gia tri Ghi chu
1 | Tong sb phan tir (s6 nt) ~22,3 triéu (8,7 triéu)
2 | Ty 1& sé phan tir cua dong 96%/ 4%
khi/canh
3 |Ty & phan tr dang 37%/62%/1%
Tetrahedrons/Prisms/Pyra
mids
5 | Chiéu day ludi dau tién sat 10 mm
vach
6 | Ty sb tang chiéu day luoi 1,2
sét vach
7 | Khoang céch tgi thanh vach <1 Chi tiét tai
khong thir nguyén, y* Phu luc 2
8 | Mesh Orthogonality <1% Acceptable, ~100%
Good
9 | Aspect Ratio 100% Good
10 | Mesh Expansion Factor | <1% Questionable, 2%
(Exp. Factor) Acceptable, ~97% Good

Chat luong chia lugi dong vai trd quan trong trong méd phong CFD, c6 anh
huong t6i két qua, thoi gian hoi tu va ca mic do doi hoi tai nguyén may tinh. Trong
ANSYS-CFX, chét luong chia ludi thuong duoc danh gia thong qua 3 chi tiéu Ia
Mesh Orthogonality, Aspect Ratio, Mesh Expansion Factor (Exp. Factor). Trong d6:
Mesh Orthogonality do qua véc to phap tuyén bé mit va véc to tir nt nay téi nat kia;
Aspect Ratio 1a ty 18 16n nhét chia nho nhat xung quanh mdi nat; Exp. Factor do ludng
d6 kém cua 1 n(t so véi trong tam caa phan tir (khdi thé tich), Exp. Factor xap xi ty
& giira thé tich phan tir 16n nhat va nho nhat xung quanh mot nat. Céc chi tiéu danh
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gia chit lwong ludi cia mo hinh déu dat & muc cao (Bang 3.4). Vi md hinh dong khi
c6 hinh dang phuc tap (bén trong cénh), ton tai mét s lugng nho céc khéi khong dat
c4c yéu cau nhu trén (Exp. Factor <1% Questionable) ciing 13 diéu c6 thé chap nhan.
M6 hinh dong chay qua canh c6 2 dau vao 1a dau vao dong khi néng tir budng
dbt va dau vao caa khong khi 1am mat, vai théng sé duoc coi bang théng sb sau may
nén cao &p, mot dau ra (Hinh 3.8). Mit ¢ hai bén dugc thiét lap “giao dién chu ky”,
tie 12 kénh luu thong phia lung cua canh nay sé ndi théng véi kénh phia bung cua
canh lién k&, nhu vay sé& cho phép tinh toan toan bo cac kénh luu thong cua CPCA.
Cac lya chon trong phan cai dat mé hinh trao d6i nhiét CPCA dong co DR76
duogc biéu dién trén Bang 3.5, cac cai dit nay twong tu nhu Bang 3.2. D6 réi dong ban
dau (Tu) cua dong chay trong cac mat cat dong co DR76 1a thong sd khong tim dugc
& cac tai lieu tham khao c6 lién quan, cling nhu khong co du diéu kién dé do dac.
Theo tai liéu tap huan cia hang ANSYS [14], ciing nhu mot s6 két qua cia NASA
[92] d6 rdi dong ban dau cho dong chay trong PCTBK nam trong khoang Tu=3+8%,
cao nhat ¢ thé 1a 10%, do vay Tu duoc lya chon & mic trung binh (Tu=5%), tuong
tu nhu cac cong trinh [96], [106], [136].
Bang 3.5. Thong s6 cai dit co ban cia mo hinh trao doi nhiét CPCA dong co DR76

Tén thong s6 Gia tri
M6 hinh trao doi nhiét Total Energy
M® hinh roi SST
Do roi dong ban dau Tu [%] 5%
Wall Funtion Automatic Near-Wall
TimeScale Control Physical TimeScale=10°s
biéu kién hoi tu 10°¢

3.2.2.2. Piéu kién bién ciia mé hinh cénh phun tuabin cao ap déng co DR76
a) Pdc diém hinh hoc va lam mat cho canh phun tuabin cao ap déng co DR76

Tang tuabin cao 4p PCTBK tau thay DR76 nam ngay sau budng dét dang
vanh ong nguoc chiéu ¢6 9 dng chiu nhiét. Nhiét do trung binh caa dong khi chay di
ra khoi budng dét cé thé dat téi gan 1300K [112], nhiét do cuc bo cua dong khi co
thé Ién t&i 1400K va chi tiét chiu nhiét 6 16n nhét 1a canh phun. CPCA nay la canh
ngan, chiéu cao canh 28mm, do vay dé d¢am bao tinh cong nghé va dé dang b tri hé
théng lam mat thi CPCA khong lam vin, tie 1a canh duoc thiét ké theo quy luat goc
a=const. Mot s6 thdng s6 hinh hoc co ban ciia canh phun dugc trinh bay trong Bang
3.6, cac théng sé khac duoc trinh bay trong Phy luc 1.
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CPCA duoc lam mat kiéu déi luu bang dong khdng khi tir ludng thir cap cua
budng d6t. Khong khi 1am mat di qua 15 tiét luu d t6i khoang khong khi phia trén cua
canh phun (Hinh 1.2) va di vao bén trong mang phan phdi khi. Cac 16 phun trén mang
phan phdi (Hinh 1.2) s& dwa dong khi lam mat di t6i phan dau canh, tir d6 chay qua
khe gitta mang phan phdi véi bung (va lung) trude khi thai qua cac khe phia dudi
canh. Ngoai ra CPCA dong co DR76 con ¢6 hai khoang khong khi ¢ hai dau dé 1am
mat cho vanh ngoai va vanh trong (Hinh 3.8).

Bang 3.6. Thong s6 hinh hoc co ban cia CPCA dong co DR76

Thong so, [don vi] Giatri | Nguén so liéu
Chiéu cao canh, [mm] 28 Po
Day cung bién dang, [mm] 42 bo
S6 lwong canh 45 Po
Vat liéu canh KC-6K [132]
Chiéu day thanh canh, [mm] 2 Do, [114]
Khoang céach bén gitta canh va mang phan phéi, [mm] 0,8 Do, [114]
Chiéu day mang phan phéi, [mm] 0,5 [114]
S6 luwong; kich thudc mat cat khe thoat khi & dudi | 4 khe; Po
canh, [mm x mm] 0,5x5
Goc dat cua canh, [d0] 39,5 bo
G6c hinh hoc dau vao, [d0] 90 Do, [114]
Go6c hinh hoc dau ra, [d6] 14 Do, [114]

b) Diéu kién bién ciia dong khi chdy qua cdnh phun

Trong mé hinh trao ddi nhiét cia CPCA dong co DR76 ¢6 2 dong dau vao
gom dong khi noéng va khong khi 1am mat, 1 dau ra caa hdn hop khi (Hinh 3.8). Tai
dau vao dong khi néng Ia thong sé dong khi sau budng dét (ap suat va nhiét do toan
phan), dau vao dong khong khi lam mat la théng sé dong khong khi sau may nén (4p
suit va nhiét d6 toan phan), thong sb dau ra 1a thdng sé khu vuc giita CPCA va canh
cong tac cua tuabin cao ap (ap suat — thay thé cho stc can cua hién tuong tiét luu giy
ra boi cac phan tuabin phia sau). Thong sé cua dong khi tai cac bién nay (Bang 3.7)
duoc Iy tur tai liéu [115] va tinh toén tir ly thuyét trong muc 2.3.

Trong thuc té, dong khi chay tir budng ddt toi CPCA c6 &p suit toan phan,
nhiét d6 toan phan khong dong déu theo ca chiéu huéng kinh va chiéu chu vi. Bé c6
duoc thong sb thuc té nay hoic phai co két qua do trén dong co dang hoat dong hozc
tinh toan md phong ca budng dét, ca hai viéc nay déu 1am khéi lwong cong viéc ting
Ién gap nhiéu lan. Ap suat tai dau vao cia CPCA pg” sai léch khdng nhiéu [17] do dong
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khi khdng chiu anh hudng cua luc quan tinh ly tdm nhu tai khu vuc canh cong tac. Do
vay, luan an gia thiét 4p suit toan phan phan bd déu tai du vao CPCA, nhiéu cong
trinh cling sir dung gia thiét nay trong qué trinh mé phong [61], [81], [106].

Bang 3.7. Thong sb dong khi tai cac bién ¢ cac ché do tinh toan

Ché dd, [% tay ga] 100 | 80 | 62,5 | 50 |Piochiéu
Ap suit toan phan tai dau vao cua
dong khi néng, pg” [kPa]
Nhiét d6 toan phan trung binh tai dau
vao cua dong khi néng, Tq" [K]
P& ap finh trung binh tai dAu ra, p1 [kPa] | 859,8 | 7222 | 637,2 | 569,9 | 647
Ap suat toan phan tai dau vao cua
khdng khi lam mat, pc” [kPa]
Nhiét o toan phan tai dau vao cua
khong khi lam mat, T." [K]

Nhiét do tai dau vao CPCA Ty bién thién theo ca chiéu hudng kinh va chiéu
chu vi, trong d6 bién thién theo chiéu huéng kinh 12 rd rét nhat [47]. Tai khu vuc tiép
gidp vo trong va vo ngoai c6 mot lugng nhiét 16n truyén ra vo, dong thoi dong khi
lam mat kiéu mang chay boc trén vo dng chiu nhiét caa budng dbt 1am nhiét d6 giam
dang ké so véi khu vue d6 cao trung binh. Dang dic trung cta sy phan bd nhiét do
dong khi Tq" dugc trinh bay trong cac cong trinh [8], [126], trong md hinh md phong
nay tac gia sir dung dang phan b dién hinh trén Hinh 3.11 (dudong ‘Pong co dién
hinh’) dé thiét lap diéu kién dau vao cho dong khi nong. Cac cong trinh [61], [81],
[106] sir dung gia thiét twong tu dé lam diéu kién dau vao cho md hinh mé phong.

1203 | 1039 | 914 | 818,2 | 9433

1246 | 1163 | 1100 | 1055 1156

1233 | 1080 | 950 850 980

637 610 | 587,5 | 568,3 | 596,7

Phia sau CPCA 1a mang canh cong tac quay va thuc té c6 tac dong nguoc tdi
dong khi chay tir CPCA. Dé nghién ctru tuong tac nay can xay dung ca CPCA va canh
cong tac, tuy nhién trong cac bai toan trao d6i nhiét, mé hinh nhu vay s& lam khéi luong
tinh toan tang 1én gap nhiéu lan vuot quéa kha nang cua may tinh, hozc can giam khoi
luong tinh toan tai cac bé mat trao d6i nhiét s& anh hudng 16n t6i d6 chinh xéac cua két
qué trao d6i nhiét. Chinh vi vay, nhiéu cong trinh tinh toan trang thai nhiét canh phun
nhu [61], [68], [69], [81], [106], [130], [136] bo qua twong tac nguoc cua canh cong
tac, khi d6 dau ra duoc thay thé bang dbi ap p1, ddi 4p nay bang &p suat o khe ho giita
canh phun va canh cong tac. Theo tinh toan tir muc 2.3.4.2, d6i ap p: tai dau ra CPCA
c6 su thay ddi theo d6 cao, trong d6 p1 tang dan tir chan téi dinh canh (Hinh 3.12), tuy
nhién pz sai léch so vai gid tri trung binh dudi 5%.
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Hinh 3.12. Ap suit tinh sau CPCA tai cac do cao khac nhau

3.3. X4y dung md hinh tinh toin hé s6 trao ddi nhiét cho kénh din khong khi
phia trong lung canh bang mé hinh dong dang

3.3.1. Xay dwng mé hinh dong dang va dim bdo cdc diéu ki¢n dong dang

Muc dich ctia muc nay 1a xay dung mé hinh tinh toén hé sé trao d6i nhiét cho
mé hinh dang tim phang dong dang véi kénh dan khi phia trong lung canh (mé hinh
dong dang B - Hinh 3.1, Hinh 3.13), noi duoc ting cudng 1am mat bang cach b sung
cac 16 phun khong khi tir mang phan phéi. Két qua caa mé hinh nham dua ra dai
khuyén céo vé théng sé hinh hoc (khoang cach H/D, budc 16 S/D, duong kinh D) cua
mang phan phdi phia lung canh phun.

M6 hinh ddng dang B 1a kénh dan khéng khi bao bai mang phan phéi va tam
dich (bé mit trong cua lung canh) déu ¢ dang tim phang. Tai day c6 hai dong khéng
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khi: dong phun chay qua cac 16 phun (vubng géc véi mit Oxy) va dong ngang cap tir
mot dau chay xubi theo chiéu Ox (Hinh 3.13). Qua trinh trao ddi nhiét trong truong
hop nay chu yéu 1a trao ddi nhiét khuéch tan dbi luu cudng buc gitra dong khong khi
v6i bé mit bén trong cua lung canh, hién twong dan nhiét, dbi luu ty nhién va bic xa
nhiét trong dong khéng khi qua nhé so véi dbi luu cudng bire va dugc bo qua.
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Hinh 3.13. M6 hinh tim phing dugc 1am méat bang mang phan phdi co twong tac
dong phun véi dong ngang

Déi chiéu véi cac diéu kién dong dang da trinh bay & muc 2.4, so Vi nguyén
mau kénh din khong khi phia trong lung canh, mé hinh B dam bao duogc diéu kién
thi nhat va thir hai. Tac 13 dam bao ddng dang vé chat luong va dic trung cua qué
trinh: sé luong va huéng dong dau vao va dau ra giéng nhau, hé sé trao ddi nhiét cung
duoc viét bai phuong trinh (2.91). V& diéu kién tha ba, khi d6i chiéu véi 6 tham sé
d6ng dang da duoc dé cap trong phuong trinh (2.91) thi mé hinh déng dang da dam
bao duoc 4 tham sd va chua dam bao hoan toan dbi véi 2 tham sb.

M6 hinh da dam bao duogc 4 tham sé dong dang vé khi dong IT1=Rej, IL=VR
va hinh hoc I1,=H/D, ITs=S/D. CPCA nguyén ban chua c6 cac 16 phun trén mang
phan phéi phia lung canh, khong thé xac dinh ngay tir dau kich thudc va théng sb
dong khi chay qua cac 16 nay. Do vay, dai théng sé khi dong (Rej, VR) va hinh hoc
(H/D, S/D) cta md hinh dong dang duoc khao sét trong dai thuong gap cia CPCA,
da dé bao phu pham vi cac théng sé caa mang phan phéi sau cai tién. O day, cac
thong s6 dic trung cho van téc dong khi Rej va VR dugc tinh tir gid tri van toc trung
binh tai 16 phun va dau vao cia kénh dan dong ngang. S6 Reynolds cua dong phun
Rej duoc khao sat trong dai 10000+25000, ty s6 van téc dong phun/dong ngang VR
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trong dai 3+oo. Theo khuyén cao d6i véi canh tuabin H/D=1+3, S/D=3+12 [47], [85]
nén luan an khao sat véi H/D=1; 1,5; 2; 3 va S/D=3; 5; 8; 10.

Mo hinh chua dam bao dwgc tham sé dong dang II=Tw/T¢, tuy nhién van dé
nay duoc giai thich nhu sau: Dong khi ndng luu thong qua mang canh chi c6 tac dong
gian tiép t6i hé sb trao doi nhiét ddi luu cudng burc trong kénh din phia trong lung
canh thong qua ty sé nhiét do Tw/Ts Vi tai lung canh dong khi ndng va dong khéng
khi 1am mat khong trao ddi chat véi nhau. Nhiét d6 trén thanh véach canh Ty, 1a thong
s6 bién thién lién tuc, bén canh d6 nhiét do dong khong khi 1am mat tai cac vi tri khac
nhau Tt ciing khong phai 1a hang s6, do vay ty s Tw/Ts 1a thong sé bién thién phuc
tap va kho kiém soat. Viéc dam bao ty s6 Tw/Tr trén md hinh thuc nghiém giéng voi
nguy@n mau canh c6 tinh kha thi thap. Theo két qua mé phong cua cong trinh [30]
Tw/Tt ting s& 1am hé sé trao doi nhiét h ¢6 xu hudng giam, tuy nhién theo két qua thir
nghiém cua cong trinh [52] h giam khdng r6 rang khi Tw/Tr tang trong dai 0,71+0,83.
Nhu vay viéc khong dam bao ty sé Tw/Tr khong gay ra sai s6 16n va c6 thé chap nhan
két qua thu duoc, da phan cac cong trinh bo qua diéu kién nay hoic khong dé cap
dén.

Mo hinh ciing chua dam bao duoc tham sé dong dang I7e=D/Rs. Kénh dan
khong khi phia lung canh thyc té 1a kénh din cong véi ban kinh cong trung binh
Rs=215mm, duong kinh 16 phun D<<Rs (D=0,2+2 mm [104]) nén d6 cong twong ddi
rat nho (D/Rs=1/1075+1/107), c6 thé don gian hoa thanh md hinh tim phang. Bdi voi
qua trinh déi luu cudng bic thuan tay, kénh dan béan kinh cong Rs chiéu cao H ¢6 hé
s6 trao doi nhiét cao hon so v6i kénh phang bang ty s6 hiéu chinhe, =1+1, 77; [2].

CPCA dong co DR76 c6 H=0,8mm, Rs=215mm nén er~1,007, tirc |4 sai s6 giira kénh
dan phang va kénh dan cong chi la 0,7%.

Dbi véi truong hop trao d6i nhiét do dong khi phun ra tir mang phan phéi,
cong trinh [27], [51] dwa ra két qua vé sy sai léch cua Nu gita md hinh tim phang va
m6 hinh tim cong trén Hinh 3.14, Hinh 3.15. O déy thay rang khi D/Rs<1/20 su sai
léch Nuave SO VGi md hinh tim phang 1a rat nho, phan b Nu khi D/Rs=1/16 ciing
tuong dong va khéng co su khac biét dang ké so vai mé hinh phang. Do vay trong

1 1

truong hop CPCA dong co DR76 c6 do cong twong doi D =——+——c6 thé don
R, 1075 107

S

gian hda kénh dan khong khi phia lung canh thanh kénh dan phang.



80

50 e
> 0 Chl'gu 0x cua tzi’m cong
_____ A-———""7 i ------Chneuchuatamcong
40} T i | I ——— Tam phang
U 30 f
2 30 PR o b o e AR <& 1 220 —
_______ Q--=-=—-=-==0 i
20t @ w0k
‘ ~(3- Rej=10000 -<>- Rej=20000 -A~ Rej=35200 ‘ r
DR=0 D/Re1/20  D/R=1/10 o
Tam phang r/D
Hinh 3.14. So sanh Nuave cia md hinh tim Hinh 3.15. So sanh Nu ctia md
phang v&i md hinh tim cong ¢ D/Rs khac nhau  hinh tim phang véi mé hinh tim
(H/D=3) [51] cong c6 D/Rs=1/16 (Rej=3300,

H/D=5) [27]

Trong thuc té, khi dong khi di qua khu vic mili canh s& hap thu mot phan nhiét
luong, lam nhiét d6 cua no tang 1én, sau d6 mai chay qua khu vuc bung va lung canh,
tuy nhién xac dinh lugng tang nhiét do nay rat kho khan va khong ¢ quy luat rd rang.
Trong hau hét cac cong trinh nghién ciu vé tuong tac gitra hai dong nay ma tac gia
luan an duoc tiép can [22], [36], [42], [72], [79] déu coi nhiét d6 dau vao caa dong
phun va dong ngang la bang nhau. Ngoai ra, 6 nham va chiéu day 16 phun ciing anh
huong dén hé s trao ddi nhiét [77], [80], tuy nhién trong khudn kho luan an chua
xem xét dén cac anh huong nay.

Nhu vay, md hinh vat 1y ddng dang véi kénh dan khong khi phia trong lung
canh & dang tAm phang duoc luan an xay dung da dam bao duoc 4 tham s6 gdm khi
dong I11=Rej, I,=VR va hinh hoc I14=H/D, I1s=S/D do chiung dugc khao sat trong
dai rong Rej = 10000+25000, VR = 3+w0, H/D=1+3, S/D=3+10. M0 hinh da gén dam
bao dugc tham sb I7e=D/Rs, sai s6 giita Nu cia md hinh tam phang va tam cong (

D 1 1

— =———+—")nho hon 1%. Mic du khong dam bao duoc tham s 1a Il:=Tu/T;
R. 1075 107

nhung két qua cac cong trinh da cong bd déu cho thay ching it anh hudng dén gia tri
Nu thu duoc. Do d6, mé hinh vat Iy dong dang B di x4y dung hoan toan du tinh ding
dan dé khao sat dic trung trao doi nhiét tai khu vyc lung canh phun khi c6 tuong tc
gitra dong phun va dong ngang.

Tinh toan hé s trao d6i nhiét cia md hinh dong dang B duoc thuc hién bing
thuc nghiém va md phong, trong do viéc thuc nghiém duoc thuc hién theo phuong
phap dao dong nhiét TOIRT. Viéc md phong dugc thuc hién bang ANSYS-CFX,
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duogc thuc hién & cac ché do ma viéc thuc nghiém khong thé tién hanh hoic céac théng
s6 ma thyc nghiém khéng dua ra duoc.

3.3.2. Xay dwng h¢ thong thwe nghi¢m xdc dinh hé sé trao doi nhigt cho mé hinh
dang tdm phang bang phwong phdp dao dpng nhiét dé

3.3.2.1. Nguyén Iy xdc dinh hé so trao déi nhiét ciia phwong phdp TOIRT

Phuong phap dao dong nhiét d6 TOIRT duoc lra chon dé xac dinh hé sé trao
d6i nhiét trén bé mat tam kim loai phang lam mat bang mang phan phdi (md hinh
d6ng dang B - Hinh 3.1). So db nguyén 1y do hé sb trao doi nhiét bang phuong phap
TOIRT duoc thé hién trén Hinh 3.16a. Viéc dong bo thoi gian giira camera nhiét va
ngudn nhiét duoc thuc hién nho may hién séng va thiét bi dong bo (Hinh 3.16 b). D
liéu nhiét do trude va sau bién do6i Fourier tai mdi diém cé dang nhu Hinh 3.16¢.

it o251 thiét b déng b ngudn dign  den halogen

i N
o 10/230V E § bé mat
AN ) - trao doi
g 9 —] C
dOIlg nhlet l l IR camera < nhiét
birc xa —— 0
may hién séng U
> —
N < I\ l y PC
™, I

i TI— i e —
- —— 1 measurea

e ad T SFOFT
[ {

hé sb trao dbi nhiét h

hé sé trao dbi
nhiét h,

a, C,
Hinh 3.16. So d6 hé thong do dac hé sb trao d6i nhiét bang phuwong phap TOIRT

a— Mo hinh nguyén ly caa Wandelt va Roetzel [87];
b — So dd hé théng ghi nhan tin hiéu [87];
¢ — Dién bién dao dong nhiét do dic trung tai mot diém theo thoi gian [37]
Khi cép thong luong nhiét g tir ngudn nhiét (thuong 1a dén halogen nhu Hinh
3.16b hozc laser) bién thién theo van téc goc e thi dit liéu nhiét do tic thoi tai moi
diém ciing bién thién c6 tinh tuan hoan theo thoi gian (Hinh 3.16¢). Déi véi thanh
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vach mong va déng nhat cd hé s6 khuéch tan nhiét a [m?/s], bé qua dong nhiét khuéch
tan theo chiéu x va y, ta c6 phuong trinh din nhiét mot chiéu theo thoi gian [87], [97]:
orT  _oT
i a_2
ot 0z
& day: t— thoi gian; z —toa do theo chiéu day cua tam (Hinh 3.16 a).

(3.1)

Diéu kién bién trong truong hop nay 1a phuong trinh can bang nhiét tai hai bé
mat cua tim (v&i z=0 va z=0) [87], [97]:
oT

1_
oz

= hT|z=0 (32)

z=0

/Iﬂ =q,sinwt—hT| (3.3)
oz =0 ~

& day h, hn — tuong ung 1a hé s trao d6i nhiét can tim (tai mat dugc ting cuong trao
d6i nhiét) va tai mat ngoai (mat IR chup anh) (Hinh 3.16); o — van tdc goc caa nguon
nhiét, go- bién d6 dao dong cta nguon nhiét.

Tir cac phuong trinh (3.1)+(3.3) ¢0 thé thay nhiét do bé mat tim kim loai phu
thudc vao cac yéu to chinh: hé sé trao doi nhiét ¢ ca hai phia cia tim h va hn, théng
s6 hinh hoc (do day 0), thong s6 vat Iy (hé s6 dan nhiét A, nhiét dung riéng C, hé sé
khuéch tan nhiét a) ciia tim kim loai va théng luong nhiét cudng buc g truyén toi tim
kim loai (Hinh 3.16). Khi c4c thong s6 hinh hoc, vat ly cia tam kim loai khong d6i,
su bién thién nhiét d6 theo thoi gian, thong lugng nhiét g va hé sb trao doi nhiét cé

méi quan hé tryuc tiép voi nhau, day 1a nguyén Iy tinh todn ctua phuong phap nay.
Vi dir liéu nhiét d6 tai tung toa do (Xx,y) ¢ tinh chu ky (Hinh 3.16¢) nén nhiét
d6 T(t) tai thoi diém t cé thé biéu dién dudi dang chudi Fourier [37]:

T(t)=T, +Zn:[af cos(iet) +b; sin(ict) | (3.4)
i=1l
& day: To— hang sb; ar va by 1a hé sé cua chudi Fourier
a, =%Zn:'l'i cos(at;); by =%Zn:Ti sin(ot; ) (3.5)
1 1

& day: Ti — nhiét do tai diém (x,y) dang tinh toan twong tng véi anh chup th i; ti —
thoi gian twong ang véi anh tht i; n — tdng sé anh. Theo cong trinh [97] nhiét do tai
mdi diém trén tim cd thé viét duéi dang ham luong giac vai te d6 goc o va goc tré
pha ¢:

T(z,t)=T,(2)+A(z)sin(at —p(z)) (3.6)
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trong do: A — bién do6 dao dong. Po tré pha ¢ dic trung cho quan tinh nhiét, la thoi
gian can thiét dé thay d6i nhiét 6 caa ban than khéi kim loai va dong khi chay sat bé
mit, n6 ¢6 mdi quan hé tryc tiép véi hé sb trao ddi nhiét h & moi diém do. Theo cong
trinh [37] bién do A va géc pha ¢ trong phuong trinh (3.6) dwgc tinh tir hé sb ar va by:

a
A=.Ja? +b?; ¢ =arctan {b—fJ (3.7)

f

Két hop cac phuong trinh (3.1)+(3.3) va (3.6), qua cac budc bién doi trung
gian trong [97] thu dugc ham s6 biéu dién mdi quan hé gitta d6 tré pha ¢(z) & bé mat
birc Xa (z=0) Véi hé s6 trao di nhiét h theo phuong trinh (3.8):

C, +28ycC, + 2§2V/2C3
28y (1+1)cy +28% (14 2r)c, + 4% °c, + ¢,
o day r, w, £ va Co, C1, C2, €3 dugc xac dinh theo phuong trinh (3.9), (3.10) [87],[97]
h ha @

tang| = (3.8)

B 50 o
C, = cosh?(&)-cos® (&) +sinh?®(&)-sin*(&)
¢, = cosh(¢)-sinh (&) +cos(¢)-sin (&) (3.10)

¢, =cosh?(&)-sin?(&)+sinh?(&)-cos? (&)
c, =cosh(&)-sinh(&)—cos(&)-sin(¢)
6 day ham sinh(x) va cosh(x) la cac ham hyperbolic: sinh(x)=(e*-e™)/2;
cosh(x)=(e*+e™)/2.

3.3.2.2. Xdy dung hé thong thiec nghiém

So d6 thuc nghiém duoc biéu dién trén Hinh 3.17a trong d6 gdm 2 phan chinh:
kénh cua dong phun va kénh cia dong ngang. Bé tao dong khi cho dong phun, hé
thdng sir dung may théi khi cong suat dinh mic 0,8 kW di kém b diéu chinh cong
suit. Luu luong khong khi dugc do theo nguyén 1y chénh 4p qua tim tiét luu I (TCVN
8113-1:2009, 1SO 5167-1:2003 [4]). Mirc chénh 4p dugc do bang thiét bi 2 - Kimo
MP 210G gan bo &p ké vi sai MPR 10000 - ¢6 dai do dén 10000Pa, ¢ phan giai 1Pa,
d6 chinh xéac +0,2% hoic +10 Pa [62]. Ong do c6 duong kinh trong Dinsiee=30 mm,
tly thudc vao luu lwong khi chay qua ma 13 tiét luu co duong kinh dorifice=7mm, 10mm
hoac 15mm, dugc thiét ké theo tiéu chuan TCVN 8113-2:2009, 1SO 5167-2:2003 [5].

DPé 6n dinh dong cho dong phun st dung khoang 6n dinh 5 kich thuéc
250x250x400 mm c6 mang san dong 6 & gitra. Cac 16 phun duong kinh 5 mm duoc
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khoan trén tim mica II c6 d day 6 mm, ty sb giita d6 day va duong kinh 16 nam trong
dai thuong gap caa mang phan phdi thuc trén canh tuabin.

1 1
B
—> 1= —

> /; |
/7
— [ |
I-chi tiét 5‘1HJ
Dong nga% , 5
Dong phun 1 e g
d_orifice || D_inside
1 6\> ______ ifice |
gl\ II-chi tiét, 2:1
| —— — o

16 15 20 ° R @
o g °
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Hinh 3.17. So d6 thuc nghiém
a—so d6 lap dat; b — So d6 kiém tra phan bd van toc dong ngang
| - dng do luu lugng theo nguyén ly 15 tiét luu; I — mang phan phoi
1 — may thoi khi; 2 — ap ké vi sai Kimo MP 210G; 3— nhiét ké dién tu; 4 — ap ké; 5
— hop 6n dinh dong phun; 6 — mang san dong; 7 - éng dan khi; 8 — tim kim loai; 9 —
dén halogen; 10 — camera nhiét Flir i7; 11 — camera ky thuat s6; 12 — dén hién thi
trang thai mach; 13 — may tinh; 14 — mach diéu khién xung cho dén halogen; 15 —
testo 425; 16 — hop cap khi cho dong ngang; 17 — quat thoi véi bo diéu chinh dién
&p; 18 — bo say; 19 - dng pitot; 20 - thiét bi E Instruments E8500 plus
Kénh cua dong ngang bao gom quat 17 cong suat 240 W di kém bo diéu chinh
cdng suat, khoang on dinh &p suat 16 kich thuéc 350x350x350 mm, dng dan dong
ngang bang mica c6 mat cit hinh chit nhat, kich thudce trong 1a Hx250 mm (H khoang
cach tir mang phan phdi téi bé miat tim dich), chiéu dai tinh téi tim kim loai 1a
500mm, sau d6 dudng din khong khi ra méi truong 6 chiéu dai 250 mm. Trudc qué
trinh do, van tdc dong ngang duoc khao sét tai 10 diém theo truc y bang thiét b E-
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Instruments E8500 plus (Hinh 3.17 b), két qua cho thay tai khu vuc tir tim dén vi tri
cach thanh 10mm van tc léch nhau khong dang ké va cé thé coi chiing bang nhau.

Trong qué trinh thuc nghiém, thiét bi Testo 425 duoc sir dung dé do van téc
va nhiét d6 cua dong chay o duong tam caia kénh din (Hinh 3.17). Thiét bi Testo 425
c6 dai do van téc tir 0 dén 20 m/s, d6 nhay 0,01 m/s, sai s6 0,03 m/s (hoic +5%),
dai do nhiét do tir -20+70°C, do nhay 0,1°C, sai s6 +0,5°C khi nhiét do trong dai
0+60°C [142]. Bé can bang nhiét do giita dong phun va dong ngang thi cira hit cua
quat 17 c6 lap dat bo sdy 18 cung bo diéu khién di kém, sai 1éch nhiét d6 giira hai
dong dugc duy tri nhé hon 0,2°C (theo ddi bang cam bién nhiét s6 3 va testo 425 s6
15). Tam kim loai dugc ding l1am tam dich c6 kich thudc 250x250x1 mm.

Pé cung cap xung nhiét cho tim kim loai, st dung 2 bong dén halogen 500W
duoc diéu khién boi mach dién tir, chu ky c6 thé thay ddi trong dai 5+60s. Trong thir
nghiém nay, téc gia lya chon chu ky p=30s, vi theo cong trinh [37] & ¢an nho hon 0,5, &
day £=0,09, dong thoi hé s trao doi nhiét khdng thir nguyén y can nam trong dai 0,1+10.

Nhiét d6 trén bé mat tam kim loai dugc do bang camera nhiét loai Flir i7, c6
dai do -20+250°C, d6 nhay nhiét <0,1°C, d¢6 chinh xac +2%, 6ng kinh c6 tiéu cu
f=6,76 mm, trudng nhin 29°, hinh anh c6 d6 phan giai 240x240 pixels, tan s6 do 9Hz
[38], [39]. Bé ghi va ddng bo dit lidu tir camera nhiét va xung dong dién cip cho dén
halogen, tac gia ding camera k§ thuat sb dé quay lai dong thoi dén hién thi trang thai
mach 12 va camera nhiét 10. Camera k§ thuat s6 nay c6 khau d /2.0, tiéu cu 28 mm,
d6 phan giai 13 MP, téc d6 chup 30Hz.

3.3.2.3. Cdc ché dg thiee nghiém

Thuc nghiém nay cting véi md hinh md phong duoc dung dé nghién ciu anh
huong caa cac thong sé nhu ty 18 H/D, S/D, VR, Rej, D t6i hé s6 trao d6i nhiét nham
c6 co so dé lua chon két cdu mang phan phdi méi. Chinh vi vay cac ché do thuc
nghiém dugc lya chon nhu trong Bang 3.8. M6 hinh mot cot doc 1x3 16 danh cho céc
trudng hop cac cot 16 phun cach xa nhau, coi nhu khong ¢6 anh huong giira cac cot
doc, con md hinh 3x3 15 nham mé ta cac truong hop hang va cot cach déu véi clng
khoang céach.

Trong cac ché do thyc nghiém trong Bang 3.8 ¢6 Rej>10000, bén canh d6 tir
thong s6 van téc dong ngang va kich thudc ciia hop dan tinh toan duoc s6 Reynolds
cua dong ngang Reer =2ucrH/v (Uer — van téc dong ngang, [m/s]; H — chiéu cao khe
gitta mang phan phdi va tim dich, [m]; v — d6 nhét dong hoc cua chat khi [m?/s])
(xem Hinh 3.18). O day ta thy rang khi VR<15 thi dong chay ngang luén c6
Recr>4000. Nhu vay c6 thé ndi dong phun va dong ngang & hau hét ché do thuc
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nghiém trén chay ¢ ché d6 chay rdi, chi c6 ché do TN3.4a va TN3.4b thi dong ngang
chay & ché do chuyén tiép (Recr=3600).
Bang 3.8. Bang cac ché d¢ thuc nghiém

Nhém thuc nghiém Thong s6 bién thién M4 thwc nghiém
M©6 hinh | M®& hinh
1x3 16 3x3 16
Thir nghiém kiém chang 116; H/D=2; TNO.1
Rej=25000, VR=00
115; H/D=2; TN 0.2
Rej=13400; VR=7
Anh huéng cua khoang cach H/D=2; VR=4 TN 1.1a TN 1.1b
tuong dbi H/D H/D=3; VR=6 TN 1.2a TN 1.2b
(S/D=10; Rej=13000) H/D=4; VR=8 TN 1.3a TN 1.3b
H/D=3; VR=7 TN 1.4a TN1.4b
H/D=4; VR=7 TN 1.5a TN 1.5b
H/D=2; VR=7 TN 1.6a TN 1.6b
Anh huéng cua buéc 13 twong S/D=10 TN2la | TN21b
d6i S/ID S/D=8 TN22a | TN2.2b
(H/D=2; Rej=13000; VR=7) S/D=5 TN2.3a | TN2.3b
S/D=3 TN 2.4a TN 2.4b
Anh hudng cua ty so van toc VR=5 TN3.1a | TN3.1b
dong phun/dong ngang VR VR=7 TN 3.2a TN 3.2b
(H/D=2; S/ID=10, Re;=13000) VR=10 TN 3.3a TN 3.3b
VR=15 TN 3.4a TN 3.4b
VR=w0 TN 3.5a TN 3.5b
Anh huong cua sé Reynolds cua Rej=13000 TN4.la | TN4.1b
dong phun Re; Re; =15000 TN42a | TN4.2b
(VR=7; H/D=2; S/ID=10) Rej =18000 TN 4.3a TN 4.3b
21000 & Re iz
_ e_j=13000
18000 X N Re_j=15000
15000 SN —o—Re_j=18000
& 12000 \%\\. —a- -Re_j=20000
9000 ~:—
= — . _
6000 ey TN
3000
4 6 8 10 12 14 16
VR

Hinh 3.18. S6 Reynolds ciia dong ngang Reer & cac trudng hop Rej va VR khéc nhau

(H=

10mm; D=5mm)




87

3.3.2.4. Xur Iy 56 liéu thuc nghiém

S6 liéu thu duoc tir thuc nghiém 1a tap hop céc birc anh k§ thuat sé theo thoi
gian ghi lai dién bién nhiét d6 tam kim loai hién thi trén man hinh camera nhiét. T
c4c dit liéu ndy can xay dung duoc do thi caa nhiét do tai timg diém trén bé mat ngoai,
két hop vai viéc ddng bo dit lidu voi dao dong caa ngudn nhiét (dén halogen) dé xac
dinh d6 tré pha ¢ cua nhiét do tai cac diém trén bé mat ngoai tam kim loai. Khi da
biét do tré pha ¢, viéc xac dinh hé sé trao doi nhiét h duoc thuc hién bang cach giai
phuong trinh (3.8).

__________________________

Poc va xir 1y s0 ligu tur Do trén mo hinh ban vo

1 1

I 1

1 1

1 1

Y 1 1

anh k¥ thuat so : han (h=0) :
ih [Xmax Vmax imax] : - J :
n 1 1

; : A4 :

Bu tréi di ligu i | Xécdinh do trd ciadeén |
T’[Xmax Ymax imax] : halogcn A(Pdelay :
' VA

1 1

1 1

A4

Dong b thoi gian, Phan tich Fourier
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Tim d9 tré pha hiéu chinh
(P’ [Xmax y:nax]:(P [Xmax Ymax] +(pnullphase+ A(Pdelay

:

Giai phuong trinh tim
hé s6 trao doi nhiét h [Xmax Yonax]

Hinh 3.19. So dd cac budc xir ly s6 liéu thuc nghiém
xmax*ymax — kich thudc khung anh; imax — tong sé anh; T[xmax ymax imax],
T’[xmax ymax imax] —dir liéu nhiét do & dang ma tran kich thudc
xmax*ymax*imax trudc va sau bu troi dir ligu; ¢[xmax ymax], ¢’[xmax ymax] —di
liéu @0 tré pha & dang ma tran kich thuée xmax*ymax truéc va sau khi thém céc
thanh phan hiéu chinh; Tave(i) —nhiét d6 trung binh caa toan tam & thoi diém chup
anh thir i; enullphase — do léch pha giita thoi diém t=0 ctia dén halogen va cua
camera nhiét; Apdelay — do tré nhiét cua dén halogen
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Céc bude xt ly s6 liéu thuc nghiém duogc thuc hién theo so dd trén Hinh 3.19,
chi tiét vé tirng budc tinh toan duoc thé hién trong Phuy luc 3 va thuat toan duoc viét
bang phan mém Matlab R14a (xem Phy luc 4).

3.3.3. Xdy dung mé hinh mé phéng xdc dinh hé sé trao doi nhiét cho mé hinh dang
tdm phéng bang phin mém ANSYS-CFX

Do han ché vé thiét bi nén viéc thuc nghiém khong thé khao sat toan bo dai
van toc dong phun, dong ngang, dai thay ddi cac thong sé hinh hoc. Dong phun bj
gidi han Rej<18000, con ty s6 dong phun/dong ngang YR>3, ty s6 H/D=2, 3, 4 (xem
Bang 3.8). Ngoai ra, m6 hinh thyc nghiém x@y dung trong muc 3.3.2 chi thu dugc hé
s6 trao doi nhiét, con cac két qua vé dong chay nhu phan bd trudng van téc can co
mé hinh ly thuyét xay dung trong ANSYS-CFX. Két qua cua mé hinh ly thuyét sau
khi kiém nghiém bang két qua thuc nghiém s& duoc sir dung dé bo sung cac két qua
con thiéu & qua trinh thyc nghiém va trong cac truong hop viéc thuc nghiém khong
thé thuc hién.

Lo phun L — - — Ll Bé mat tam dich

Dong ngang

0.075 m————l

_____________

Pau vao dong phun
Hinh 3.20. Chia ludi khdi khi chay trong md hinh tam phang

M hinh Iy thuyét trao d6i nhiét trén tam phang dugc lam mat bang mang phan
phdi (md hinh B) duoc xay dung bang phan mém ANSYS-CFX. Viéc chia lugi &
dang lai Hybrid, luéi sat bién dam bao y*<1. Sé luong phan tir trong md hinh nay
(Hinh 3.20) nam trong dai 1a 4+ 11 triéu, tdy thuéc vao mé hinh 3, 4, 9, 25 15 phun.

Theo c¢ong trinh [104], [105] ngoai md hinh DNS, LES thi mé hinh rbi SST
(Shear Stress Transport) cho két qua tét hon ca va khong doi hoi tai nguyén may tinh
qué 16n. M6 hinh nay dung hai dau vao, trong d6 mot dau vao cho dong phun va mot
dau vao cho dong ngang, cac truong hop tinh toan dugc thé hién trén Bang 3.9. Dé
c6 qué trinh truyén nhiét xay ra, thong luong nhiét bé mat duoc cai dat & gia tri khong
d6i (q=230000[W/m?]).
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Bang 3.9. Cac truong hop tinh todn mé phong

Thoéng so Truong hop tinh toan
S6 lwong 16 phun 3,4,9,25
Puong kinh 16 phun D, [mm] 0,3; 0,5; 0,75
Ty s6 H/D 1;15;2;3:4:5
Ty 56 S/D 3,5,8, 10
S Reynolds caa dong phun, Re; 13000, 15000, 18000, 20000, 25000
VR 3;5;7;10; 15;

3.3.4. Kiém nghiém két qua mé phéng va thir nghiém cho mé hinh tim phang
Véi ciing truong hop s6 Reynolds ciia dong phun Rej=25000 va khong c6 dong
ngang (Hinh 3.21), két qua thir nghiém va mé phong duogc kiém nghiém vai dit liu
trong céng trinh [26]. O day Carlo Carcasi dwa ra hai duong két qua khi sir dung
phuong phéap 2 -nhiét d6 dién bién theo thoi gian (dudng ‘Mesh’) va sir dung phuong
phap 1 - nhiét do 6n dinh theo thoi gian (duwong ‘Inconel’). Puong thuc nghiém
(duong ‘“TOIRT-TNO1”) luén nam trong duong bién d6 sai s6 15%Nuaye, da phan sai
léch vai [26] dudi 10%. Két qua md phong bang ANSYS-CFX (duong ‘CFD’) ciing
nam trong bién d6 sai 6 15%Nuaye, chi c6 viing nho 0,6<r/D<0,9 sai s6 vuot ngudng
nay, sai s6 ¢ day toi 30%.
200

—e— TOIRT - TNO1

—o— Mesh - [Carlo Carcasci]

N
T TN

—&- - Inconel - [Carlo Carcasci]

0 0.5 1 15 p 2 2.5 3 35 4

Hinh 3.21. Kiém nghiém két qua thuc nghiém TN 0.1, md phong bang [26] véi bién
d6 sai s6 15%Nuayve (Rej=25000, H/D=2, VR=w)

Véi truong hop c6 dong ngang (Rej=13400, H/D=2, VR=7) duong két qua
thuc nghiém bang phuong phap TOIRT (duong TOIRT-TNO2) bam sat duong két
qua cua cdng trinh [72] v&i bién do sai s6 15%Nuae (Hinh 3.22). Tai ving
x/D=2,5+3,5 va x/D<-1 sai léch vugt ngudng nay, nhung cling khong qua 20%Nuave.
Két qua tinh toan Nu tir CFD c6 gid tri cao hon so véi dudng thuc nghiém cua NCS



90

va cua Makatar Wae-hayee [72], da phan sai léch véi [72] nim trong ngudng
20%NuUave, chi c6 doan x/D=1+3 sai sb dat t&i 30%, doan x/D=-0,5+0,5 va x/D>3,5
sai s6 khong dang ké.

180

—=—[Makatar\Wae-hayee]-Exp
150

—CFD
120

—e—TOIRT-TNO2
>
= 90

60
30

0
-2 -1 0 1 Xﬁ:) 3 4 5 6

SHhaaa
ras oy = ISPEN

Hinh 3.22. Kiém nghiém két qua thuc nghiém TN 0.2, md phong bang [72] véi bién
d6 sai 56 15%Nuave (Rej=13400, H/D=2 va VR=7)

O mo6 hinh nhiéu I8 hon, ta c6 két qua so sanh gitta md phong va thyc nghiém
trén Hinh 3.23. O day ta thay quy luat phan b6 Nu cua thuc nghiém va md phong la
tuong ddng, sai léch Nu giita md phong va thuc nghiém thuong khong vuot qué
15%Nuave (Hinh 3.23). Dic biét két qua ¢ 16 thir nhat c¢d sai s6 nhé hon 5%. Tai
khoang giira cua 16 thir hai va 15 thi ba (x/D= 3,5+5,5) sai s6 ting 1én vuot mic
15%Nuave, €O thé Ién t6i 30%. O khu vuc 16 gitra do anh hudng nhiéu cua dau thap
trén man hinh camera nhiét nén két qua trén duong TOIRT(*) 1a két qua da qua phép
xur Iy ndi suy tir cac diém khong bi nhidu xung quanh.

250

TOIRT
. — —=CFD

. = - =TOIRT(*)
R\\RIEEE TOIRT+0,15Nu_ave

200

150
]
2

100

o
-----
....

Cecs

Hinh 3.23. So sanh két qua mé phong va thuc nghiém trong mé hinh 1x3 15 véi
Re;=13000, VR=7, H/D=2, S/D=8
Tir cac két qua so sanh trén co thé thay viéc mé phong trong CFD va thir
nghiém bang phuong phap TOIRT cho ra cac két qua twong ddng va khong sai léch
nhiéu so véi cac két qua da cong bd [26], [72]. Céc sai s6 nay tuy con 16n (<15%)
nhung nam trong dai sai s6 thuong gap ¢ cac bai toan xac dinh hé sb trao ddi nhiét
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cua mang phan phdi va phi hop véi két qua nghién ctru trong tu di cong bé [31],
[72], [73], [86]. Nhu vay, cd thé st dung ddng thoi hodc mét trong hai phuong phap
nay (md phong CFD hoic thir nghiém bang TOIRT) dé nghién ctu hé sé trao doi
nhiét trén bé mat tim phang dwoc lam mat bang mang phan phéi cé xét téi twong tac
gitra dong phun va dong ngang.

3.4. Két luan Chuong 3

Chuong 3 da xay dung dugc mo hinh mé phong trao doi nhiét cho CPCA dong
co DR76 bang phan mém ANSYS-CFX véi phuong phap RANS, mé hinh réi SST.
M hinh trao d6i nhiét caia CPCA duoc st dung dé xac dinh vi tri can ting cudng lam
mat, ddng thoi kiém tra hiéu qua ting cudng lam mat cia cac phuong an canh di cai
tién. M6 hinh trao doi nhiét nay duogc kiém ching bang cach so sanh két qua mo
phong véi két qua thuc nghiém trén canh Mark 11 [52]. Sai s6 vé ap suat va nhiét do
tai bé mat ngoai cua canh twong tng nho hon 5% va 3%; sai s6 hé s6 trao do6i nhiét
nhé hon 20%, twong tu nhu sai s6 ciia cac cong trinh [24], [31], [82] di cong b. Piéu
d6 cho phép khang dinh mé hinh trao d6i nhiét cua canh phun da xay dung hoan toan
du do tin cay va cd thé sir dung dé khao sat trang thai nhiét cho CPCA dong co DR76.

Trong Chuong 3, tac gia luan an d& xay dung thanh cong hé théng thir nghiém
bang phuong phap TOIRT va mé hinh md phong bang ANSYS-CFX dé xac dinh hé
s6 trao doi nhiét cho mo hinh dang tim phang dong dang voi kénh dan khong khi
phia trong lung canh. Hé sé trao ddi nhiét thu dugc tir thyc nghiém TOIRT, md phong
CFD duoc so sanh véi nhau va duoc kiém nghiém bang dix liéu da cong bd [26], [72].
Két qua hé sé trao doi nhiét phi hop vé hinh dang bién thién, trong d6 sai 1éch giita
két qua thuc nghiém TOIRT véi [26], [72] tuong tng nho hon 10% va 15%, két qua
mo phong CFD sai léch so véi [26], [72] nho hon 15% va 20%. Sai léch giita két qua
moé phong CFD so voi két qua thuc nghiém TOIRT & md hinh nhiéu 15 c6 xét t6i
dong ngang nho hon 15%, nhiéu ving nhé hon 10%. Cac sai s6 nay nam trong dai
sai s6 thuong gap o cac bai toan xac dinh hé sé trao d6i nhiét cia mang phan phdi va
phu hop véi két qua nghién ctru twong tu da cong bé [31], [72], [73], [86].

Két qua thuc nghiém va mé phong cho md hinh vat 1y dong dang tién hanh
trong Chuong 3 cho phép danh gia anh huéng caa cac thong sb hinh hoc (S/D, H/D)
va khi dong (Rej, VR) tdi hé s trao doi nhiét tai bé mat bén trong lung canh khi c6
tuong tac gitta dong phun tir mang phan phdi va dong ngang tir khu vuc dau canh
chay t6i 1am co s& dé lra chon két cAu mang phan phéi trong Chuong 4.
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CHUONG 4. GIAI PHAP TANG CUONG LAM MAT CANH PHUN
TUABIN CAO AP PONG CO DR76

Chuong 4 trinh bay giai phap tang cuong lam méat cho CPCA dong co DR76
bang phuong phap bo sung dong phun tir mang phan phéi. Canh phun nay duoc 1am
mét dang dbi luu bang mang phan phéi, tuy nhién mai chi c6 cac 16 phun khi téi khu
vuc mii canh, két ciu cua canh va cac thdng sé hinh hoc, théng sé dong khi duoc
trinh bay trén Hinh 1.1, Hinh 1.2, Bang 3.6, Bang 3.7, Bang PL1.1 (Phu luc 1). Cac
két qua duoc tinh toan tir cac md hinh mé phong va thuc nghiém da xay dung trong
Chuong 3 (M6 hinh nguyén mau A va mé hinh dong dang B).

Noi dung va trinh ty nghién ctu bao gom:

Trudc tién s& khao sat phan bd nhiét do trén bé mat canh nguyén ban (muc
4.1.1), tim ra khu vuc chiu nhiét d6 cao nhat & cac ché do thuong xuyén van hanh,
xéac dinh sy can thiét cua viéc ting cuong lam mat va vi tri can ting cudng 1am mat.
Két qua so bo cho thiy lung canh 12 khu vuc can ting cuong 1am mét.

Sau d6 st dung m6 hinh thuc nghiém va mé phong da xay dung trong muc 3.3
dé khao sat anh hudng cia cac thong s hinh hoc (S/D, H/D) va dong khi (Rej, VR)
t6i Nu (muc 4.3). Két qua dua ra cac khuyén cdo vé dai S/D, H/D véi tiéu chi thu
duoc Nu cao nhat khi luu luong cac dong chay khong doi. Nghién ciru duoc thuc hién
trén mé hinh ddng dang, két qua thu dugc & dang khong thir nguyén, bao gom ca két
qua vé anh huong thdng sé dong khi (Rej, VR) téi Nu nham dam bao tinh tong quét
cua ndi dung nghién ctru. Céc két qua nay co thé dugc tng dung vao ca khu vuc bung
canh hoic déi twong canh phun khac c6 két cdu tuong tu.

Cac thong sé hinh hoc tir cac dai khuyén céo budc 16 twong dbi S/D, khoang
cach twong d6i H/D & muc 4.3 s& duoc cu thé hoa, 4p dung cho dbi tuong CPCA dong
co DR76. O day, can xac dinh cu thé duong kinh D, sb luong 16 can thiét véi yéu cau
khong duoc thay doi luu lugng khong khi 1am mat. Cac phuong an két cau mang phan
phdi mai dugc dé xuat trong muc 4.3.

Cac két qua tang cuong lam mét cho CPCA dong co DR76 dugc trinh bay
trong muc 4.4. Hiéu qua lam mat cta cac phuong an nay dugc danh gia thong qua hé
s6 lam mat 6, mic d6 giam nhiét 6 cuc dai va nhiét d6 trung binh cua canh so véi
phuong an nguyén ban, hé sé du trit nhiét. Bén canh do, khi két hop giita mang phan
phdi mai va giam nhiét do dong khong khi 1am mat s& thay ré duoc viée ting cuong
hé sb trao d6i nhiét c6 tac dung lon d6i vai viéc 1am méat canh phun tuabin.
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4.1. Khao sat phan bd nhiét do va wng suit nhiét trén canh phun tuabin cao ap
dong co DR76 bang phwong phiap mé phéng

4.1.1. Khdo sdt phéan bé nhigt dé va teng sudt nhiét trén canh phun tuabin cao ap
dpng co DR76 ¢ cdc ché dp van hanh

4.1.1.1. Bién thién cdc théng so dong khi trong kénh heu théng ciia CPCA

Két qua tir md hinh nguy&n mau A bao gom két qua khi dong luc hoc cua dong
khi ndng chay trong kénh luu thong, dong khéng khi lam mat chay bén trong kénh
dan, trang thai nhiét caa canh tuabin. Trong muc niay xem xét dén mot sé két qua
chinh caa dong khi ndng chay trong kénh luu théng, bao gom két qua vé nhiét do
dong (Hinh 4.1), van téc dong (Hinh 4.2a), dong ning rdi caa dong (Hinh 4.2b) va &p
suat dong chay (Hinh 4.2c).
T T——__ ___Temperature

Contour 12

\ ) 1.360e+003

- 1 1.344e+003

~ 1.329e+003

1.313e+003

- 1.298e+003

1.282e+003
1.266e+003

\ 1.251e+003
: 1.235e+003
1.219e+003

1.204e+003

1.188e+003

1.173e+003

% 1.157e+003
/ I 1.141e+003
1.126e+003
1.110e+003
\ [K]
Hinh 4.1. Phan b nhiét do dong khi trong kénh luu thong ciia CPCA dong co DR76
& cac do cao khac nhau (ché do dinh muc)
a—do cao 25%; b — dd cao 50%; ¢ — do cao 75%

Hinh 4.1 biéu din su bién thién nhiét do dong khi trong kénh luwu thong & cac
d6 cao khac nhau, dong khi c6 nhiét d6 cao nhat ¢ d6 cao trung binh do su phan bé
nhiét do dong khi sau budng dot khong dong déu va cao nhat & do cao trung binh
(Hinh 3.11). Nhiét d6 dong khong khi 1am mét c6 bién thién theo ca do cao va doc
theo kénh dan, tuy nhién trén Hinh 4.1 khdng thé hién sy bién thién nay do két qua
nhiét 6 dong khong khi 1am mat nim ngoai dai hién thi duoc lwa chon. Két qua chi
tiét cua nhiét do va van téc dong khdng khi 1am mat trong kénh dan phia trong duoc
trinh bay chi tiét trén Hinh 4.37, Hinh 4.38 va trong Phu luc 2.
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Két qua trén Hinh 4.1, Hinh 4.2 cho thiy: doc theo kénh luu thong cua CPCA
c6 nhiét d6 va ap suat dong khi giam dan, vén téc ting dan; tai phia bung canh dong
khi c6 nhiét do va ap suit cao hon phia lung, van tdc thi nguoc lai. Cac két qua nay
hoan toan phu hop véi ly thuyét dong chay trong tuabin [135]. Cac ché do khéc (80%,
62,5%, 50% tay ga, dao chiéu) cho céac két qua tuong tu.

Velocit Turbulence Kinetic Energy.Beta Pressure
Vector 7 Contour 12 = Contour 12
5.334e+002 . 1.000e+000 | | 1.231e+006
I 9.000e-001 \ I 1:200e+000
\ .168e+
P 8.000e-001 1.137€+006
gl 7.000e-001 1.105e+006

! 2.667e+002

5.000e-001
w 4.000e-001

6.000e-001

1.074e+006

\ 1.042e+006
\ #1,011e+006

9.792e+005

3.000e-001 - 9.477e+005
1 9.162e+005
1.334e+002 b @ % 2.000e-001 8.8476+005
) I 1.000e-001 | 8.533e+005
0.000e+000 8.218e+005
0.000e+000 7.903e+005

[m s*-1] e e [Pa]

0.045 0.090 (m)
0 0.045 0090 (m) o 0.045 0,090 (m)
0.0225 0.067 _0.0225 —0.067 0.0225 0.067
a b C

Hinh 4.2. Phan b van tdc (a), dong ning réi (b) va ap suat caa dong khi trong kénh
lwu thong (c) tai mat cat trung binh CPCA (ché @6 dinh muc)

4.1.1.2. Phén bé nhiét o trén bién dang canh phun

Két qua nhiét do cuc dai Tmax, Nhiét do trung binh Tave cua bién dang canh &
cac ché do duoc trinh bay trong d6 thi Hinh 4.3. Khi giam tay ga 10% thi Tmax giam
khoang 35 K, Tave giam khoang 30 K. Két qua trén Hinh 4.3 ciing cho thay:

1300
Z 1200 N
‘é‘ 1100 Tg
;g. 1000 T_max
Z 900 BT ave
800

80%  daochiéu 62.50%
Ché dd, [% tay ga]

100% 50%

Hinh 4.3. D6 thi biéu dién mét s6 thong sé nhiét do trén canh & cac ché do
- PO sau lam mat trung binh (AT, =T, -T,) nam trong dai
ATae=178+221K, tai viing nhiét do cuc dai, mic do giam nhiét (AT, =T, =T )
nam trong khoang ATmax = 63+75K.
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- Ty 1€ Ivu lvong khong khi lam méat ge=G¢/Ga (trong d6 Ge, Ga tuong g 1a Iuu
luong khong khi lam mat CPCA va luu lugng khdng khi chay qua may nen, kg/s) va hé
s6 lam mat 6 it thay doi & cac ché do (9c=1,9+2,2%; 0 = 0,36+0,39) cAc gia tri ndy nam
trong dai thuong gap cua kiéu lam mét d6i luu dung mang phan phéi [34], [118].

Nhiét do cuc dai & ché do dinh mic Tmax=1183K, trong khi d6 nhiét do 1am
viéc téi da cua hop kim niken chiu nhiét JKC6K 1a [T]u=1273K [117], [120]. Hé s6
du tri nhiét [n]7=[T]w/Tmax=1,08, twong tng va4i nhiét @6 du trir Tr=[T]w - Tmax= 90K.
Pay 1a mot trong nhiing ly do khong thé duy tri ché d6 nay trong thoi gian dai, tong
thoi gian hoat dong & ché d6 dinh muc cua dong co DR76 sau mdi lan dai tu chi 1a
200 gio. Trong diéu kién thoi binh it khi dong co phai hoat dong & ché do nay, tuy
nhién trong diéu Kién thoi chién day sé 1a han ché rat Ion. Dé tang cac thong sb dy
trir nhiét ([n]r, Tr) hodc 14 thay thé vat liéu tién tién, dat tién hon, hoac 1 can ting
cudng 1am mat, giam nhiét d6 cho canh tuabin. Khi d6 c6 thé ting thoi gian hoat dong
cua dong co & ché do dinh muc.

Két qua tinh toan phan bd nhiét do trén bién dang canh phun duoc thé hién
trén Hinh 4.4 va Hinh 4.5. Ta thiy phan b nhiét d6 trén canh phun ¢ cac ché do hoat
dong dong dang vai nhau va vi tri cia ving nhiét do cuc dai gan nhu khong thay doi.

Temperature
Contour 13
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Temperature! P
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7.350e+002]

0.0075 0.0225

Hinh 4.5. Phan b nhiét d6 trén bé mit ngoai canh phun tai ché do 50% tay ga
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Hinh 4.4+Hinh 4.6 cho thdy vuing nhiét d6 cuc dai nam & khu vuc d6 cao trung
binh cta lung canh. Diéu nay duoc giai thich béi mét s6 1y do nhu sau:

Temperature
Contour 14
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Hinh 4.6. Phan b nhiét d6 trong canh tai cac do cao khac nhau (ché d6 dinh muc)
a—do cao 25%; b — @6 cao 50%; ¢ — do cao 75%

- Khu vuc ¢6 do cao trung binh c¢6 nhiét do dong khi cao nhat (Hinh 4.1), ¢ hai
dau canh mot luogng nhiét 16n duoc truyén nhiét ra vanh dai trén va dudi, do vay ving
nhiét do cuc dai xuat hién & khu vie d6 cao trung binh;

- O vling mili canh c6 dong khong khi 1am mét thoi tir mang phan phéi, hé sé
trao doi nhiét & viing nay tang 1én cao (Hinh 4.7a), nhiét &6 cuc dai khdng xuat hién
O mii canh;

- Tuy nhiét do dong khi nong phia bung canh cao hon lung canh (Hinh 4.1)
nhung do kénh din khong khi 1am mat phia lung dai hon, stc can thiy hec 16n hon,
Iru lugng khdng khi chay qua kénh nay nho hon, hé s trao d6i nhiét & bé mat trong
cta lung canh nhé hon bung canh (Hinh 4.7b). Do vay nhiét &6 cuc dai xuat hién &
lung canh chtr khong phai bung canh.

4.1.1.3. Hé s6 trao doi nhiét trén bé mdt canh phun

Trén Hinh 4.7 trinh bay két qua hé sb trao ddi nhiét h giira dong khong khi lam
mét véi thanh vach bén trong CPCA. Tai miii canh, hé sé h ting manh do hiéu tng
ludng khdng khi 1am mat thoi tir mang phan phdi va dap vao miii canh (ly thuyét vé
hiéu ing nay da trinh bay & muc 1.2.3 trang 17). Sau d6 theo hudng tir miii canh tai
dudi canh, hé s trao doi nhiét giam do dong nang hon loai giam dan (Hinh 4.7).

Cuong do dong nhiét qw phan bd phic tap hon (Hinh 4.8), tai miii canh qw c6
gia trj 16n nhét do dong khi ndng théi truc dién vao khu vuc nay, sau do 1a khu vuc

sat dudi canh & ca phan phia bung va lung. Tai miii canh, hé s trao d6i nhiét caa
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thanh vach vai dong khéng khi lam mat cé gia tri cao (Hinh 4.7) nén nhiét do tai khu
vuc nay khéng cao (Hinh 4.4). Phan bb cuong do dong nhiét qw di ra khoi bé mat
trong cua canh kha twong dong véi hé sé trao d6i nhiét h.
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Hinh 4.7. Hé s trao doi nhiét h tir dong khi vao bé mit trong caa canh
~ (ché d6 dinh muc)
a — dai hién thi toan bd; b — dai hién thi cuc bo
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Hinh 4.8. Phan b cuong d6 dong nhiét di vao bé mat ngoai cua canh (ché do dinh mirc)
4.1.1.4. Ung sudt nhiét ¢ trén cdnh

Ung suat phap tuyén (normal stress) dat cuc dai & bung canh va dau ving lung
(Hinh 4.9 a). O day ng suat phap tuyén mang dau &m, cao nhat dat 125MPa, tic la
canh bi nén. Ung suat tiép tuyén (shear stress) dat cuc dai ¢ ving gitta bung canh
(~86MPa), con vung lung ng suat nay kha nho (da phan trong dai 7+23MPa) (xem
Hinh 4.9 b). Vi ca ang suat phéap tuyén va tiép tuyén déu xay ra & khu vuc giira bung
canh nén ng suat quy dan (eq. stress) dat cuc dai (~ 190MPa) ¢ gitra tim bung cénh
(Hinh 4.9c).

Két qua tinh toan cho thay, phan bd cua ¢ng suat phap tuyén, tng suit tiép
tuyén, (tng suit quy dan trén phan bién dang canh & cac ché do van hanh kha twong
d6ng voi nhau. Biu ndy c6 thé duoc giai thich bai su dong dang cua phan bé nhiét
do trén canh & cac ché do van hanh (Hinh 4.4, Hinh 4.5). Hinh 4.10 trinh bay két qua
ring suat phap tuyén, tiép tuyén va quy dan cuc dai trén bién dang canh & céc ché do,
khi ché do tay ga giam 10% thi gia tri cua ching giam twong ung 1a 4,5%, 2,7% va
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7,8%. Cac két qua nay nam trong dai gia tri thuong gap cia ng suat nhiét trén canh
tuabin [24], [76], [81], [107], [140].

c
Hinh 4.9. Ung sut nhiét trén bién dang canh & ché do dinh muc

a - Ung suat phap tuyén; b - Ung suat tiép tuyén; ¢ - Ung suat quy dan

200 e
o B ] .
— 150 % o i o
s 25 9% o b5
& 100 5 5] [ b5
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R oy i) e Shear Stress
2 = i e R i
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Hinh 4.10. Ung suat nhiét cuc dai & cac ché do
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Do canh phun bi kep bai hai vanh dai ¢ hai dau nén tng suét do luc khi thé
gdy ra cho canh phun tuong ddi nho, da phan ¢ng suit nhé hon 10MPa, chi mot sé
viing téi 20MPa. Qua tinh toan thay rang, phan b ng suét quy dan trén canh phun
DR76 khi xét t6i lyc khi thé khdng c6 su khéc biét dang ké so véi truong hop bo qua
luc khi thé.

Vit liéu JKC6K & 800°C, 900°C c6 gidi han bén [co2100] twong ung bang
370MPa, 200MPa [120]. Tir dit liéu tng suit nhiét (Hinh 4.9) va nhiét do (Hinh 4.4)
trén canh cho thay hai vi tri nguy hiém la: & khu vuc giira bung canh c6 tng suat cao
nhat (~200 MPa néu tinh ca thém tng suat do luc khi thé) nhung nhiét do nhé hon
800°C, so0 V&i gidi han bén, hé s6 an toan 16n hon 1,8; & khu vuc gitta lung canh c6
{rng suat nho hon 100MPa, nhiét d6 cao nhat 12 910°C, hé s6 an toan Ién hon 2,0. Cac
khu vuc khac déu cé tng suat va nhiét dd nho hon 2 khu vuc ndy, nhu vay hé sb an
toan trén bién dang canh phun luén I6n hon 1,8.

4.1.2. Khdo sdt nhigt d¢ va ieng sudt nhiét trén canh phun tuabin cao ap dgng co
DR76 khi thay déi thong sé dong khéong khi lam mdt

4.1.2.1. Anh hwéng ciia leu leong khong khi 1am mat 16i nhiét @ trén canh phun
Néu s6 lugng 156 phun tai khu vuc mili canh (9 15, budc 16 3mm) khong doi,
nhung thay d6i kich thugc 16 phun (D1) trén mang phan phéi thi luu luong khéng khi
thay doi rd rét, vi trong dudng luu thong ctia dong khong khi 1am mat thi tiét dién luu
thdng qua céac 16 nay la nho nhat (Bang 4.1).
Bang 4.1. Nhiét 4o canh phun véi luu lugng khong khi 1am méat khac nhau

Pwong kinh, [mm] | D:=0,6 | Di=0,8 Di=1,0 Di=1,5
| ] (Nguyén bin)

Tong dién tich cac 16 lam mat, F [mm?] 2,54 4,52 7,07 15,90
Ty I€ khong khi lam mat, gc [%] 1,01 1,6 2,08 2,9
Nhiét do cuc dai trén bé mat ngoai cta canh, | 1235 1177 1183 1135
Trex [K]
Nhiét do trung binh trén bé mat ngoai cua | 1075 | 1030 1026 989
canh, Tae [K]
Hé s6 lam mat, 0 028 | 0,35 0,36 0,42

Két qua trén Bang 4.1 cho thay ting gc 1am giam Tmax VA Tawe, €ON @ ting va
nguoc lai. Khi tang gc tir 2,08% 1€én 2,9% thi Tmax giam 22K, con Tave giam 20K. Khi
giam ge tir 2,08% con 1,6% thi Tmax VA Tave gdn nhu khong thay doi, con khi gc giam
xudng con 1,01% thi Tmax Va Tave ting 15 rét. Két qua md phong cho thay su phan b
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nhiét d6 trén bé mat ngoai cua canh 1a khong thay ddi nhiéu so véi phuong an nguyén
ban trén Hinh 4.4.

4.1.2.2. Anh huong ciia nhiét d6 va dp sudt khong khi lam mat t6i nhiét dg canh phun

Két qua vé su phu thudc cua nhiét do cuc dai Tmax VA nhiét d6 trung binh Tae
trén bé mat ngoai cua canh phun vao &p suit pe va nhiét do T dong khdng khi 1am
mat dugc trinh bay twong @ng trén Hinh 4.11, Hinh 4.12. Két qua cho thay khi nhiét
d6 dong khong khi 1am mat T giam anh huong r6 rét toi Tave hon 14 Tmax. O day nhiét
d6 khong khi lam mat Tc giam 100K twong tng V&i Tave giam 39K nhung Tmax chi
giam khoang 19K.

1240 --©---pc=1233 kPa 1120 - =-=-©---pc=1233kPa
= =0=-pc=1171,35kPa = 0= -pc=1171,35kPa
1220 —4 — pc=1109,7kPa 1080 . — & - pc=1109,7kPa
—=8— pc=1048,05kPa —+&— pc=1048,05kPa -
X 1200 et X'1040 T
= - — T -8
g o -~ #1000 - AT el
= _ _ - - - BT gt
- 1180 — e - [ A e “o-
_em T T o= T __e-T
1160 o= e 960 .-
="~ >l
1140 920
400 450 500 550 600 650 400 450 500 550 600 650
T, [K] T, [K]
Hinh 4.11. Do thi anh huong cia Te, pc~ Hinh 4.12. B6 thi anh hudng cua Te, pe
té,l Tmax té'l Ta\/e

Trong thuc té, khi s dung b trao ddi nhiét thi cling véi giam nhiét d6 khong
khi lam mét T, ap suat khéng khi 1am mat pe cling giam. Khi giam pc & 1am suy giam
lwu Iwong khdng khi 1am mét g (Hinh 4.13), do d6 1am ting Tmax VA Tave. Két qua cho
thay khi pe giam 10% thi Tmex ting trung binh 28 K, Ta tang 48 K, gc giam 0,9 %. Khi thay
d6i nhiét do va ap suat dong khdng khi 1am mat, sy phan b vé nhiét do trén bé mat
canh phun ciing khong c6 su sai léch dang ké, chi co céc gié tri cuc dai va trung binh
thay doi.

Mot trong nhitng théng sé dé danh gia hidu qua lam mat canh tuabin la hé sb
lam mat 6=(Ty-Tave)/(To-Tc) [47]. Hinh 4.14 cho thay su phu thudc ctaa hé s6 lam mat
6 vao luu lugng khdng khi ge va nhiét d6 dong khdng khi 1am méat T.. O day thay rang
khi nhiét d6 1am mat giam di, hé s6 1am mat c6 xu hudng giam, ndi cach khéc, sir
dung dong khong khi c6 nhiét do T thip hon lam nhiét do (cuc dai, trung binh) trén
canh sé& thap hon (Hinh 4.11, Hinh 4.12), tuy nhién 6 s& thap hon.
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Hinh 4.13. Anh hudng cta nhiét &6 Te,  Hinh 4.14. Anh hudng cua nhiét d6 va luu
ap suat pc toi luu lwgng khong khi 1am lugng khéng khi 1am mat toi hé sb 1am
mat gc mat 9

4.1.2.3. Anh huéng ciia nhiét dé va dp sudt khong khi lam mdt t6i ieng sudt nhiét cuc
dai trén canh phun

Két qua mo phong trong ANSY'S cho thay khi thay d6i Te, pc phan b tng suat
trén canh khong thay doi nhiéu, nhung ng suat cuc dai (phap tuyén, tiép tuyén va
quy dan) c6 su thay d6i dén muc can quan tdm. Hinh 4.15 cho thay ang suét tiép
tuyén cuc dai thay doi trong dai 70 +90 MPa.

95 --G--pc=1233kPa -100 T, [K]
= Q - ©- - pc=1171,35kPa . 400 450 500 550 600 650
a 90 “\ ©-110
> \ —A- -pc=1109,7kPa %
o 85 AN —&— pc=1048,05kPa =120
f A
= =130
= ]
D i
S 75 "T-140 .
&_—) e 7 --©---pc=1233kPa
0 ) g-lso o - - -pc=1171,35kPa
400 450 500 550 600 650 4— pc=1109,7kPa
T.K -160 —0O — pc=1048,05kPa

Hinh 4.15. Anh huong cta Te, pe toi tng  Hinh 4.16. Anh huong cua Te, pe téi
suit tiép tuyén cyc dai {rng suat phap tuyén cuc dai
Hinh 4.16 va Hinh 4.17 cho thay, khi T cang giam va pc cang ting, tng suat
cuc dai cang 16n. Két qua trén Hinh 4.15+Hinh 4.17 dua ra mot s6 nhan xét sau:
- Tdc d6 tang cua trng suat cuc dai nhanh hon & cac trudng hop pe cao hon.
- Su sai léch @ng suat tng suat tiép tuyén cuc dai va tng suat quy dan cuc dai
tuong ung khéng qué 50MPa, va 60 MPa.
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Hinh 4.17. Anh huéng cua T, pe toi tng suat quy dan cuc dai
Viéc giam nhiét do khéng khi lam mat T¢ tuy lam giam nhiét do trén canh
nhung lai lam ting gradient nhiét d6 giita bé mit ngoai va bé mat trong cua canh. Do
d6, (rng suat nhiét ting khi giam nhiét d6 khong khi 1am mat.

4.2. Nghién ctru lya chon cic thong s6 hinh hoc hop 1y trén mé hinh dong dang

Trong muc nay, tac gia tién hanh nghién cttu anh huéng cua cac thdng sb hinh
hoc (H/D, S/D) va céc théng sé dong khi (sé Reynolds cua dong phun Rej va ty sb
van toc dong phun/dong ngang VR) dén hé sé trao d6i nhiét nham lya chon gia tri hop
ly cua cac théng sé nay 1am co sd nghién ctru dé xuat két ciu mang phan phdi trong
muc 4.3. Viéc lya chon két cau mang phan phdi dua trén tiéu chi c6 hé sb trao doi
nhiét (¢ day dung dai lwong khéng thir nguyén Nu) cao nhat nham ting cudng luong
nhiét toa ra tir b& mat bén trong caa canh phun, tir d6 ting cuong 1am mat, giam nhiét
do trén canh phun.

Nghién ctru duogc thuc hién bang cach két hop thuc nghiém va mé phong trén
hai dang tam (Hinh 4.18 a,b):

- Tam 316 (1x3) nhiam danh gia twong tac giita cc 16 theo chiéu x- chiéu xubi
dong ngang (Sx/D) con coi Sy=;

- Tam 9 15 (3x3) véi budc 16 Sx=Sy, dé danh gia anh hudng cua tuong tac giita
céc 16 ddng thai theo ca 2 chiéu x va y (chiéu vudng géc véi dong ngang).

Véi cung diéu kién H/D, S/D, Rej, VR hinh dang phan b Nu trén hai tam nay
khong cd sai léch nhiéu (Hinh 4.18 a,b), tuy nhién tai khu vuc gitra cac 15 trén duong
y=0 (Hinh 4.18 c) Nu trén tam 9 15 (3x3) cao hon tim 3 15 (1x3). Nguyén nhan: dong
Khi tir c&c 15 trén duong y=0 cua tim 3x3 khong thé tu do chay sang hai bén (theo
chiéu y) nhu tam 1x3, do vay bat buoc dong khi phét trién theo chiéu x lam ting Nu.
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Hinh 4.18. Két qua phan bé Nu trén cac tim nghién ciu
(Thyc nghiém —H/D=2, S/D=10, Re;=13000, VR=7)
a—Phan bd Nu trén tim 1x3 18; b— Phan bd Nu trén tim 3x3 15;
¢ — S6 Nu trén duong y=0 cuia 2 tm

Mot diém can chd y: dix liéu cia mot sé diém gan tdm caa tam bi nhiéu do anh
huong cua dau thap trén man hinh camera nhiét (Hinh 4.18). Do vay phép noi suy
dugc st dung dé tir dit liéu cac diém khong bi nhidu xung quanh tinh toan ra dugc
duong xu hudng (duong cé dau (*) trén Hinh 4.18+ Hinh 4.21 va Hinh 4.24).

4.2.1. Anh hwéng ciia sé Reynolds ciia dong phun (Rej) Va t§ so vin téc dong
phun/dong ngang (VR) t6i hé soé trao doi nhiét

Cac ché d6 thuc nghiém TN 4.1 a, b + TN 4.3 a, b dua ra két qua anh hudng
cua sd Reynolds cua dong phun Rej téi hé sé trao ddi nhiét khi VR=7, H/D=2,
S/D=10. Két qua thu duoc 1a phan bé trung binh Nu theo chiéu rong tam (Spanwise
Averaged Nusselt Number) - Nusp (Hinh 4.19).
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Hinh 4.19. Bién thién Nusp vai s6 Reynolds cua dong phun Rej khac nhau
(Thuc nghiém — mé hinh 3x3 16 - VR=7, S/D=10, H/D=2)

O day ta thay:

- Cac duong Nusp ddng dang véi nhau, sé Reynolds cua dong phun Rej 16n
hon cho hé s6 trao d6i nhiét cao hon (Nusp Ndm cao hon);

- Khi s Reynolds caa dong phun Rej 16n hon thi ANUmax1-3=NUmaxa-Numaxt €ao
hon, & ddy Numaxt, Numaxa 12 gia tri cuc dai ciia Nusp tai khu vuc 15 thir nhat va tha 3;

- Khi Rej tang thi vi tri dinh Nusp dich chuyén sang bén phai xudi theo chiéu
dong ngang nhiéu hon.

Nguyén nhan: khi sé Reynolds cua dong phun Re;j ting kéo theo van tc dong
ngang Uer tang 1én (VR=const =7), két hop ca hai yéu t6 nay nén Nu ting cao hon va
dich chuyén duong Nu sang bén phai. Khi uer tang, két hop véi luu lugng tir cac 16
tha nhat va thir 2 tang 1én s& lam cho ty sé van téc dong phun/dong ngang VR &
cac 16 cudi cang giam manh (ucr cang ting), do d6 truong hop Rej ting s& l1am
cho ANUmax1-3 cao hon.

Véi Rej khac nhau nhung phan b Nu giéng nhau vé mat dinh tinh nén trong
cac nghién ciu voi VR, H/D, S/D khéc nhau viéc thuc nghiém chu yéu nghién cau
v6i Rej=13000. Tat ca cac truong hop con lai s& dugc tinh toan bang md hinh md
phong trong ANSYS-CFX (Bang 3.9).

Cac ché d6 thuc nghiém TN 3.2a+TN 3.6a va TN 3.2b+TN 3.6b dwa ra danh
gia vé anh huong cua ty s6 van toc dong phun/dong ngang VR téi hé sé trao doi nhiét
(Hinh 4.20). Khi VR giam thi Nusp (Hinh 4.20) va Nuaye (Bang 4.2) déu tang. Két qua
nay phu hgp véi nhan dinh trong cong trinh [47].

Tuy nhién khi ty s6 van téc dong phun/dong ngang VR giam thi ANUmaxi-3 Cang
I6m, diéu nay 1a do VR cuc bo & khu vire hang 15 thir 3 nho hon hang 16 dau tién. Khi
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VR>10 thi d¢ Iéch ANumaxi-3 khdng 1on, tuy nhién khi VR=5 d¢ léch nay tang Ién,
dinh cua d6 thi Nusp giira 15 thir ba va thi nhat 1éch téi 20%. Mic du VR giam lam
tang hiéu tng trao doi nhiét nhung vi tri ting cuong lam mat bi day ra xa khu vuc
tam 15 xubi theo chiéu dong ngang. Trong trudng hop VR=5, ¢ 16 dau tién dinh cua
Nusp léch di téi 1,7D, con 15 cudi cung 1a 2,5D. Diéu ndy can dugc luu y khi tinh toan,
thiét ké vi tri caa 16 phun trén mang phan phéi.

150 VR=5 ====VR=5(*)
140 VR=7 - = “VR=7(*
VR=10 — - =VR=10(*)
130 VR=0 VR=o(*p 2 2T 8
120 P ~
110 '/ -
> ’ L
Z 100 s
90
80
70
60
-15 -10 -5 Xﬂ:) 5 10 15

Hinh 4.20. Bién thién Nusp vai ty s van toc dong phun/dong ngang VR khac nhau
(Thuc nghiém m6 hinh 3x3 15- Rej=13000, S/D=10, H/D=2)
Bang 4.2. Anh huong cua ty s6 van toc dong phun/dong ngang VR téi s6 Nu trung
binh trén toan tam kich thudc 30Dx22D
(Thuc nghiém m6 hinh 3x3 15 - Rej=13000, S/D=10, H/D=2)
VR 5 7 10 15 o0
NUave 118,3 | 111,6 97,9 90,8 84,6
NUave/NUaveV®*) | 1,40 1,32 1,16 1,07 1
4.2.2. Nghién ciru lwa chon budéc 16 S/D

Thir nghiém véi cing sé Reynolds caa dong phun Rej=13000, khoang cach
tuong dbi H/D=2, ty s6 van téc dong phun/dong ngang VR=7 khi budc 15 S/D khéc
nhau cho ta cac két qua trén Hinh 4.21. O déy ta thay, khi S/D>8 cc ving ting cudng
trao doi nhiét cua hai 15 phun canh nhau hoan toan tach biét, c6 thé néi khi d6 dong
phun ra tir hai 16 canh nhau twong tac yéu véi nhau. Nuave cua S/D=8 va S/D=10 gan
nhu khong c6 sy sai khac (Hinh 4.22).

Khi budc 16 S/D=5 tuwong tac ndy ting 1én, cac ving ting cuong trao doi nhiét
bit dau giao thoa vao nhau (Hinh 4.21), Nuawe giam nhe so véi truong hop S/D=8.
Trong trudng hop cu thé can ting cuong trao doi nhiét tap trung & 1 ving c6 thé lua
chon S/D=5. Khi S/D=3, dién tich ving ting cudng nay giam manh dan dén Nuae
giam manh so véi cac truong hop con lai (Hinh 4.22).
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200 = S/D=10
Z ! s/D=8
-=—=5/D=8(%)
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15 10 5 0
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0 S/D=3

5 10 15
x/D

Hinh 4.21. Bién thién Nu trén duong y=0 véi budc 16 S/D khéac nhau
(Thuc nghiém mé hinh 1x3 16— Rej=13000, VR=7, H/D=2)
120

100

N uave

80

60

3 5 7 9 11
S/D

Hinh 4.22. S6 Nusselt trung binh Nuae trén tam 22Dx30D véi buéc 16 S/D khac nhau
(Thuc nghiém mé hinh 3x3 16— Rej=13000, VR=7, H/D=2)

o ) U/Uer
) : 8.500e+000

a- S/D=10

= 7.650e+000
6.800e+000
- 5.950e+000
5.100e+000
4.250e+000
3.400e+000
2.550e+000
1.700e+000
8.500e-001
0.000e+000

Hinh 4.23. Cau trdc dong khi doc trén mat phang x0z véi budce 16 S/D khac nhau
(M phong - Rej=13000, H/D=2, VR=7)
Dé giai thich cho hién twong trén ta sir dung két qua mé phong cau tric dong
khi trén mat cat x0z (Hinh 4.23). Khi S/D=8+10 ving giita cac 16 phun trén bé mit
tam dich c6 khu vuc van tbc nho (u/uer<1), tuy nhién khi S/D<5 viing nay khéng con,
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khi d6 cac viing van téc 16n gan nhu giao thoa véi nhau. Céc 15 phun & gan nhau 1am
cho dién tich phat trién cua dong khi sat bé mit tim dich bi giam di. Két qua chi tiét
hon vé su phét trién ciia dong khi va tuong tac gitra cac dong duoc thé hién trong Phu
luc 2.

Tir cac dit lidu trén dua ra khuyén cdo nén chon S/D>8, trong trudng hop cu
thé can tang cudng tap trung cho 1 ving nhé ¢6 thé chon S/D~5. Dai khuyén co nay
chi tiét hon so véi trudng hop chung 3<S/D<12 [85]. Tham khao véi canh phun tiéu
chuan J-75 ciia NASA, tai ving lung va bung canh cé S/D theo hai chiéu nam trong
dai 6,3+7,4 va 5,3+6,1 [55]. Tuy nhién can luu y rang canh J-75 dugc lam mat véi
luu lwgng khong khi téi gc = 6%.

4.2.3. Nghién ciru lwa chon khodng cdich twong déi H/D

4.2.3.1. Anh huéng ciia khodng cdch tuwong doi H/D téi phéin bé hé sé trao doi nhiét

Anh huéng cua khoang cach twong d6i H/D toi phan b Nu khi giir nguyén
cac théng s anh huong khac (Rej, VR, S/D) duoc thé hién trén Hinh 4.24. Ta thay
rang khi H/D cang 16n hé sé trao doi nhiét cang nho, ddng thoi vi tri dinh ciia Nu cang
xa tam 13, nhat 1 cac 16 phia sau c6 ty sé van téc dong phun/dong ngang VR cuc bo
nho hon. Diéu nay dugc giai thich do khoang cach gitra 15 phun va tim dich cang xa
thi hiéu g tac dong ciia dong phun vao bé mat tim dich giam, dong khi phun chuyén
dong véi quy dao dai hon trudc khi cé thé va cham vao bé mit tim dich.

230 HID=2; VR=7  ====H/D=2; VR=7 (*)
210 H/D=3; VR=7 = + =H/D=3; VR=7 ()
190 H/D=4; VR=7 — — “HID=4; VR=1(3),
170 SN
5 150 ? AN
zZ /
19 s
7,7
90 ,7
70 - =
50
-1 -1 - 1 1
5 0 5 b 5 0 5

Hinh 4.24. Anh huéng cua ty sé H/D ti Nu
(Thuc nghiém m6 hinh 1x3 16- Rej=13000, VR=7, S/D=10)
Khi khoang cach twong d6i H/D=2 thi khu vyc 15 sau c6 Nu cao hon 15 truéc
(Hinh 4.24), diéu nay duoc giai thich do ty s6 van toc dong phun/dong ngang VR cuc
bo giam lam Nu tang (chi tiét & muc 4.2.1). Tuy nhién khi H/D=3 va H/D=4 diéu nay
khong con rd rang nira (Hinh 4.24), Nu & 15 cudi con giam nhe so vai 16 dau tién, &
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day Numaxs nhé hon Numaxt khoang 9+15% (Hinh 4.24). Két qua nay phu hop véi cong
bé caa cdng trinh [36].

4.2.3.2. Anh huéng ciia khodng cdch tuwong doi H/D t6i phéin bé hé sé trao doi nhiét
khi huu heong dong ngang khéong doi

Trong diéu kién lam viéc cua canh tuabin, khu vuc miii canh hap thu dong
nhiét 16n nhat (Hinh 4.8), do d6 can dam bao luu luong khéng khi phun vao khu vuc
nay, ndi cach khac, luu luong cua dong ngang gan nhu khong duoc thay dbi. Khong
khi 1am mat thuong duoc 1y tir sau may nén nén co thé coi nhiét d6 va khéi luong
riéng cua dong khong khi khong ddi. Khi d6 sy thay doi cua khoang cach H giita
mang phan phdi va bé mat bén trong cua canh s& lam thay di van tdc trung binh caa
dong ngang, tic 1a H tang n 1an (H/D tang n 1an) thi van téc dong ngang giam n lan
(ty s6 van toc dong phun/dong ngang VR tang n 1an).

M6 phong CFD trén md hinh 3x3 15 cho ra két qua Hinh 4.25 va Hinh 4.26. O
day ta thay khi khoang cach twong d6i H/D giam thi Nuaye ctia todn tim (kich thudc
44Dx44D) ting 1én, nguyén nhan do H/D giam thi cuong d6 dong ngang tang (ty s6
van toc dong phun/dong ngang VR giam) 1am ting hiéu Gmg trao ddi nhiét. Véi khu
vuc gan cac 15 phun (kich thuéc 30Dx30D), H/D giam tir 4 t6i 3 1am Nuaye ting 13
rét, khi H/D giam tir 3 xudng 1 thi Nuave thay ddi voi tbe dd nho hon (Hinh 4.25).

80
.60
2
>
40 Nu_ave of 30DX30D
Nu_ave of 44Dx44D
20

1 2 HD 3 4
Hinh 4.25. Anh huéng cua khoang cach tuong dbi H/D téi Nuaye khi luu luong dong
ngang khong dbi (Mé phong md hinh 3x3 16— Rej=13000, S/D=10)

Két qua chi tiét hon duogc thé hién trén Hinh 4.26, & day khi H/D=4, VR=8
duong Nusp nam thap hon han so véi cac dudng con lai, do d6 ma Nuave trong trudng
hop nay nho nhat trong cac truong hop khao sat.

Khi khoang cach tuong ddi H/D=1,5+3 cac duong Nusp nam sat nhau (Hinh
4.26). Truong hop H/D=1, VR=2 thi Nug c6 dinh thip hon khi H/D=1,5+3, va dinh
nay ciing c6 xu huéng giam dan. Tuy nhién khu vuc giita cac 16 (x/D=-6+-1 va
x/D=5+8,5) thi Nusp c6 két qua cao hon cac trudng hop H/D khéc.
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80 H/D=15; VR=3
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Hinh 4.26. Anh hudng cua khoang cach twong d6i H/D téi Nusp khi Iuu Iuong dong
ngang khong d6i (M phong md hinh 3x3 16— Rej=13000, S/D=10)

Giam khoang cach twong dbi H/D lam ting hiéu qua trao d6i nhiét, dé cé hiéu
{ing tang trao ddi nhiét cyc bo thi H/D=1,5+3, phi hop véi dai khuyén céo trong [47].
Tuy nhién khi cuing ty sé van téc dong phun/dong ngang VR=7 thi H/D>2 cho két
qua Nu & cac 15 sau s& co xu hudng giam dan (muc 4.2.3.1), vi vy nén lua chon
H/D=1,5+2. Viéc giam khoang cach giira mang phan phéi va bé mat trong cua canh
(H) lién quan dén ting ton that thuy lyc trong hé théng 1am mat, khi ton that nay tang
Ién s& 1am giam Iuu luong khdng khi lam mat cung cap cho canh, tir d6 ma hiéu qua
lam maét lai giam di.
4.3. Nghién ciru lwa chon cic phwong 4n thay ddi két cAu mang phén phoi cho
canh phun tuabin cao 4p dong co DR76

4.3.1. Nghién ciru lwa chon dwong kinh 16 phun D trén mang phén phéi ciia canh
phun tuabin cao ap déng co DR76

4.3.1.1. Khdo sat, lira chon dwong kinh 16 phun D

Theo cong trinh [104] mang phan phéi canh tuabin c6 duong kinh 16 phun
D=0,2+2 mm, theo tai liéu [138] duong kinh 16 phun & khu vuc mii canh phun nim
trong khoang 0,8+1,8mm, con duong kinh trén khu vuc bung va lung canh nho hon.
Vi dy: cong trinh [70] nghién ciru véi truong hop dudng kinh 16 phun (¢ bung va lung
canh) bang 0,25 va 0,51 mm, trong bao c4o cua NASA [49] canh phun tang tuabin
thir nhat va thir hai caa dong co E3 (General Electric) c¢6 duong kinh 16 phun lan luot
la 0,71mm va 0,51mm, trén canh phun tiéu chuan J-75 cia NASA, 16 phun c6 duong
kinh D=0,38mm [55]. Do vay, tac gia hra chon khao sat duong kinh 16 phun trong dai
0,3+0,75 mm. Theo tai liéu [138] khoang cach H giita mang phan phdi va bé mat trong
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cua canh tuabin nam trong khoang 0,4+1,6 mm, ddi vai canh J-75 thi H=0,76mm [55],
con dbi véi dong co DR76 thi H=0,8 mm [114].

M6 hinh mé phong trong muc nay 1a tim phéng c6 kich thuéc 15mmx15mm,
budéc 15 twong dbi giira cac 16 12 S/D=10, khoang céch tir mang phan phbi dén tim
dich 1a H=0,8 mm. Bé dam bao tiét dién luu thdng qua cdc mang phan phdi bang
nhau thi lra chon 3 phuong an dudng kinh trén 3 tim:

Tam sé 1: 4 16 (2x2 15) dudng kinh D=0,75 mm (Hinh 4.27 a);

Tam s6 2: 916 (3x3 15) dwong kinh D=0,50 mm (Hinh 4.27 b);

Tam s6 3: 25 15 (5x5 16) duwong kinh D=0,30 mm (Hinh 4.27 c).

15 mm

15 mm

10D

10D

15 mm

S10D—

-D=0,30

; - D=0,50
\D=0,75

a b c
Hinh 4.27. M6 hinh tim duoc nghién ciu

a— thm 2x2 D=0,75mm: b — tim 3x3 D=0,5mm: ¢ — tim 5x5 D=0,3mm

4.3.1.2. Két qua lira chon dwong kinh D

Puong kinh D it anh huong téi hé sé trao d6i nhiét trung binh have ctia toan
tam néu dam bao luu lwong dong phun khong ddi (Gj=1,5g/s). Gia tri have & cac truong
hop ty sd van téc dong phun/dong ngang VR=3+7 tuong ung nam trong dai
3127+3226; 3207+3237; 3116+3223 W/m?K, mirc do sai léch dudi 4%. Nhu vay co
thé coi hae=const khi D=0,3+0,75 mm Vdi cac truong hop VR=3+7.

Khi duong kinh D=0,5 mm va D=0,75 mm thay rang dinh cuc dai cua hé sb
trao d6i nhiét trung binh theo chiéu rong tim hsp khu vuc 15 sau cao hon 16 truéc
(Hinh 4.28), trong truong hop nay khoang cach twong d6i H/D twong ung bang 1,6
va 1,07 va cang 15 sau thi VR cuc bo cang giam.

Hinh 4.29 cho thay khi duong kinh D=0,3 mm, giit nguyén van téc dong phun
uj, thay doi van toc dong ngang uer dé VR thay doi trong dai VR=3+7 (H/D=2,67):

+ Khi VR=7 thi hp tang dan tir 15 thir nhat i 16 thir hai, sau d6 giam dan;
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+ Khi VR=5 thi hsp tang toi 16 tht ba, tuy nhién sau d6 giam manh;

+ Khi VR=3 thi dinh cta hsp nhé hon hin truong hop VR=5 va 7, ddng thoi
cac 16 thir 4 va 5 gan nhu dinh cta hsp khong con 13 rang (cao hon duong trung binh
tuong tng la 11% va 7%).

5500
r

\ D=0.75mm; VR=3
A — — D=05mm; VR=3
\— - - D=0.3mm; VR=3

-7 -5 -3 '1X, [mm] 1 3 5 7
Hinh 4.28. Phan bé hsp khi VR=3 véi duong kinh D khac nhau (M6 phong)

6000

5000
2
%L 4000 D=0.3mm: VR=7
%’13000 = = D=0.3mm; VR=5
= = -+ D=0.3mm; VR=3

2000 |

1000
-7 -5 -3 '1X, [mm] 1 3 5 7

Hinh 4.29. Phan bé hsy khi D=0,3mm v&i VR khac nhau (M6 phong)
Tir cac két qua trén thay rang duong kinh D=0,5mm 1a phuong an phu hop
nhét trong 3 phuong an khao sat, & day khoang cach twong d6i H/D=1,6 nam trong
dai khuyén céo cia muc 4.2.3.

4.3.2. Nghién citu lia chon sé lwong va vi tri 16 phun trén mang phin phéi tai khu
viee lung canh

Theo két qua tinh todn trong muc 4.1.1.2, phan gitra lung canh 1a viing ¢ nhiét
d6 cuc bo cao nhat, can c6 nhitng bién phéap ting cuong cho khu vuc nay. Theo muc
4.1.2.1, viéc tang cuong luu lugng khong khi lam mat tir 2,08% 1én 2,9% chi lam
giam nhiét d6 cuc dai Tmax di khoang 40K. Giam nhiét @6 khong khi lam mat T. di
100K s¢& lam nhiét @6 trung binh cua bién dang canh Tavwe giam di 39K, tuy nhién nhiét
do cuc dai Tmax chi giam khoang 19K. Bén canh do6 bién phép nay sé lam tang dang
ké wng suat nhiét trén canh. Thay d6i nguyén ly 1am mat tir dbi luu sang ddi luu-mang
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hira hen lam giam nhiét do rd rét, tuy nhién viéc duc 16 nay doi hoi céng nghé cao
d6ng thoi can tinh toan ky ludng vé d6 bén co hoc cua than canh. Bién phap don gian,
cd tinh céng nghé cao, it anh hudng t6i d6 bén cua than canh 1a bd sung thém cac 15
trén mang phan phéi & khu vuc lung canh.

Khong khi lam mat dugc 13y tir ludng thir cdp cua budng dét (ap suit duoc coi
bang &p suat sau may nén), sau khi l[am mét canh phun khong khi duoc day qua khe
phia dudi ra khoang khdéng gian gitta mang canh phun va canh cong tac, luu lugng
khdng khi 1am mat phu thudc vao tong tiét dién cac 16 phun trén mang phan phéi. Bé
Iwu lugng khong khi 1am maét khong doi voi phuong 4n nguyén ban (dam bao luu
luong khi chay qua tuabin), khi bo sung khong khi qua cac 16 phun & phia lung thi
can giam luu lwong khi phun téi khu vuc miii canh, tuy nhién khong duoc giam qué
nhiéu (dam bao 1am mat cho mili canh va bung canh). Can cr vao dit liéu trén Bang
4.1 thay rang phuong an giam duong kinh 16 phun ¢ khu vuc miii canh tir D1=1,0mm
xudng con 0,8mm 1a kha thi nhat. Trong truong hop giam duong kinh D1=0,6 mm,
lwu lugng khi 1am méat thdi vao miii canh, ciing nhu phan khoéng khi chay qua bung
canh giam manh, nhiét d6 cuc dai, nhiét do trung binh cua ca canh tang 1én ro rét.
Bén canh do, trong treong hop mudn cai tién trén co s¢ mang phan phdi san co (gii
nguyén duong kinh 16 D1=1,0mm) céan bit bét céc 16 phun & phia dinh canh va chan
canh (khu vuc nay c6 nhiét do thap hon, nhiét dan ra vanh trong va vanh ngoai nhanh
hon), tinh toan so b thay rang can bit 4 15 trong 9 15 hién cé.

Tir céc két qua nghién ciru thiy rang dé tao ra hé sé trao ddi nhiét cao nhat &
khu vuc lung canh nén lua chon duong kinh D=0,5mm (muc 4.3.1), budc 16 tuong
d6i S/D=10 (muc 4.2.2), khoang cach twong d6i H/D=0,8mm/0,5mm=1,6 (muc
4.2.3). Qua tinh toan so bo dé dam bao tong luu luong khong khi 1am mét khong doi
thi trén mang phan phéi phia lung canh c6 thé bé tri thém 6 hoic 9 16 duong kinh
D=0,5mm.

Tir két qua phan bd nhiét d6 trén bién dang canh (Hinh 4.4), thay riang ving
nhiét d6 cao nhat (T>7749K) c6 kich thudc cao x réng ~ 14mmx20mm vai tdm cua
viing nam chinh giita lung canh. Do vay c¢6 thé bd tri 3 hang 16 (c6 duong kinh
D=0,5mm, budc 15 twong dbi S/D=10) theo chiéu cao, 16 gitra nam ¢ d6 cao 14mm
(chiéu cao bién dang cénh 1a 28mm). Tir cac tinh toan so bo trén tac gia lua chon
khao sat ba phuong an sau trong twong quan so sanh vai canh phun st dung mang
phan phdi nguyén ban (Hinh 4.30, Bang 4.3).
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Bang 4.3. Céc trudng hop thay do6i két cau mang phan phéi

L(:),phun O phia miii L5Iphun 0 phia lung Ghi cha
So buong kinh | S6 | PBuong kinh
lugng Di: [mm] | lugng D [mm]
Nguyén ban (NB) 9 1,0 - - Hinh 4.30a
Phuong an 1 (PA1) 9 0,8 6 0,5 Hinh 4.30b
Phuong an 2 (PA2) 9 0,8 9 0,5 Hinh 4.30c
Phuong an 3 (PA3) 5 1,0 9 0,5 Hinh 4.30d

.lJ .Aﬁ l_1
a b
. l—l . l_l
C d

Hinh 4.30. Phuong an duc 13 trén mang phan phéi & phia lung cénh
a— Nguyén ban; b — Phuong an 1; ¢ — Phuong an 2; d — Phuong an 3

4.4. Panh gia hiéu qua ting cwong lam mat cAnh phun tuabin cao 4p ddng co
DR76 ciia ciAc phwong dn mang phan phdi bing phwong phiap mé phong

4.4.1. Hiéu qua giam nhiét dp cwc dai va nhiét do trung binh

Khi b sung céac 16 ¢ lung, nhiét do trung binh Tave cta canh & cac phuong an
s0 v&i nguyén ban giam twong tng 19K (PA1), 25K (PA2) va 26K (PA3), hé sb l1am
mat @ tang tr 0,36 1én 0,39 (PA1), 0,40 (PA2&PA3). Nhiét 36 cuc dai Tmax giam rd
rét hon, phuong an 1 lam Tmax giam 43K con phuong an 2 va 3 giam téi 56K, luu
luong khong khi trong trudng hop nay khdng sai léch nhiéu so véi nguyén ban (Bang
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4.4). Khi cénh sir dung hop kim niken chiu nhiét JKC6K, hé s6 du trir nhiét [n]+ s&
duogc tang 1én tir 1,08 (nguyén ban) tdi 1,11 ¢ phuong an 1 va téi 1,13 & phuong an 2
va phuong an 3 twong trng vai nhiét do du trir Tr tang tir 90K (Nguyén ban) 1én 133K
(PAL) va 146K (PA2 & PA3) (Hinh 4.31).

Bang 4.4. Cac thdng sb nhiét do trong cac phuong an

Thoéng sb NB | PA1 | PA2 | PA3
Nhiét do cuc dai Tmax, [K] 1183 | 1140 | 1127 | 1127
Nhiét do trung binh Tave, [K] 1026 | 1009 | 1001 | 1000
Heé s6 du trix nhiét [n]r 1,08 | 1,11 | 1,13 | 1,13
Nhiét do du trix Ty, [K] 90 | 133 | 146 | 146
Ty I¢ khong khi lam méat gc, [%] | 2,08 | 1,92 | 2,02 | 1,98
Heé s6 lam mét 0 0,36 | 0,39 | 0,40 | 0,40
1400 1.14
) Z R 13
:g", 1000 iil ,E'|_ s Tr
E 800 109 Tmax
Z. 600 108 T
1.07
400 1.06
NB PAL PA2 PA3
Phwong an

Hinh 4.31. D6 thi so sanh nhiét &6 cuc dai Tmax, nhiét do du trix Tr, hé s6 du trix
nhiét [n]+ ¢ cac phuong an

4.4.2. Phén bo nhiét dé trén bién dang cdnh

Trén canh nguyén ban, ving nhiét d6 cuc dai (1150+1183 K) nam ¢ giira lung
canh (Hinh 4.4), v6i & phuong an 1 (Hinh 4.32), nhiét do cuc dai da giam xudng chi
con nam trong dai 1116+1150 K va dugc day xudng sat mép dudi canh. Tiép theo,
con ¢6 ving nhiét do 1083+1116 K van con chiém dién tich tuong ddi rong (~1/6
dién tich lung canh) & lung canh. Diéu nay c6 thé do phuong an 1 mai bé tri 2 hang
15 phun ¢ phia lung canh phun, chua du khéng khi cap cho lung canh.

Véi 3 hang 16 phun & phuong 4n 2 (Hinh 4.30c, Hinh 4.33), tuy van chua triét
tiéu duoc hét diém nhiét do trong dai 1116+1150 K & sat mép dudi canh nhung dién
tich vaing nhiét ¢6 1083+1116 K da giam di nhiéu so véi phuong 4n 1. V6i phuong
an 3 (Hinh 4.34) di¢n tich vung nhiét do cao ¢ lung canh giam nhe so véi phuong an
2 do da bit 4 16 & 2 dau (Hinh 4.30 d), khong khi lam mat duoc tap trung cho khu virc
d6 cao trung binh.
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Temperature
Contour 1
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Hinh 4.32. Phéan bo nhiét do trén bé mat ngoai cta canh & phuong an 1
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Hinh 4.33. Phé&n bo nhiét do trén bé mat ngoai cua canh ¢ phuong an 2
Temperature

1083+1116K Cmf "1r813e+003
‘ 1.150e+003
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o — — N K
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Hinh 4.34. Phan bé nhiét do trén bé mat ngoai cua canh & phuong an 3

Dé c6 két qua k¥ ludng hon, ta di xem xét sy phan b nhiét d6 trén dudng bién
dang trung binh trén bé mat canh (Hinh 4.35, Hinh 4.36). O day ta thay khi c6 thém
cac 16 ¢ phia lung canh, nhiét do cua ving x/Lx=0,3+0,9 giam manh, cac doan con lai
nhiét d6 gan nhu bang nhau, tuy nhién cac doan nay c6 nhiét do khong cao. Nhiét do
trung binh trén duong trung binh bién dang phia lung canh (Hinh 4.36 -doan x/Lx>0) ctua
phuong an 1, 2 va 3 giam so véi nguyén ban tuong tng la 49K, 65K va 80K.

0.0075 0.0225 0.0225
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Temperature
Contour 3
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Q \\ 9.694e+002
9.396e+002
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c d
Hinh 4.35. Phan bé nhiét do trén mat cat trung binh cua bién dang canh
a — Nguyén ban; b — Phuong an 1; ¢ — Phuong an 2; d- Phuong an 3
1200

—
0.005 0.015

1150
% 1100
" 1050
1000
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950

900
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
x/L,

Hinh 4.36. Phan b nhiét do trén bién dang canh tai mat cat trung binh

4.4.3. Vin téc dong va hé so trao déi nhiét

Két qua phan b van téc, nhiét do trong kénh dan bén trong canh dugc trinh
bay trén hinh Hinh 4.37, Hinh 4.38. Tai khu vuc lung cta cac canh méi c6 dong khi
phun ra tir cac 16 phun trén mang phan phéi véi tée do Ion (téi 250m/s), cac dong nay
tao ra viing dong nang rdi cao (Iy thuyét vé hién tugng nay da trinh bay trong muc
1.2.3), hé sb trao doi nhiét va thong luong nhiét tang 18n 5 rét (Hinh 4.39, Hinh 4.40).
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Contm:y 4
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Hinh 4.37. Phan bé van téc dong khdng khi 1am mat tai mat cét trung binh
a— Nguyén ban; b — Phuong an 1; c- Phuong an 2; d- Phuong an 3

Temperature
Contour 12

l 8.500e+002
8.250e+002
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Hinh 4.38. Phan bé nhiét ¢6 dong khong khi 1am mét tai mat cat trung binh
a—Nguyén ban; b — Phuong an 1; ¢ — Phuong an 2; d — Phuong an 3

htc cooling air
Contour 8

I 2.000e+004
1.800e+004
1.600e+004
1.400e+004
1.200e+004

1 1.000e+004
8.000e+003
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d
Hinh 4.39. Phan bé hé sb trao doi nhiét gitra khdng khi 1am méat va bé mat bén trong
canh phun tai khu vyc miii canh va lung canh
a — Nguyén ban; b — Phuong an 1; ¢ — Phuong an 2; d — Phuong an 3
Dong khong khi phun ra tir cac 16 phun & lung (PA1, PA2 va PA3) c6 nhiét do
thap 1am cho dong khong khi chay sat bé mat thanh vach bén trong c6 nhiét d6 thap
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hon nguyén ban (Hinh 4.38), két hop hé sé trao dbi nhiét cao hon (Hinh 4.39) nén
lwong nhiét trao d6i giira dong khong khi 1am mat va bé mit bén trong lung canh ting
rd rét & cac phuong an cai tién (Hinh 4.40). Do vay, nhiét do khu vuc lung canh cua
cac phuong an PA1, PA2, PA3 di giam rd rét so voi phuong 4n nguyén ban. Dong
thoi thdy ring & PA2 va PA3 ving thong luong nhiét cao bao phu duoc gan hét lung
canh phun nén da day duogc ving nhiét do cao t6i sat dudi canh, con & PAL van con
1 dai nhiét do cao nim & giira dudi canh va lung canh (Hinh 4.32 + Hinh 4.35).

Wall Heat Flux
Contour 2

il 2.500e+006
2.2506+006
2.000e+006
1.750e+006
1.500¢+006

- 1.250e+006
1.000+006
7.5006+005

5.000e+005

4 I2A500e+oos

g 0.000e+000

| wWmt-2]

c
Hinh 4.40. Phan bé thong lugng nhiét gitra khdng khi lam méat va bé mat thanh vach

bén trong canh phun tai khu vyc miii canh va lung canh
a—Nguyén ban; b — Phuong an 1; ¢ — Phuong an 2; d — Phuong an 3

4.4.4. Ung suit nhiét ¢ cdc phwong dn

Str dung ANSY S-Static Structural tinh toan ng suat nhiét cho canh phun thay:
so véi nguyén ban (ng suit quy dan cuc dai sai léch khong qua 5% (Hinh 4.41) va
phan b wng suat nhiét trén bé mat ngoai cua canh phun ¢ cac phuong an ciing khong
c6 su khéc biét nhiéu so véi nguyén ban (Hinh 4.9). Né6i cach khéac, cac phuong an
két cau cua mang phan phdi dang dugc khao sat khong lam thay doi trang théi ang
suat nhiét trén CPCA, diéu nay khac biét véi phuong an thay doi théng sé dong khdng
khi lam mat (Xem muc 4.1.2.3).
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Hinh 4.41. Ung suét cuc dai & cic phuong 4n két cau mang phan phoi

4.4.5. Danh gida mirc giam nhiét dj trén canh khi giam nhiét dp khong khi lam mat

Véi ciing phuong 4n két cau (PA3), khi nhiét do dong khong khi T giam xudng
thi phan bd nhiét do trén bién dang canh phun (Hinh 4.42) khong cé thay d6i nhiéu
so v&i Hinh 4.33. Nhiét do cuc dai van nam & dudi canh, tai day khong c6 dong phun
tr mang phan phdi thoi truc dién vao bé mit canh, hé sb trao doi nhiét tuong d6i nho,
can co bién phap khac dé ting cudng lam mét cho phan dubi canh.

Temperature
Contour 1
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1.071e+003
1.043e+003
1.016e+003
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" 9.615e+002
9.342e+002
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.:L. 8.796e+002
- I 8.523e+002

003 :m)_ e 8.250e+002
Hinh 4.42. Phan bé nhiét do trén bé mat ngoai canh & Phuong an 3 khi nhiét do
khong khi Tc giam 100K
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To[K]
Hinh 4.43. B thi so sanh nhiét do cuc dai Tmax, Nhiét do trung binh Tae, hé s6 dur trix
nhiét [n]r cua phuong an 3 va nguyén ban khi nhiét do dong khi lam mét T thay doi
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Két qua trén Hinh 4.43 cho thiy khi Tc giam thi mac giam nhiét d6 cuc dai
Tmax, Nhiét do trung binh Tavwe & phuong an 3 cao hon so véi phuong an nguyén ban:
Tc giam 100K thi Tmax 0 PA3 giam 29K con phuong an nguyén ban giam 19K, Tave
giam twong Gmg 41K va 39K. Di kém vé6i d6 1a hé s6 dy trit nhiét [n]r & PA3 ting
nhanh hon so véi nguyén ban khi giam nhiét @6 khong khi lam mat Tc. Nguyén nhan
duoc giai thich 1a cudng do trao d6i nhiét & phuong 4n mang phan phdi méi cao hon
SO Vi nguyén ban, khi @6 viéc giam nhiét do khéng khi lam mat s€ cang tang cuong
chat lugng lam mét.

4.4.6. Két lugn vé lira chon két cdu mang phin phoi mdi

Tir cac két qua vé hiéu qua 1am mat cia phuong an 1, 2 va 3 thay rang, hiéu
qua lam méat cua phuong an 2 va 3 1a twong dong va tét hon ca trong pham vi khao
sat (Tmax giam 56 K, Tawe giam 26K). Xét trong diéu kién Viét Nam, viéc thu nho
duong kinh 16 phun ¢ miii canh (phwong an 2) 1a twong dbi kho khan, phuong 4n 3
(bit 4 15 & 2 dau canh) s& phu hop hon khi xét ca vé mat hiéu qua 1am mét va vé mit
cdng nghé. Cac thong sé dic trung cho hiéu qua 1am mat dugc théng ké ¢ Bang 4.5.

Bang 4.5. Bang thong ké hiéu qua lam mét cua phuong 4n mang phan phdi s6 3 so
VvéGi nguyén ban (tinh toan & ché do dinh mirc)

TT | Thong so danh gia hiéu qua lam | Phwong an | Phwong | Miic Cai
mat, [don vi] nguyén ban | &an3 thién
1 | Nhiét d6 cuc dai Tmax, [K] 1183 1127 56 [K]
2 | Nhiét do trung binh Tave, [K] 1026 1000 26 [K]
3 | Hé so lam mat 6,[-] 0,36 0,40 0,04
4 | Ty Ié khdng khi lam mat gc, [%] 2,08 1,98 | 0,10 [%]
5 | Hé so du trix nhiét [n]T,[-] 1,08 1,13 0,05
6 | Nhiét do du trix Ty, [K] 90 146 56 [K]
7 | Ung suat quy dan cyc dai, [MPa] 190 190 -
8 | Muc giam nhiét d6 cuc dai khi nhiét 4o 19 29 1,52 lan
khong khi lam mét giam 100K, [K]
9 | Muc giam nhiét d6 trung binh khi nhiét 39 41 1,05 lan
do khong khi lam mét giam 100K, [K]

Bén canh do, ciing thay rang cac thong sé hinh hoc cia mang phan phéi maoi
nam trong dai thuong gap cua canh phun DCTBK [49], [55], [104], [138], dic biét
duong kinh 16 phun D=0,5mm, khoang cach H=0,8mm nam trong khoang t6i wu
D=0,423+0,517mm; H=0,710+0,997mm cua nghién cau [106].
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4.5. Két luan Chuong 4

T md hinh trao d6i nhiét cuia CPCA dong co DR76 va md hinh ddng dang
vé6i kénh dan khong khi phia trong lung canh, luan an di khao sat phan b hé sé trao
dbi nhiét, nhiét do, ng sut nhiét trén CPCA dong co DR76 va dua ra duoc mot sd
nhan xét sau:

Phan b nhiét d6 va eng suét nhiét trén bé mat canh ¢ cac ché do van hanh cua
dong co 1a twong dbi gidng nhau, nhiét do cuc dai nam ¢ gitra lung canh, con khu virc
rng suat nhiét cuc dai nam & gitta bung canh. Ché do dinh muc 1a ché do6 nhiét khac
nghiét nhat véi nhiét d6 cuc dai Tmax=1183K, nhiét d6 trung binh Tae=1026K va tng
suat nhiét quy dan 190MPa. Ché d6 dinh muc ¢ hé sé bén Ién téi 1,8, tuy nhién hé
s6 du trit nhiét [n]+=1,08 twong tng vai Tr=90K, do vay can c6 bién phap ting cudng
1am mat cho canh dé giam thiéu mac d6 khic nghiét vé nhiét.

Viéc thay ddi luu luong ge, nhiét do Te, 4p suat pe khong khi 1am mét cé tac
dong 1d doi v6i nhiét d6 trung binh Taye, it anh hudng téi nhiét 46 cuc dai Tmax (Khi Te
giam 100K s& lam Tave giam 39K, Tmax giam 19K; pc giam 10% thi Tave, Tmax tang
tuong ng 48K va 28K). Bén canh d6 khi giam nhiét d6 khéng khi lam mat T cé hiéu
tng phu 1a 1am ting Gng suat nhiét trén canh (ng suat quy dan cuc dai cé thé ting
thém toi 60MPa).

Thoi khong khi tir mang phan phdi 1a phuong phap 1am mét ¢ hiéu qua cao,
dac biét khi c6 thém tac dong cua dong ngang, khi s Reynolds caa dong phun ting
(Rej tang) va/hodc dong ngang ting (ty s6 van toc dong phun/dong ngang VR giam)
s& 1am tang hé s6 trao doi nhiét. Trong qua trinh lva chon két cau cua mang phan phéi
dé thu duoc hé sb trao doi nhiét cao nhat nén lwa chon budc 16 trong d6i S/D>8, khi
S/D<5 thi ving ting cudng trao doi nhiét bi chong 1an vao nhau; dong thoi nén lya
chon khoang cach twong ddi H/D=1,5+2 s& cho két qua hé sb trao doi nhiét (Nusp)
cao nhat, khi H/D<2 thi cac 15 sau s& c6 hé sb trao d6i nhiét cao hon 16 trude va khi
H/D>3 thi nguoc lai.

Ap dung cac két qua nghién ctru trén mo hinh vat 1y dong dang dé lya chon
mang phan phéi mgi cho CPCA dong co DR76: bd sung 9 16 (3x3) & phia lung canh
v6i duong kinh D=0,5mm, budc 16 twong ddi S/D=10, khoang cach twong doi
H/D=1,6, dé dam bao luu lugng khong khi 1am mat khong doi thi can bit 4 16 ¢ 2 dau
trong 9 16 phun & phia miii canh (gitr nguyén duong kinh 1,0mm).

Véi CPCA dong co DR76 sir dung mang phan phdi mai thi nhiét do trung binh
cua bién dang canh Tave giam khdng nhiéu (26K) nhung nhiét do trung binh trén
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duong bién dang trung binh ¢ phia lung canh giam tGi 65K, nhiét do cuc dai Tmax
giam di 56K va ving nhiét d6 cuc dai chuyén téi sat dudi canh, noi tic dung cua
mang phan phdi suy giam. Hé s6 1am mat 6 ting tir 0,36 1&n 0,40, hé s6 duy trit nhiét
tang 1én [n]t=1,13 twong tng vai Tr =146K. Khi sir dung mang phan phéi mai, nhiét
d6 nguon khong khi Tc giam 100K thi nhiét &6 cuc dai Tmax, Nhiét d6 trung binh Tae
giam tuong tng 29K va 41K, ting twong ¢ng 1,52 va 1,05 1an so véi nguyén ban.
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KET LUAN VA HUONG PHAT TRIEN

KET LUAN

1. Lu4n 4n d3 dé xuat va thuc hién thanh cong mot cach tiép can méi trong
nghién ciru ting cuong lam mat cho canh phun dwgc 1am mat kiéu mang phan phéi
bang cach két hop tinh toan mé phong trén nguyén mau canh véi thuc nghiém, mé
phong trén md hinh vat 1y déng dang. Trong dé cac két qua trén md hinh vat 1y dong
dang dugc dung dé khuyén céo, &p dung cho nguyén mau cénh.

2. Luan an d3 xay dung thanh cong mé hinh trao ddi nhiét cho nguyén mau
canh phun tua bin cao 4p dong co tua bin khi DR-76 bang phan mém ANSYS-CFX.
Do tin cay cua phuong phap xay dung mé hinh duoc kiém chitng bang két qua thu
nghiém cho canh Mark-I1 (sai s6 nhiét o, ap suat, hé so trao ddi nhiét trong wng nho
hon 3%, 5% va 20%)).

3. Luén 4n d3 str dung thanh cong phwong phap dao dong nhiét @6 TOIRT dé
xay dung hé thdng thuc nghiém xac dinh hé s trao doi nhiét cho mé hinh dang tam
phang — mé hinh ddng dang véi kénh dan khong khi phia trong lung canh. Két qua
thuc nghiém da dugc kiém ching va phi hop véi cac két qua dugc cong b [26], [72]
(sai 6 nho hon 15%).

4. Két qua thuc nghiém va md phong trén mé hinh vat 1y dong dang nhiéu 15
phun c6 xét toi ca dong ngang di danh gia dugc anh hudng cia mot s6 thdng s6 nhu
s6 Reynolds cua dong phun Rej, ty sé van téc dong phun/dong ngang VR, buéc 16
tuong ddi S/D, khoang cach twong dbi H/D... dén hé sb trao ddi nhiét. Két qua cho
thiy s6 Reynolds cua dong phun ting (Rej ting) va/hoic dong ngang ting (ty s6 van
téc dong phun/dong ngang VR giam) s& 1am tiang hé s trao d6i nhiét, dong thoi dé
thu dugc hé sb trao doi nhiét cao nhat nén lya chon budc 16 trong d6i S/D>8 va
khoang cach twong d6i H/D=1,5+2.

5. Két qua nghién ciru dbi véi canh phun cao ap dong co DR76 cho thay: ché
d6 dinh muc 1a ché d6 nhiét khic nghiét nhat vai hé sb du trix nhiét chi 1a [n]+=1,08
tuong tng véi nhiét 6 du trir T-=90K, cin c6 bién phap ting cudng lam méat CPCA
dé dong co co thé tang thoi gian lam viéc ¢ ché do nay. Khi sir dung mang phan phi
méi (b6 sung 9 16 (3x3) & phia lung canh véi duong kinh D=0,5mm, budc 15 twong
d6i S/D=10, khoang cach twong ddi H/D=1,6, giit 5 156 phun ¢ phia miii canh dudng
kinh 1,0mm) da thu duoc hi¢u qua lam mat cao hon canh nguyén ban (nhiét do cuc
dai Tmax giam 56K va viing nhiét 6 cuc dai dich chuyén vi tri tir lung canh xudng sat
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dudi canh, hé s6 1am mat @ cia canh ting tir 0,36 18n 0,40, hé s6 du trit nhiét [n]+ ting
tur 1,08 1én toi 1,13 tuwong ng vai nhiét @6 du trir Ty tang tir 90K 1én 146K). Phuong
phap thdi bo sung khdng khi tir mang phan phéi 1a phuong phép ting cudng lam mat
turong d6i don gian, c6 thé ap dung véi hau hét canh phun nham ting tudi tho va kha
ning lam viéc & ché d6 khic nghiét nhit cia dong co (hién nay tong thoi gian téi da
cho phép 1am viéc ¢ ché do dinh muc cua dong co DR76 1a 200 gid).

HUONG PHAT TRIEN

1. Nghién ctru dac trung trao d6i nhiét khi mang phan phéi phun vao bé mat
¢6 @6 nham khac nhau, bé mat c6 ranh, gan, go,... véi véi sé Reynolds caa dong phun
Rej cao hon, ty s6 van téc dong phun/dong ngang VR nhé hon.

2. Két hop phuong phap mang phan phdi véi cac phuong phéap ting cuong lam
mét khéac cho canh tuabin. Str dung két qua thu duoc dé phét trién nghién cau trén ddi
tuwgng canh cdng tac cua tuabin, xét t¢i anh huong cua luc quan tinh ly tdm cua dong
khong khi lam maét.



125

DANH MUC CAC CONG TRINH PA CONG BO CUA TAC GIA
LIEN QUAN PEN LUAN AN TIEN Si

1. Vii Piec Manh, Ha Huy Thing, Dao Trong Thang, Nguyén Trung Kién
(2017), “Tinh toan chu trinh nhiét déng co tuabin khi & cac ché do van hanh bang
phan mém GateCycle”, Tap chi Phat trien KH&CN, tap 20, sé K5, ISSN 1859-0128.

2. Vit Piec Manh, Nguyén Trung Kién, Dao Trong Thing (2018), “Nghién
ctru anh huong caa nhiét do moi truong téi chu trinh nhiét ctia dong co tuabin khi tau
thay JIP76 & céc ché db tai cuc bo”, Héi nghi KH&CN Giao théng vdn tdi lan 1V,
5/2018, Nha xuat ban Giao thong van tai, ISBN: 978-604-76-1578-0

3. Vu Duc Manh, Nguyen Trung Kien, Dao Trong Thang (2018),
“Calculation of Thermodynamic Parameters of High Pressure Turbine Stage of JIP76
Engine Based on Geometric Parameters”, International Conference of Fluid
Machinery and Automation Systems - ICFMAS2018, October 27-28, 2018, ISBN:
978-604-95-0609-3.

4. Vii Pic Manh, Pham Vii Thanh Nam, Nguyén Trung Kién, Dao Trong
Thing (2019), “Nghién ciru tinh toan trang théi nhiét va tng suét nhiét trén canh phun
tuabin cao 4p”, Tap chi Khoa hoc va Ky thugt, s6 197 (4/2019), ISSN: 1859-0209.

5. M. D. Vu, K. T. Nguyen and T. T. Dao (2019), “The Effect of Cooling-Air
Flow Conditions on the Thermal State of High-Pressure Nozzle Blade”, 2019
International Conference on System Science and Engineering (ICSSE), Dong Hoi,
Vietnam, 2019, pp. 624-629, doi: 10.1109/ICSSE.2019.8823110.

6. Vii Plrc Manh, Nguyén Trung Kién, Dao Trong Thing (2020), “Nghién
ctru anh huodng cua kich thude 18 phun trén mang phan phdi téi hé so trao d6i nhiét

khi c6 dong ngang”, Tap chi Khoa hoc va Ky thuat, 6 208 (6/2020), ISSN: 1859-0209.



[1].

[2].

13].

[4].

[5].

[6].

[7].

[8].

[al.

[10].

[11].

126

TAI LIEU THAM KHAO

Tiéng Viét
Nguyén Thanh Nam, Hoang Dic Lién (2000), Phuong phdp khéi hiru han #ng
dung trong cac bai toan thuy khi dong lic, Nha xuat ban Khoa hoc va K5 thuat.
Lé Cong Cat, Nguyén Trung Dinh (2001), Ky thudt nhiét, Nha xuat ban Hoc
vién Ky thuat Quan su.
Lé Van Mot, Hb Tuan Anh, Nguyén Buc Tri, Nguyén Ngoc Thanh (2010),
“Khao sat 1am mét canh tuabin dong co tuabin khi hang khong bang phan mém
Fluent”, Tap chi Néing lwong nhiét, s6 93, 5/2010, ISSN: 0868-3336.
TCVN 8113-1: 2009, 1SO 5167-1:2003 (2009), Do dong leu chdt bang thiét bj
chénh &p gan vao ong dan c6 mat cat ngang tron chdy day - Phan 1: Nguyén ly
va yéu cau chung. Ha Noi.
TCVN 8113-2:2009, ISO 5167-2:2003 (2009), Po dong leu chat bang thiét bj
chénh ap gan vao dng ddn cé mdt cat ngang tron chay day — Phan 2: Tam tiét
luu. Ha NOI.
Tiéng Anh
Andrew Schroder, Shichuan Ou, Urmila Ghia (2011), “Experimental Study of
an Impingement Cooling Jet Array Using an Infrared Thermography
Technique”, Journal of Thermophysics and Heat Transfer.
Abdulrahman H. Alenezi, Abdulrahman Almutairi, Hamad M. Alhajeri,
Abdulmajid Addali and Abdelaziz A. A. Gamil (2018), “Flow Structure and
Heat Transfer of Jet Impingement on a Rib-Roughened Flat Plate ”, Energies,
11, 1550; doi: 10.3390/en11061550.
Amano R.S., Sundén B. (2008), Thermal Engineering in Power Systems, WIT
Transactions on State of the Art in Science and Engineering, Vol 42, © 2008 WIT
Press. ISSN: 1755-8336 (on-line), doi: 10.2495/978-1-84564-062-0/07.
Azad Gm.S., Yizhe Huang, Han J.C (2002) “Jet Impingement Heat Transfer on
Pinned Surfaces Using a Transient Liquid Crystal Technique”, International
Journal of Rotating Machinery, 8(3): pp. 161-173.
Azad Gm. S., Yizhe Huang, and Han J.C. (2000), “Impingement Heat Transfer
on Dimpled Surfaces Using a Transient Liquid Crystal Technique” Journal of
Thermophysics and Heat Transfer, vol. 14, pp. 186-193.
ANSYS (2013), ANSYS CFX-Solver Modeling Guide. Release 18.0.



[12].
[13].

[14].

[15].

[16].

[17]

[18].

[19].

[20].

[21].

[22].

[23].

[24].

127

ANSYS (2013), ANSYS CFX-Solver Theory Guide. Release 18.0.

ANSYS (2010), ANSYS Training Manual. Introduction to CFX. Chapter 9
Turbulence. Release 13.0.

ANSYS (2012), ANSYS Modelling Laminar-Turbulent Transition Processes.
ATSB TRANSPORT SAFETY REPORT (2010), Aviation Occurrence
Investigation AO-2009-063 Final, In-flight engine failure — Christmas Island,
19 October 2009, Publication Date: November 2010, ISBN: 978 1-74251-103-0.
Barata, JM.M. , Durao D.F.G. (2004), “Laser-Doppler Measurements of
Impinging Jet Flows Through a Crossflow”, Experiments in Fluids, 36, 665—
674, doi: 10.1007/s00348-003-0737-3.

Barringer, M.D., Thole, K.A, Polanka, M.D. (2004), "Developing a Combustor
Simulator for Investigating High Pressure Turbine Aerodynamics and Heat
Transfer", Proceedings of the ASME Turbo Expo 2004, doi: 3.
10.1115/GT2004-53613.

Boyce M. P. (2006), Gas Turbine Engineering Handbook, 3™ edition, Gulf
Professional Publishing, Elsevier, ISBN: 978-0-7506-7846-9.

Bibin John, P. Senthilkumar, Sreeja Sadasivan (2018), "Applied and
Theoretical Aspects of Conjugate Heat Transfer Analysis: A Review", Archives
of Computational Methods in Engineering, doi: 10.1007/s11831-018-9252-9.
Brauckmann D., Wolfersdorf J. (2005), “Influence of Compound Angle on
Adiabatic Film Cooling Effectiveness and Heat Transfer Coefficient for a Row
of Shaped Film Cooling Holes”, ASME Paper GT2005-68036, p. 9.
Brauckmann D., Wolfersdorf. J (2005), “Application of Steady and Transient
IR-Thermography Measurements to Film Cooling Experiments for a Row of
Shaped Holes”, ASME Paper GT2005-68035, p. 11.

Bouchez, J.P. and Goldstein, R. J. (1975), “Impingement Cooling From a
Circular Jet in a Cross Flow” International Journal of Heat and Mass Transfer
Vol. IS, pp. 719-730. Pergaman Press, Printed in Great Britan.

Bohn D., Kusterer K. (2005), Turbulent and Conjugate Heat Transfer Simulation
for Gas Turbine Application, WIT Transactions on State of the Art in Science and
Engineering, Vol 15, doi:10.2495/978-1-85312-956-8/08.

Bohn Dieter E., Tom Heuer and Karsten A. Kusterer (1997), “Application of a
Conjugate Fluid Flow and Heat Transfer Method in the Thermal Design Process



[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

128

of a Convection-Cooled Turbine Nozzle Vane”, ASME ASIA '97 Congress &
Exhibition Singapore.

Claire Soares (2014), Gas Turbines: A Handbook of Air, Sea and Land
Applications, Elsevier, pp 1020, ISBN: 0124104851, 9780124104853.

Carlo Carcasci, Lorenzo Cocchi, Bruno Facchini, Daniele Massini (2016),
“Impingement Cooling Experimental Investigation Using Different Heating
Elements”, Energy Procedia 101, 18-25, doi: 10.1016/j.egypro.2016.11.003.
Camerlengo G., Borello D., Salvagni A. and Sesterhenn J. (2018), “Effects of
Wall Curvature on the Dynamics of an Impinging Jet and Resulting Heat
Transfer”, Active Flow and Combustion Control 2018, Notes on Numerical
Fluid Mechanics and Multidisciplinary Design 141, doi: 10.1007/978-3-319-
98177-2_22.

Chana Kam, Povey Thomas, Jones Terry (2003), “Heat Transfer and
Aerodynamics of an Intermediate Pressure Nozzle Guide Vane With and
Without Inlet Temperature Non-Uniformity”, ASME TURBO EXPO 2003,
d0i:10.1115/GT2003-38466.

Collado Morata E., Gourdain N., Duchaine F., Gicquel L.Y.M. , (2012),
“Effects of Free-Stream Turbulence on High Pressure Turbine Blade Heat
Transfer Predicted by Structured and Unstructured LES”, International Journal
of Heat and Mass Transfer, Volume 55, Issues 21-22, October 2012, Pages
5754-5768, https://doi.org/10.1016/j.ijheatmasstransfer.2012.05.072

Da Soghe, R., Bianchini, C., D’Errico, J., and Tarchi, L. (2019), “Effect of
Temperature Ratio on Jet Impingement Heat Transfer in Active Clearance
Control ~ Systems”,  ASME. J.  Turbomach  141(8): 081009,
d0i:10.1115/1.4043217.

Deepchand Singh Negi, Arvind Pattamatta (2015), “Profile Shape Optimization
in Multi-Jet Impingement Cooling of Dimpled Topologies for Local Heat
Transfer Enhancement”, Heat Mass Transfer 51, pp. 451-464,
d0i:10.1007/s00231-014-1420-3.

Dorrington J., Bogard D., Bunker R. (2007), “Film Effectiveness Performance
for Coolant Holes Embedded in Various Shallow Trench and Crater
Depressions”, in ASME paper GT2007-27992.



https://doi.org/10.1016/j.egypro.2016.11.003
https://doi.org/10.1007/978-3-319-98177-2_22
https://doi.org/10.1007/978-3-319-98177-2_22
https://doi.org/10.1016/j.ijheatmasstransfer.2012.05.072
https://doi.org/10.1115/1.4043217

[33].

[34].

[35].

[36].

[37].

[38].
[39].
[40].

[41].

[42].

[43].

[44].

129

Edwards J.P., NG JE, Pyestock (1970), Liquid and Vapour Cooling Systems for
Gas Turbines, Aeronautical research council- Ministry of technology, London:
Aeronautical research council- Ministry of technology.

Earl Logan, Jr. and Ramendra Roy (2003), Handbook of Turbomachinery,
Second Edition Revised and Expanded, ISBN: 0-8247-0995-0.

Francis Shum-Kivan, Florent Duchaine, Laurent Gicquel (2014), “Large-Eddy
Simulation and Conjugate Heat Transfer in a Round Impinging Jet”
Proceedings of ASME Turbo Expo 2014: Turbine Technical Conference and
Exposition GT2014, June 16 — 20, 2014, Dusseldorf, Germany.

Florschuetz, L.W., Metzger, D.E., Su, C.C. (1983), “Heat Transfer
Characteristics for Jet Array Impingement With Initial Crossflow”, ASME 1983
International Gas Turbine Conference and Exhibit, Volume 4: Heat Transfer;
Electric Power, Phoenix, Arizona, USA, Conference Sponsors: International
Gas Turbine Institute, ISBN: 978-0-7918-7954-2.

Freund S.(2008), Local Heat Transfer Coefficients Measured With Temperature
Oscillation IR Thermography, Ph.D. Dissertation, Helmut-Schmidt-Univ.,
Hamburg, Germany.

Flir(2013), Flir Systems Thermography Product Catalog.

Filr (2013), User’s manual, Flir ix series, Publ. No T559733.

Gang Lin, Karsten Kusterer, Anis Haj Ayed, Dieter Bohn, Takao Sugimoto
(2014), “Conjugate Heat Transfer Analysis of Convection-cooled Turbine
Vanes Using y-Re6 Transition Model”, International Journal of Gas Turbine,
Propulsion and Power Systems, December 2014, VVolume 6, Number 3.
Gorelov Yu.G. and Kopylov I.S.(2003), “Water Injection into Turbine Cooling
Air to Ensure the Extreme Conditions in the Turbojet Bypass Engine” ISSN:
0579-2975, U3B. By3oB. ABnannonHas Texauka, Vol. 1.

Goldstein, R. J. and Behbahani, A. I. (1982), “Impingement of a Circular Jet
With and Without Cross Flow”, International Journal of Heat and Mass
Transfer, Vol. 25, No. 9, pp. 1377-1382, Printed in Great Britan.

Giovanni Cerri, Ambra Giovannelli, Lorenzo Battisti, Roberto Fedrizzi (2007),
“Advances in Effusive Cooling Techniques of Gas Turbines”, Applied Thermal
Engineering, vol. 27, pp. 692-698, doi:10.1016/j.applthermaleng.2006.10.012.
Gillespie, D. R. H. , Wang, Z. , Ireland, P. T. , and Kohler, S. T. (1998), “Full
Surface Local Heat Transfer Coefficient Measurements in a Model of an



[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

130

Integrally Cast Impingement Cooling Geometry”, ASME J. Turbomach., vol.
120, no. 1, pp. 92-99..

Geers L.F.G. (2003), Multiple Impinging Jet Arrays: an Experimental Study on
Flow and Heat Transfer, doctoral thesis, ISBN: 90 901 7774 4, Netherlands.
Gladden H. J., Livingood J. N. B., and Gauntner D. J. (1972), Comparison of
Temperature Data from a Four-Vane Static Cascade and a Research Gas
Turbine Engine for a Chordwise-Finned, Impingement and Film-Cooled Vane,
NASA TM X-24717.

Han J.C, Sandip Dutta, Srinath Ekkad (2013), Gas Turbine Heat Transfer and
Cooling Technology, CRC Press, ISBN-13: 978-1-4665-6490-9 (eBook - PDF).
Haiping Chang, Dalin Zhang, and Taiping Huang (1997) "Impingement Heat
Transfer From Rib Roughened Surface Within Arrays of Circular Jet: The
Effect of the Relative Position of the Jet Hole to the Ribs", Proceedings of the
ASME 1997 International Gas Turbine and Aeroengine Congress and
Exhibition, ASME, doi: 10.1115/97-GT-331.

Halila E,E., Lenahan D.T., and Thomas T.T. (1982), Energy Efficient Engine
High Pressure Turbine Test Hardware Detailed Design Report, Report No
NASA CR-167355.

Hossain M. A., Agricola L., Ameri A., Gregory J. W., and Bons J.P. (2018),
“Sweeping Jet Impingement Heat Transfer on a Simulated Turbine Vane
Leading Edge”, Journal of the Global Power and Propulsion Society, 2, pp.
402-414, doi: 10.22261/JGPPS.5A70AZ.

Hossain M.A., Agricola L.M., Ameri Ali, Gregory J.W., Bons J.P. (2018)
“Effects of Curvature on the Performance of Sweeping Jet Impingement Heat
Transfer”, 2018 AIAA Aerospace Sciences Meeting, doi: 10.2514/6.2018-0243.
Hylton, L.D., Milhec, M.S., Turner, E.R., Nealy, D.A. & York, R.E (1983),
Analytical and Experimental Evaluation of the Heat Transfer Distribution over
the Surfaces of Turbine Vanes, NASA-Report CR 168015.

Hadi Yavari, Ali Khavari, Mohammad Alizadeh, Behrad Kashfi, Hiwa Khaledi
(2019), “Aero-Thermal Redesign of a High Pressure Turbine Nozzle Guide
Vane”, Propulsion and Power Research, 8(4), pp. 310-319, doi:
10.1016/j.jppr.2019.01.012.

Immarigeon A. and Hassan I. (2006), “An Advanced Impingement/Film

Cooling Scheme for Gas Turbines — Numerical Study”, International Journal


https://doi.org/10.22261/JGPPS.5A7OAZ

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

131

of Numerical Methods for Heat & Fluid Flow, Vol. 16 No. 4, pp. 470-493,
d0i:10.1108/09615530610653091.

James W. Gauntner, Herbert J. Gladden, Daniel J. Gauntner, and Frederick C.
Yeh (1974), Crossflow Effects On Impingement Cooling Of A Turbine Vane,
NASA Report TM X-3029.

Junsik Lee, Zhong Ren, Phil Ligrani, Michael D. Fox, Hee-Koo Moon (2015),
“Crossflows from Jet Array Impingement Cooling: Hole Spacing, Target Plate
Distance, Reynolds Number Effects” International Journal of Thermal Sciences
88, 7e18.

Junsik Lee, Zhong Ren, Phil Ligrani, Dae Hee Lee, Michael D. Fox, Hee-Koo
Moon (2014), “Cross-Flow Effects on Impingement Array Heat Transfer With
Varying Jet-to-Target Plate Distance and Hole Spacing”, International Journal
of Heat and Mass Transfer ,75, pp. 534-544.

Jefferson-Loveday R. J., Tucker P. G. (2010), “LES of Impingement Heat
Transfer on a Concave Surface”, Numerical Heat Transfer, Part A: Application.
Volume 58- Issue 4, doi: 10.1080/10407782.2010.505166.

Jozef Blachnio, Wojciech lzydor Pawlak (2011), “Damageability of Gas Turbine
Blades — Evaluation of Exhaust Gas Temperature in Front of the Turbine Using a Non-
Linear Observer”, Advances in Gas Turbine Technology, ISBN: 978-953-307-611-9.
Kusterer K. , Elyas A. Bohn D. Sugimoto T. , Tanaka R.( 2008), "Double-Jet
Film-Cooling for Highly Efficient Film-Cooling with Low Blowing Ratios" in
ASME Paper GT2008-50073.

Karsten Kusterer, Jens Dickhoff, René Braun, Ryozo Tanaka, Tomoki
Taniguchi, et al. (2016), “Conjugate Heat Transfer Simulations for a Film
Cooled Nozzle Guide Vane of a High-efciency, Industrial Gas Turbine”, 16th
International Symposium on Transport Phenomena and Dynamics of Rotating
Machinery, Apr 2016, Honolulu, United States <hal-01879379>.

Kimo Instruments. Technical Data Sheet of Manometer MP 210.

Ke Z., Wang J. (2016), “Conjugate Heat Transfer Simulations of Pulsed Film
Cooling on An Entire Turbine Vane”, Applied Thermal Engineering 109, pp.
600609, doi: 10.1016/j.applthermaleng.2016.08.132.

Livingood, J. N. B. and Hrycak P. (1973), Impingement Heat Transfer from
Turbulent Air Jets to Flat Plates - A Literature Survey, NASA Report No TM
X-2778, Lewis Research Center.



https://doi.org/10.1080/10407782.2010.505166

[65].

[66].

[67].

[68].

[69].

[70].

[71].

[72].

[73].

[74].

132

Lorenzo Winchler Ing. (2015), Design Tools and Innovative Concepts for Gas
Turbine Cooling Applications, PhD Dissertation, University of Florence, Italy.
Lu Y., Faucheaux D. and Ekkad S. V.(2005), "Film Cooling Measurements for
Novel Hole Configurations™ in ASME 2005 Summer Heat Transfer Conference
collocated with the ASME 2005 Pacific Rim Technical Conference and
Exhibition on Integration and Packaging of MEMS, NEMS, and Electronic
Systems, ASME.

Lukaszewicz, G., Kalita, P. (2016), Navier—Stokes Equations: An Introduction
with Applications, Advances in Mechanics and Mathematics, Springer, ISBN:
978-3-319-27758-5, doi: 10.1007/978-3-319-27760-8.

Lei-Yong Jiang, Yinghua Han and Prakash Patnaik (2018), "Chapter 7:
Conjugate Heat Transfer of an Internally Air-Cooled Nozzle Guide Vane and
Shrouds”, Heat Transfer - Models, Methods and Applications,
doi:10.5772/intechopen.74104.

Lei-Yong Jiang and Prakash Patnaik (2019), "An Effective Approach for
Turbine Hot Component Failure Analysis”, Engineering Failure Analysis, doi:
10.5772/intechopen.90385.

Marcel Leo’'n De Paz, B. A. Jubran (2011), “Numerical Modeling of Multi
Micro Jet Impingement Cooling of a Three Dimensional Turbine Vane”. Heat
Mass Transfer 47, pp. 1561-1579, doi: 10.1007/s00231-011-0819-3.

Marcel Leon De Paz, B. A. Jubran (2008), “Predictions of Thermal and
Hydrodynamic Characteristics of a Single Circular Micro-Jet Impinging on a
Flat Plate”, Proceedings of ASME Turbo Expo 2008: Power for Land, Sea and
Air. June 9-13, 2008, Berlin, Germany, GT2008-50490.

Makatar Wae-hayee, Perapong Tekasakul, Smith Eiamsa and Chayut Nuntadusit
(2014), “Effect of Cross-Flow Velocity on Flow and Heat Transfer Characteristics
of Impinging Jet With Low Jet-To-Plate Distance”, Journal of Mechanical Science
and Technology 28 (6) pp. 2909-2917, doi: 10.1007/s12206-014-0534-3.
Man-Woong Heo, Ki-Don Lee, Kwang-Yong Kim (2011), “Optimization of an
Inclined Elliptic Impinging Jet With Cross Flow for Enhancing Heat Transfer”,
Heat Mass Transfer 47, pp. 731-742, doi: 10.1007/s00231-011-0763-2.

Majid Rezazadeh Reyhani, Mohammad Alizadeh, Alireza Fathi, Hiwa Khaledi
(2013), “Turbine Blade Temperature Calculation and Life Estimation - A



http://dx.doi.org/10.5772/intechopen.74104

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].

133

Sensitivity Analysis”, Propulsion and Power Research 2013; 2(2), pp. 148-
161, doi: 10.1016/j.jppr.2013.04.004.

Michele Gaffuri, Alexandros Terzis, Peter Ott, Stefan Retzko, Marc Henze
(2018), “Evaluation of Heat Transfer Coefficients for an Impingement Cooling
Cascade: Experimental Challenges and Preliminary Result” XXIV Biannual
Symposium on Measuring Techniques in Turbomachinery Transonic and
Supersonic Flow in Cascades and Turbomachines, Prague, Czech Republic.
Mukherjee D. K. (1978), “Stresses in Turbine Blades Due to Temperature and
Load Variation”, Contributed by the Gas Turbine Division of The American
Society of Mechanical Engineers for presentation at the Gas Turbine
Conference & Products Show, London, England.

Nevin Celik (2011), “Effects of the Surface Roughness on Heat Transfer of
Perpendicularly Impinging Co-Axial Jet”, Heat Mass Transfer 47, pp. 1209—
1217, doi: 10.1007/s00231-011-0785-9.

Nicolas Gourdain, Laurent Y. M. Gicquel and Elena Collado (2013),
“Comparison of RANS simulation and LES for the Prediction of Heat Transfer
in a Highly Loaded Turbine Guide Vane”, Journal of propulsion and power,
vol 28, No 2, https://doi.org/10.2514/1.B34314.

Pansang, R., Wae-Hayee, M., VVessakosol, P., Nuntadusit, C (2014), “Heat Transfer
Enhancement of Impinging Row Jets in Cross-Flow with Mounting Baffles on
Surface”, Advanced Materials Research 931-932, pp. 1218-1222.

Pullarao Muvvala, C. Balaji, S. P. Venkateshan (2015), “Effect of Surface
Roughness on the Enhancement of Jet Impingement Cooling Performance”,
Proceedings of the 23" National Heat and Mass Transfer Conference and 1%
International ISHMT-ASTFE Heat and Mass Transfer Conference
IHMTC2015, 17-20 December, 2015, Thiruvananthapuram, India.

Peng Guan, Yan-Ting Ai and Cheng-Wei Fei (2019), “An Enhanced Flow-
Thermo-Structural Modeling and Validation for the Integrated Analysis of a
Film Cooling Nozzle Guide Vane”, Energies 2019, 12, 2775;
doi:10.3390/en12142775.

Prasert Prapamonthon, Soemsak Yooyen, Suwin Sleesongsom, Daniele
Dipasquale, Huazhao Xu, Jianhua Wang and Zhaoging Ke (2018),
"Investigation of Cooling Performances of a Non-Film-Cooled Turbine Vane



https://db.vista.gov.vn:2088/authid/detail.uri?origin=resultslist&authorId=35491966100&zone=
https://db.vista.gov.vn:2088/authid/detail.uri?origin=resultslist&authorId=6506467024&zone=

[83].

[84].

[85].

[86].

[87].

[88].

[89].

[90].

[91].

[92].

[93].

134

Coated with a Thermal Barrier Coating Using Conjugate Heat Transfer",
Energies 2018, 11(4), 1000; doi: 10.3390/en11041000.

Quan Liu (2006), Study of Heat Transfer Characteristics of Impinging Air Jet
Using Pressure and Temperature Sensitive Luminescent Paint, Ph.D.
Dissertation, University of Central Florida.

Qingfei Bian, Jin Wang, Yi-tung Chen, Qiuwang Wang, Min Zeng (2017),
“Numerical Investigation of Mist/Air Impingement Cooling on Ribbed Blade
Leading-Edge  Surface”, Journal of Environmental Management,
doi:10.1016/j.jenvman.2017.05.052.

Ryoichi S. Amano, Bengt Sundén (2014), Impingement Jet Cooling in Gas
Turbines, WIT Press, ISBN: 978-1-84564-906-7.

Ricklick, M.A. (2009), Characterization of an inline row impingement channel for
turbine blade cooling applications, Ph.D. Dissertation, University of Central Florida.
Solnar S., Petera K., Dostal M., Jirout T. (2017), “Heat transfer measurements
with TOIRT method”, EPJ Web of Conferences 143, 02113, EFM 2016, doi:
10.1051/epjconf/201714302113.

Solnar S., Dostdl M., K. Petera, Jirout T. (2018), “Application of the
Temperature Oscillation Method in Heat Transfer Measurements at the Wall of
an Agitated Vessel”, Acta Polytechnica 58(2), pp. 144-154,
doi:10.14311/AP.2018.58.0144.

Stevens, J., Webb, B. W. (1991), "Local Heat Transfer Coefficients Under an
Axisymmetric, Single-Phase Liquid Jet," Journal of Heat Transfer, Vol. 113, pp. 71 - 78.
Shirpay, M.R., Kazempour-Liacy, H. (2013) "Failure Analysis of a Repaired
Gas Turbine Nozzle", Journal of Failure Analysis and Prevention, volume 13,
pp. 243-248, doi: 10.1007/s11668-013-9667-4.

Tabakoff W., Hosny W., Hamed A. (1977), “Computation of the Temperature
Distribution in Cooled Radial Inflow Turbine Guide Vanes”, ASME 77-GT-83.
Thurman D., Flegel A., Giel P. (2014), “Inlet Turbulence and Length Scale
Measurements in a Large Scale Transonic Turbine Cascade”, AIAA 2014-3934,
doi: 10.2514/6.2014-3934.

Unnikrishnan K S, Sabu Kurian, Jijo Johnson, (2018), "Study of Jet
Impingement Heat Transfer”, International Research Journal of Engineering
and Technology (IRJET), e-ISSN: 2395-0056.



http://dx.doi.org/10.1016/j.jenvman.2017.05.052
https://doi.org/10.1007/s11668-013-9667-4

[94].

[95].

[96].

[97].

[98].

[99].

135

Viskanta, R.( 1993), "Heat Transfer to Impinging Isothermal Gas and Flame Jets",
Experimental Thermal and Fluid Science (ISSN 0894-1777), vol. 6, no. 2, pp. 111-134.
Versteeg H.K. and Malalasekera W. (2007), An Introduction to Computational
Fluid Dynamics- The Finite Volume Method, Second Edition © Pearson
Education Limited 1995, ISBN: 978-0-13-127498.

Vinicius Guimardes Monteiro, Edson Luiz Zaparoli, Claudia Regina de
Andrade, Rosiane Cristina de Lima (2012)"Numerical Simulation of
Performance of an Axial Turbine First Stage"”, J. Aerosp. Technol. Manag.,
Vol.4, No 2, pp. 175-184, doi: 10.5028/jatm.2012.04025411

Wandelt M. and Roetzel W. (1997), “Lockin Thermography as a Measurement
Technique in Heat Transfer” in Proceedings of the Quantitative Infra-Red
Thermography, Pizza, Italy, pp. 189-194.

Wang Bingxu, Zhang Weihong, Xie Gongnan, Xu Yingjie, Xiao Manyu (2015),
“Multiconfiguration Shape Optimization of Internal Cooling Systems of a
Turbine Guide Vane Based on Thermomechanical and Conjugate Heat Transfer
Analysis”, Journal of Heat Transfer, VVol. 137, doi: 10.1115/1.4029852.

Wang P, Li Y, Zou Z, Zhang W (2013) "Conjugate Heat Transfer Investigation
of Cooled Turbine Using the Preconditioned Density Based Algorithm",
Propulsion and Power Research 2(1), pp. 56-69
d0i:10.1016/j.jppr.2012.10.004.

[100]. Wei Wang, Jianmin Gao, Xiaojun Shi, Liang Xu (2013), “Cooling

Performance Analysis of Steam Cooled Gas Turbine Nozzle Guide Vane”,
International Journal of Heat and Mass Transfer 62, pp. 668-679, doi:
10.1016/j.ijheatmasstransfer.2013.02.080.

[101]. Yu Rao, and Yamin Xu (2012), “Liquid Crystal Thermography Measurement

Uncertainty Analysis and Its Application to Turbulent Heat Transfer
Measurements”, Advances in Condensed Matter Physics, Volume 2012, Article
ID 898104, 8 pages, doi:10.1155/2012/898104.

[102]. Yoshisaburo Yamane, Yoshiyasu Ichikawa, Makoto Yamamoto and Shinji

Honami (2012), “Effect of Injection Parameters on Jet Array Impingement Heat
Transfer”, International Journal of Gas Turbine, Propulsion and Power
Systems, Volume 4, Number 1.


http://dx.doi.org/10.1016/j.jppr.2012.10.004

136

[103]. Yunus A. Cengel, John M. Cimbala (2014), Fluid Mechanics-Fundamentals
and Applications, third edition, Published by Mcgraw-Hill, ISBN: 978-0-07-
338032-2.

[104]. Zuckerman, N., Lior, N. (2006), “Jet Impingement Heat Transfer: Physics,
Correlations, and Numerical Modeling”, Advances in Heat Transfer, Volume
39, ISSN: 0065-2717, doi: 10.1016/S0065-2717(06)39006-5.

[105]. Zuckerman, N. & Lior, N. (2005), “Impingement Heat Transfer: Correlations
and Numerical Modeling”, ASME Journal of Heat Transfer, 127, pp. 544-552.

[106]. Zhongran Chi, Jing Ren, Hongde Jiang (2014), “Coupled Aero-
Thermodynamics Optimization for the Cooling System of a Turbine Vane”,
Turbomachinery, vol. 136.

[107]. Zhu W., Wang J.W., Yang L., Zhou Y.C., Wei Y.G.,, Wu R.T. (2017),
"Modeling and Simulation of the Temperature and Stress Fields in a 3D Turbine
Blade Coated with Thermal Barrier Coatings”, Surface and Coatings
Technology, Volume 315, pp. 443-453, doi: 10.1016/j.surfcoat.2017.03.012.
Tiéng Nga

[108]. ABnyesckuit B.C, INanuueiickuit 6.M, T'me6o I'.A, u ap (1992), Ocnosuet
Tennonepeoauu 6 Asuayuounoi u Paxemno-Kocmuueckoti Texuuxe, M.:
Marmmnoctpoenue, -528ct, ISBN: 5-217-01338-9.

[109]. Bonkos K.H, EmensskoB B.H (2008), Mooeruposanue Kpynuvix Buxpeii 6

Pacuemax Typoynenmuwix Teuenuii. M: ®usmatiur, 306c, ISBN: 978-5-
9221-0920-8.

[110]. I'punienko E.A., lanunsuenko B.I1., «I[1ytu CoBepuieHcTBOBaHUS U PazsuTus
["a3orypOunHbIX YcranoBok Hazemnoro Mcnonb3oBanusi, Co3zaBaemMbIX Ha
OcHoBe ABuarmoHHsIx JlBurateneii» 6 Tpyowvt XIII mexcoynapooHnoi nayuuo-
mexHuyeckou  KOoH@pepenyuu no  xomnpeccopocmpoenuro. Tom 1L
Komnpeccopnas mexnuxa u nneemamuxa ¢ XXI eexe.

[111]. Hamesckuii FO. 5. (2010), "CosepiienctBoBanue Cucrtem OXJIaxIcHUsI
Jlomatok Beicoko Temneparypueix Onepreruueckux ['T/" Bocmouno-
Esponeitickuil sicypran nepedoswix mexronozul, 1. 3/2, Ne. 45, ct. 24-31.

[112]. 3ops - Mammmpoekt, UGT 3000 o2 Mopcrozo u [lpomvicaenozo Ipumenenus.

[113]. Bops — Mammpoekr (2003), Mopckue [azomypbunnvie /leueamenu u
Yemanosku.

[114]. 3ops - MammpoekT, [eueamens /[P 76. Texuuueckoe Onucanue.


https://doi.org/10.1016/j.surfcoat.2017.03.012

137

[115]. 3ops - Mammpoext, Jeueamens /[P 76. @opmynsp.

[116]. 3ops - Mammpoekt, Mzoeaue M153.1 OMS5. Hncmpykyus no Sxcniyamayuil.

[117]. 3a66apoB P. (2008), Mamepuanvr u Texunonoecuueckue Ilpoyeccol
Hzeomoenenus 3acomosox u Omaueok Aspokocmuueckozo Hasznmauenus, 92,
ISBN 978-5-0691-9, Camapa, 1M3a-so CT'AY.

[118]. Uno3zemueB A.A, Cangpauxuit B.JI (2006), Iazomypbunnvie /Jeucamenu,
[lepmb: ABUagBUTATED.

[119]. Konecosa E. I'. (2016), Paspabomxa Memooa Onpedenenus Kospguyuenmos
Tennoomoauu 6 Cucmemax Oxnadxcoenus Jlonamox Typoun na Ochose
Hecmayuonaprnoti  Ungpaxpacnoii  Tepmoepaguu, uccepramms K. T.H,
Pri6unckwmii ['ocynapcTBeHHbIN ABHAIMOHHBIN TeXHIUUECKU Y HUBEPCHUTET.

[120]. Kyamenko M. JI., Yurpun B. C. , benosa C. E (2005), Cmamuueckas
Ilpounocmo Pabouux Jlonamox u /{uckoe Komnpeccopose u Typoun [T/
/YaebHoe nocoodue, Peiounck: PIATA, — 74 cr.

[121]. Jlokaii B.M, bomynoB M.H, JXKyiikop B.B, Illykun A.B (1985),
Tennonepeoaua 6 oxnadaemvlx Oemaunsax 2a3omypOuHHvlX Osucamenell
Jemamenvuslx annapamog, MammHHocTpoenue— 216 cr.

[122]. Munoanoga, B., SIpoomienko, B. (2017) “Hossiit Meton Oxnaxaenus Jlomatok
I"azotypoun”, Scientific Works, 80(2), https://doi.org/10.15673/swonaft.v80i2.341.

[123]. Muxaitnosuu C.E.(2014), Hccreoosanue u Paspabomka Memodoe Pacuema
Cucmem IIponukarowezo Oxnasicoenus ons Jlonamok
Buvicokomemnepamypnuix 'azosvix Typoun, Iucceramus K. T.H, Mockaa.

[124]. Harora T.IT (1996), O¢gexmusnvie Cnocobwvr Oxnasxcoenus Jlonamox
Buvicokomemnepamypnuix 'azosvix Typoun, Yuebnoe nocooue, MAU.

[125]. Hazapenko A. B (2008), D¢pdexmusnocms Cocmaenvix I[Iponuyaemoix
Obonouex 6 Connosvix Jlonamxax Iazosvix Typoun c Ilponuxarowum
Oxnaswxcoenuem, Juccepranus K.T.H, Cankr-IlerepOyprekuit
TOCY/IapCTBEHHBIN IMOTUTEXHUICCKUN YHUBEPCUTET.

[126]. Hectepenko, B. T., JliobarypoB A. M. (1999). Amaac Cxemno-
Koncmpyxmusnwix Pewenuii Y3106 BP/]: yue6. nocooue - M. : MAU, - 88 cr.

[127]. Hryen Yynr Kuen (2007), Dppexmusnocmv u Peeyruposanue Mowmnocmu
Mopckoeo I'azomypbounnoco [eueamens ¢ Ilaposvim TennoymunuzayuoHusim

Koumypom npu Ammocgepnoii Konoencayuu Ilapa u Ynpasiaowem



138

Onexmponpueode, Juccepranmms K. T.H, Canxkr — IletepOyprckuii
I'ocynapcrBennsit Mopckor TexHru4ecKuid Y HUBEPCUTET.

[128]. Hryen Yynr Kuen (2012), “Meroauka Pacuera [Tapamerpos ['a30TypOHHHOTO
JBuratens Ha Yactuunbix Pesxxumax Paboter”, JKypran Ompacnesvie Acnexmot
Texnuueckux Hayx, ISSN: 2221-2507; Ne 12 (24).

[129]. Hukutuu B.C., ITonosunkun B.H., bapanosckuii B.B (2017), “CoBpemMeHHOE
Coctrosnue u IlepcnexktuBbl PazButus OteuecTBEeHHBIX ['a30TypOMHHBIX
DHepreTuueckux YcCTaHoBoK’, Tpyowr Kpwirosckoeo [ocyoapcmeennoco
Hayunoeo Illenmpa, 3(381), ct. 75-90. doi: 10.24937/2542-2324-2017-3-381-
75-90.

[130]. IMerenpuny B. KO (2016), Cosgepuwencmeosanue Cucmem Ilnenounoeo
Oxnasicoenus Bxoonwvix Kpomox Jlonamox ['azoswvix Typouwn, Jluccerarus
K.T.H, Uucturyt Texunueckoil Temnoduzuku, Kues.

[131]. Paun A. A. (2015), Juacnocmuueckoe Qbecneuenue Cy0o6020
Ouepeemuueckozo Qbopyodosanus: I[Ipooremvr u Pewenus, uccepraius
JA.T.H, Canxr-IletepOypr: Cankr-IlerepOyprckuit  I'ocynapcTBeHHBIN
Mopckon Texunueckuii Y HUBEpCHUTET.

[132]. Pomanos B.M (2005), Huxonaesckue Iazomypbunnvie Jleuecamenu u
Yemanoexu. Hemopua Cosoasanus, Tl HIIKT “3ops — Mammnpoext”, LlenTp
HUOKP “Mammpoext”, Hukonaes: Uzn-so “FOr-Uudopm™, 304 ct, ISBN:
966-8586-04-2.

[133]. Peant Peu A., Hecrepernko B.I'. (2017), “Ocobennoctu [IpoekTupoBanus 1
[ToBbiienuss  O¢ddexktuBHoctn  TpyOuateix  Bozgyxo - Bozgymsbix
TennooOMeHHUKOB, Y cTaHaBnBaeMbix B CucreM OxnaxaeHus COBpeMEHHBIX U
[lepcniexktuBnbix Typoun I'T/1”, Hayuno-mexnuueckuii gecmuuk Ilogonices, T. 4.

[134]. PeBant Penmu A., Hecrepenko B.I'. (2018), “KoncTpykTBHBIE MeETOIbI
CosepmieHctBoBanust  Kputnunbix  Y31m0B  CucteMbl  OxnaxjaeHus
Copemennbix Bricokoremnepatypubix TBJ] Aunaumonnsix ['TI”, Hayuno-
mexnuyeckuil gecmuux Ilosonsxces, T. 5.

[135]. Pxasun 1O. A., EmMun O. H., Kapaces B. H., mox pex. 0. A. PxxaBuna (2008),
Jlonamounvie Mawuner /{eucameneti Jlemamenvruvix Annapamos, Teopus u
Pacuem, ISBN: 978-5-7035-2048-2, Mocksa , MAU-TTPVHT.

[136]. Cenmtopes C.M (2010), Bausnue Ommuowenus Pasnocmeii Jasnenuil

Oxnascoarowezo Bozoyxa Ha Jlegpnekmope u Cmenxe Connogoti Jlonamku na



139

Tennosoe Cocmosnue Bxoonou Kpomxu, Ilepmkuii I'ocymapcTBEeHHBII
TexHnyecknii Y HUBEpCUTET.

[137]. TpetpsikoB A.®. (2015), "Ocobennoctu Texunomoruu WM3roToBacHUs
Typounnsix Jlomatok ¢ IlopucteiMm Oxnaxaenuem', UHoicenepublil HCypHaAL:
Hayka u uHHosayuu, T. 6.

[138]. Isery . T. wu [weiban E. I1 (1974), Bosoywmnoe Oxaadowcenue emaneii
T'azosvix Typoun, Kues: HaykoBa nqymka, 1974.

[139]. XanmatoB A.A, PomanoB B.B, [amesckuii 10.5, ITucemennsiit JI.H (2010),
"Terneniun Pa3zsutus Cucrem Oxnaxnaenus Jlonatok BeicokoTemmnepaTypHbIX
Oueprernueckux [T/l Yacts 2. [lepcniektuBHble Cxembl OxaxxaeHus , [lpom.
Tennomexuuxa, ISSN: 0204-3602, t. 32, Ne. 2, cT. 60-72.

[140]. YepnoBa T.A (2006), Bausuue Hecmayuonapuvix AHenenuti  Ha
Temnepamypuvie Hanpsowcenus u Pecypc Oxnascoaemvix Jlonamox Typoun
I'T/], Muccepraums K. T.H, [Ipems.

[141]. Uy Xour Xa (2004), Cosepwencmsosanue Mamemmamuueckux Mooeneil
Ilpoexmuposanus Cmynenu Ocesoz0 Komnpeccopa Mopckozo
T'asomypbunnoco Jeueamens, Quccepramus K. T.H, Cankr — IletepOyprckuit
['ocynapctBennbiii Mopckoit Texunueckuil Y uuBepcuret, Cankt — IletepOypr.
Website

[142]. https://static-int.testo.com/media/ef/2e/e09ea9551de8/testo-425-Data-sheet.pdf



https://static-int.testo.com/media/ef/2e/e09ea9551de8/testo-425-Data-sheet.pdf

PHU LUC 1

PHU LUC 2

PHU LUC 3

PHU LUC 4

PHU LUC 5

140

PHU LUC

DANH MUC CAC PHU LUC CUA LUAN AN

Tén phu luc
Théng sé hinh hoc cua tang tuabin cao ap va théng sb van
hanh cta dong co DR76 trén tau HQ375......................
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PHU LUC 1
THONG SO HINH HOC CUA TANG TUABIN CAO AP
VA THONG SO VAN HANH CUA PONG CO DR76 TREN TAU HQ375

Thong sb hinh hoc cua ting tuabin cao ap dong co DR76 dugc do dac trén
dong co cat b tai Hoc vién Hai quan (Bang PL1- 1). Thong sé van hanh ciaa dong co
DR76 dugc ghi nhan trén tau HQ 375, chi tiét duoc trinh bay trong bién ban ngay 20
thang 7 nam 2017.

Bang PL1- 1. Thong s6 hinh hoc cua ting tuabin cao ap dong co DR76

TT | Nhom Tén théng sb hinh hoc Ky hiéu/ Gia tri
[don vi] phuong trinh tinh
1 Puong kinh ngoai tai dau vao [m] Dnb-t0 0,446
DPuong kinh trong tai dau vao [m] Dnb-ho 0,390
Puong kinh trung binh tai dau _ D,, 1o+ Dy | 0418
Vé.O [m] nb-mO0 2
4 Chiéu cao dau vao canh phun [m] o D, ., —D, | 0028
nb0 — 2
Thiét bi
phun - , Y
5 buong kinh ngoai tai dau ra [m] Dnb-t1 0,446
6 Puong kinh trong tai dau ra [m] Dnb-ht 0,390
DPuong kinh trung binh tai dau ra _ D, +D,, 0418
[m] nb—m1 2
8 Chiéu cao dau ra canh phun [m] ) D,,-D,, | 0028
nbl 2
9 DPuong kinh ngoai tai dau vao [m] Drb-t1 0,448
10 DPuong kinh trong tai dau vao [m] Drb-n1 0,387
11 Puong kinh trung binh tai dau _ D, +D, | 04175
Banh | vao [m] oo 2
cong tac
12 Chiéu cao dau vao canh cong tac ! D, -D,, | 00305
[m] rbl 2
13 Puong kinh ngoai tai dau ra [m] Drb-t2 0,4515




TT | Nhom Tén thong sb hinh hoc Ky hiéu/ Giatri
[don vi] phuong trinh tinh
14 DPuong kinh trong tai dau ra [m] Drb-h2 0,387
15 Buong kinh trung binh tai dau ra 5. Diwt Dy 041925
[m] rb-m2 — 2
16 Chiéu cao dau ra canh cong tac h Dy =Dyn 0,03225
[m] w2 2

17 | G6c hinh | Tai mat cat dinh canh [d6] Oho-t 90

18 | hoc dau | Tai mat cit trung binh cua canh Otb0-m 90
vao thiét | [d0]

19 | biphun | Tai mat cit chan canh [d0] Otho-h 90

20 | Goc hinh | Tai mit cat dinh canh [d6] Ob1-t 14

21 | hoc dau | Tai mat cat trung binh cua canh Ob1-m 14
ra thiét bi | [do]

22 | phun | Tai mit cat chan canh [d6] Ob1-h 14

23 | G6c hinh | Tai mat cat dinh canh [d9] Dot 92

24 | hocdau | Tai mat cat trung binh cua canh Sor-m 70
vao banh | [dd]

25 | congtac | Tai mat cit chan canh [d6] Borh 60

26 | GOc hinh | Tai mat cat dinh canh [dg] Dozt 22

27 | hoc dau | Tai mat cat trung binh caa canh Soz-m 25

rabanh | [dd]

28 | cOngtac | Tai mat cat chan canh [dd] Booh 31

29 | S6 luong | Canh phun 45

30 canh Céanh cbng tac 70




Phu luc

THONG SO VAN HANH CUA PONG CO TUABIN KHI TRONG TO HQP M153.1 OM5

ngay 20/7/2017)

Bang 1. Thong sé van hanh cia dong co hanh trinh man trai P 7611 (m& sé6 15MIB152)

TT| Chédd Ap suit moi Nhiét dé moi Tocddpquay | Tocddquay | Tocddquay | Nhiétddsau | Ap suitnhién

tai trurdng po, trwong To, °C | truc thap ap truccao 4p | ciachan vit | tuabinthap ap | liéu truwéc voi

kgf/cm? nkug, vg/ph Nkeza, Vg/ph nre, vg/ph Tos, °C phun, kgf/cm?
1 30% 1,033 25 8800 15610 150 310 15
2 30% 1,033 25 8900 15700 150 315 15
3 40% 1,033 25 10650 17350 240 440 30
4 40% 1,033 25 11000 17600 250 420 30
5 62,5% 1,033 25 12900 19120 350 550 32
6 62,5% 1,033 25 12900 19120 350 550 32

Bang 2. Thong s6 van hanh dong co hanh trinh man phai P 76J1 (m& s6 15MJIB151)

TT| Chédd Ap suit moi Nhiét do moi Tocddpquay | Tocddquay | Tocddquay | Nhiétddsau | Ap suatnhién

tai trurdng Po, trweong To, °C | truc thap ap truc cao 4p | ciia chanvit | tuabin thap 4p | liéu truéc voi

kgf/cm? nkuz, vg/ph nkexg, vg/ph nre, vg/ph Tos, °C phun kgf/cm?
1 30% 1,033 25 8400 15310 150 330 15
2 30% 1,033 25 8500 15500 150 320 15
3 40% 1,033 25 10800 17540 240 440 30
4 40% 1,033 25 11000 17570 250 470 30
5 62,5% 1,033 25 13100 19270 350 580 32
6 62,5% 1,033 25 13100 19270 350 570 32




PHU LUC 2
MOT SO HINH ANH MINH HOA KET QUA TINH TOAN MO PHONG CFD
BANG PHAN MEM ANSYS-CFX

Yplus
Contour 6

1.051
F 0.946
0.841
0.736

- 0.631
0.526
0.421
0.317
0.212
0.107
0.002

>/

A

Hinh PL2- 1. Phan b6 y* trén Ip bién dau tién bén ngoai canh nguyén ban

SN SEntours
RS TL\\T\\_ 1.120
= - *:—i;ﬁ\\\ﬁ% ' 1.008

s | ' 0.896

0.784
0672
0.560
0.448
0.336
0.224

I 0.112
. » 0.001
Hinh PL2- 2. Phan bd y* trén Iép bién dau tién tai mat trong CPCA nguyén ban

Yplus
Contour 5

0.906
. 0.815

0.725
0.634
0.544

0.453
l 0.363
0.273

0.182
I 0.092

0.001

Hinh PL2- 3. Phan b y* trén 16p bién dau tién tai mat trong CPCA theo phuong 4n 3



AR

Do cao 5% b6 cao 25% b6 cao 50%

Temperature
Contour 15

8.500e+002
I 8.250e+002
8.000e+002
7.750e+002
7.500e+002
7.250e+002
7.000e+002
6.750e+002
6.500e+002
6.250e+002

6.000e+002
K]

b cao 75% ) b6 cao 95%
Hinh PL2- 4. Phan bo nhiét @6 khéng khi lam méat trong CPCA nguyén ban

AR

Do cao 5% Do cao 32% Do cao 50%
Temperature
Contour 15
8.500e+002
I 8.250e+002
8.000e+002
7.750e+002
7.500e+002
7.250e+002
7.000e+002
6.750e+002
6.500e+002
6.250e+002
6.000e+002
[K]
Do cao 68% Do cao 95%

Hinh PL2- 5. Phan bd nhiét do khong khi 1am mét trong CPCA theo phuong 4n 3



Velocit
Vector

5.334e+002

- 4.001e+002

2.667e+002
1.3346+002

0.000e+000
[m s*-1]
0 0.045 0.090 (m)

|
0.0225 0.067

Hinh PL2- 6. Phan bd vec to van téc dong khi chay qua CPCA nguyén ban

Veloci e e e e

Vector ===

532.991

399.743

266.496

133.24J

0.000
[m s?-1]

0,050 (m)
—
0.0125 0.0375

Hinh PL2- 7. Phan bé vec to van téc dong khi chay qua CPCA theo phuong 4n 3



0 001'5‘ 0.03 (m)W\ S/D:3, VR:3

0.0075 0.0225
E) (1 SUESA | A— 2
0 0015 0.03 (m) S/D:3, VR=5
0.0075 0.0225
i
i
jif
N o S/D=3; VR=7
0.0075 0.0225

Hinh PL2- 8. Véc to dong khi trén mat phang x0z khi S/D=3 véi VR khéc nhau
(M6 phong Rej=13000; H/D=2; S/D=3)

0 0.025 0.050 (m)

P 0575 S/D=10; VR=3
I t
Ba, B B S
0 0.025 0.050 (m) A, _
0.0125 0575 S/D_lo’ VR=5
i r

0 | 0.02;” B 7 0.050 (m) S;[):lo. VR:7

Hinh PL2- 9. Véc to dong khi trén mat phang x0z khi S/D=10 véi VR khéc nhau
(Mb phong Rej=13000; H/D=2; S/D=10)




PHU LUC 3
XU'LY SO LIEU THUC NGHIEM, TINH TOAN HE SO TRAO POI NHIET

1. Poc va xir ly s6 liéu tir anh nhiét

Xt 1y, doc anh phan bé nhiét trén bé mit tim kim loai, chuyén tir dit liéu hinh
anh sé sang dir liéu s6. O day khi lya chon thang cua camera nhiét i7 do dang
“grayscale” thi nhiét 46 cua tirng pixel anh duoc hién thi ¢ dang cuong d6 sang, nhiét
d6 T dugc quy chiéu tuyén tinh theo thang do cuong do sang int duoc biéu dién theo
s nguyén trong dai 0+255. T4c gia nung nong tam kim loai sao cho nhiét do bé mat
déng déu, sau do dung camera nhiét chup lai vai dai do dugc dat ¢ dinh (Tmax Va Tmin
la hing sb). Thuc hién trén 150 lan nhu vy, so sanh gitta nhiét d6 hién thi trén goc
trai phia trén voi cuong do sang cua tap hop diém trong vong tron tam (Hinh PL3- 1
a), ta thu duoc mdi quan hé giira nhiét do T va cuong d6 sang int (Hinh PL3- 1 b). R
rang thay rang T 12 ham tuyén tinh cua int.

T=T, +Tgap -int (PL3.1)

Trong do: T ,, = H To =Tin _Tgap ‘int

50.8°C SFLIR 60
19-11-21
50

%).40
_4>_ B

min

30 T_linear
e T_measured
20 =
0 50 100 150 200 250
[24°C w1 55°C]| intIR

a b
Hinh PL3- 1.Anh chyp tir camera nhiét flir i7 (a) va do thi mbi quan hé gitta cuong
do¢ sang int va nhiét @6 T (b)

oC 50 R°C SRR 250
34.2 OFLIRE 50.8° Pl y = 0.8549x + 0.3054
200 R2=0.9716
2150

=0~ =100

50 e int
0 Linear (int)

m__ m 0 50 lO(%nt 150 200 250
) o cD

a b
Hinh PL3- 2. Anh chup tir camera k§y thuat s6 11 (a) va do thi moi quan hé giira
intoc va intir(b)




Tuy nhién dix liéu tac gia thu dugc trong qua trinh thyc nghiém la hinh anh thu
cap thu duoc tir camera ki thuat s6 11, do d6 cudong d6 sang thu duoc intpc s& khac
Vv6i cudng do sang intir tir anh gdc trong camera nhiét. Bé khic phuc diéu nay, can
budc hiéu chinh, trong d6 so sanh cudng do sang cua anh gbc (intir) chup duoc bai
camera nhiét va anh k¥ thuat s6 (intoc) chup lai tir man hinh camera nhiét (Hinh PL3-
1a & Hinh PL3- 2 a). Hinh PL3- 2 b biéu dién méi quan hé giita intir va intoc.

temperature, oC

20 18
40
60 f 46
a0
100 44
140 12
180
180 o
200
36

20 40 B0 80 100 120 140 160
plxe

pixel

Matt (£=0

—
waare ob)

temperature oC

40.5 P
40 y =0.7042x + 10.673 i
R2 = 0.9397 cO45H° &
39.5
k=3 . 8%}% a0
§ 39 :n ::' o — 100
— 2
385 b=
calip
38 . . 160
Ot Linear (calip) 5
37.5 200
38 39 40 41 42 m _
TcamO 20 40 B0 80 . 100 120 140 160
pixel
C d

Hinh PL3-3. Calip nhiét ¢6 bang s6 hién thi trén man hinh camera nhiét
a-Anh k§y thuat s6; b -Ma tran nhiét d6 ban dau; ¢ — Ham hiéu chinh;
d — Ma tran nhiét do hiéu chinh
Str dung hai budc bién doi trén c6 thé chuyén dix lidu cuong do séang trén anh
ki thuat s6 (Hinh PL3-3a) thanh dix liéu ma tran nhiét do (Hinh PL3-3 b). Tuy nhién,
nhiét do cua diém tdm cta ma tran Teamo SO Vi gia tri nhiét 6 hién thi trén man hinh
camera nhiét Teaip (Hinh PL3-3 &) vin c6 sy khéac biét. Tap hop cac diém Teamo VA
Tealip ndy thu dugc mot ham hiéu chinh (Hinh PL3-3 ¢), sau khi str dung ham nay vao
matlab ta thu dwgc ma tran nhiét @6 hiéu chinh (Hinh PL3-3d).
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2. BU trdi dir ligu

Trong qua trinh do ta thay riang nhiét do trung binh cua tim c6 xu hudng ting
dan, diéu nay 1a do tac dong cua nhiét luong lién tuc cAp vao bé mat tim. Hién tuong
nay nay thuong xay ra trude khi dat trang thai 6n dinh, théng thuong can tranh trong
thue nghiém vi né s& anh huong téi két qua do. Tuy nhién thuc té trong phép do nay,
dé dat dén trang thai 6n dinh mét rat nhiéu thoi gian, dong thoi, ludn cé yéu td bén
ngoai lam mét su 6n dinh, do vay cé thé giam thiéu sy bién thién nay nhung khong
thé loai bo hoan toan né.

Theo cdng trinh [37] hién tuong troi nhiét anh hudng dén do tré pha nhu sau: do
tr6i dwong dan dén do tré pha Ién hon thyc té; trdi &m cd tc dung nguoc lai. Do do, dit
liéu do c6 chira d9 troi nhiét do6 khong déng tin cay va phai duoc xir ly toan hoc dé bu do
troi nay. Sau khi bt thanh céng, dix liéu ¢ thé dugce xir Iy theo quy trinh chuan va s& cho
két qua giéng nhu dit liéu dat dwoc ma khong bi troi.

Thuat toan bu do troi bao gom:

(1) Tinh toan nhiét do trung binh cua timg pixel, sau d6 1ay trung binh cua cac
gia tri nay dé tim nhiét do trung binh cua ca tap dit liéu;

(2) Sau d6 ddi véi mbi chu ky, xay dung mot ham tuyén tinh tir su chénh léch
nhiét do trung binh cua hai chu ky 1an can, tir d6 tinh toan ra d6 b cia mdi anh so
V6i dir lidu 6n dinh;

(3) D4i véi mbi anh, gia tri bu nay duoc thém vao ham tinh gia tri nhiét do;

(4) Budc tha 1 t6i budc tha 3 duoc lap lai trén moi pixel va tao thanh mot ma
tran dir liéu bu twong tng vai tap dit liéu gdc, cac budc nay dung lai khi gié tri bl
nho hon gié tri yéu cau;

(5) Ma tran ham bu thu dwoc sau vong lap duoc dung dé bu vao dit liéu géc,
cho ta tap di liéu méi dat yéu cau vé sy 6n dinh.

Két qua cua thuat toan nay cho mdi diém c6 dang nhu Hinh PL3-4.

43 .
h”m N mﬂ"”” '\“\0 .
42 i ‘/,,w \-f,""l hj";’\‘ vb“f,:l,‘
Yy # b, I o §
41 A '\ﬁ i I"'i* / T
O | o M
S_ 40 # " e A
= -c"" "un 'r
# Ko L) 7
¥4 W e Nhiét o gbe
38 M A an e
s Nhiét @6 sau bu troi
37
0 15 30 45 60 75 90

Hinh PL3-4. Vi du V& dit liéu nhiét 6 sau khi bu trdi cia mot diém
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3. Pong b thai gian

Viéc ddng bd anh theo thoi gian bao gém viéc xac dinh so do thoi diém bt
dau va goc hiéu chinh gnuniphase.

Viéc xac dinh so bo thoi diém bat dau bang cach bit thoi diém dén bao bét dau
cap dién (trén mach diéu khién). Tuy nhién do tan sé chup anh c6 gigi han, nén van
cd sai s6 trong viéc nay, theo cong trinh [37] sai sb c6 thé 1én téi +2 frames. Dé khic
phuc diéu nay, can tién hanh tinh toan goc hiéu chinh gnuniphase.

Theo céc dit liéu ta thay, ngay khi tat dén thi nhiét do trén tam lap tac giam di,
va khi bat dén thi nhiét do trén tim c6 xu hudng ting 1én (Hinh 3.16.¢), n6i cach khac,
vi tri nhiét do dat cuc tri cho ta théng tin vé thoi diém bat dau cac xung nhiét.

Ta ciing thay rang, gia tri cuc dai va cuc tiéu c6 thé khdng nam ¢ nhitng anh
ta chup duoc, do d6 can xay dyng thuat toan dé du doan cac thoi diém nay. N6 duoc
x4c dinh bang cach lay tuyén tinh cac diém trudc va sau cuc tri cua nhiét do trung
binh toan tim do dugc (Hinh PL3-5), giao diém cua hai duong tuyén tinh nay duoc

coi nhu 13 thoi diém cuc tri thuc (hiéu chinh).
55.35

Diém cuc tri
55.3 \/ hiéu chinh
-
o
55.25 A a
= D& p \
% 552 iém cuc tri \\.
o do duoc \
© 55.15 \
= \\
55.1 m  diém nhiét d6 %
N " )
5505 | = duodng tang -
= = = Judng gidm
55

663 664 665 666 667 668 669 670 671 672 673
s6 frames

Hinh PL3-5. Phuong phap xac dinh thoi diém dat cuc trj cua nhiét do trung binh
toan tam
Gia tri trung binh caa do léch cua thoi gian giira cac diém cuc tri hiéu chinh
S0 Vi gia tri Iy teang caa ching & tat ca cac chu ky dugc 14y 1am thoi gian hiéu chinh
(dé tinh ra g6c hiéu chinh @nuiiphase). DI Véi truong hop sir dung ngudn nhiét c6 dang
s6ng vudng, & mdi chu ky thoi diém dat cuc dai va cuc tiéu Iy tudng trong Gng Voi
goc phazvaO0.
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4. Phan tich Fuourier tim dé tré pha ¢
Sau khi c6 két qua bu thanh céng nhu dang Hinh PL3-4 thi tién hanh phan tich
dit liéu nhiét d6 cua tirng diém trén tim kim loai thanh cac chudi Fourier. Tur day, do
tré pha cua ting vi tri duoc tinh todn tir cac hé s6 a, b cua chudi Fourier:

a= %Zn:Ti cos(at, );b= %Zn:Ti sin(at;)
1 1

A=+a? +b2;¢=arctan%

(PL3.2)

5. Xic dinh thoi gian tré cia dén halogen

1

08

0.8

q/dy

04

0.2

0 07854 1571 23566 3142 38927 4712 5498 6283

ot

Hinh PL3-6. Cuong d6 ngudn bic xa nhiét dang séng vuéng [37]

Theo Iy thuyét thi khi dong ngudn dién ta 1ap tic thu duoc cuong do sang, hay
1a cudng d6 ngudn birc Xa go, nhung trong thuc té thi ngudn nhiét bic xa q(t) co do
tré cua ban than nd (Hinh PL3-6). Do tré nay dugc goi 1a do tré nhiét ciia dén, no sé
lam cho két qua thuc nghiém cé thém sai s6 néu khong duoc tinh téi. Cuong do dong
nhiét caa dén q(t) duoc viét dudi dang céng thic sau [37]:

a(t) t

S =1-€ 7 khi 0<t<(p/2)

o (PL 3.3)

p

t——2
) _ o khi (p/2)<t<p
4o
& day 7 — hang sé phu thudc vao phan ciing cua dén halogen.

Thoi gian tré cia dén taelay VA gOC tré cta dén Agdelay duoc xac dinh bang:

-arctan| —
_ P APty _ P (b) (PL 3.4)

t,. =
delay 2.72_ 2'72_




13

Véi hé sé a va b duoc xac dinh bing phwong trinh sau [37]:

P P
a—_i ﬂ -b—g_g ﬂ (PL35)
pr| 1 4x* | 7z x| 1 4n° '
2P 2P

O day ta thay thoi gian tré teiay phu thudc vao phan ciing cua dén (z) va do dai
chu ky (P). Do kho xéac dinh hiang sé = nén dé xac dinh thoi gian teeiay cin tién hanh
thyc nghiém do dac do tré pha ¢|,_ trén md hinh ban vo han, tuc 14 trén tm kim
loai, mot mat bi cach nhiét hoan toan (h=0).

Khi h=0 thi =0, khi dé theo phuong trinh (3.8) goc tré ly thuyét khi khong

c6 do tré dén ¢-%¥=0 dyroc tinh theo phuong trinh sau:

delay=0  C
tang| 7 =2 (PL 3.6)
C3
Ta do duoc gia tri tré pha thuc ¢|,_ s& bang tong cua tré phag| ™™ va
A(ﬁdelay, tuc la:
t_delay=0
AQuay =Pl s~ |, (PL3.7)

Trong truong hop nay, tac gia da stir dung chinh phwong phap TOIRT, xac dinh
duoc thoi gian tré ciia dén halogen 500W 14 teelay=0,205 s, gid tri nay twong ddi phi
hop voi két qua da cong b trong cong trinh [37], [87], [88].

6. Giai phwong trinh (3.8) tim hé s6 trao d6i nhiét
Phuong trinh (3.8) ¢6 thé viét dudi dang phuong trinh bac hai ddi voi hé sd
trao d6i nhiét h, tir d6 ta giai va lay két qua trong dai phu hop.

287 7c,~tang| _, (28%°c, +48% %, ) |n° +
+| 27, —tang|,_ (2876, + 480y, |+ (PL 3.8)
+c,—tang| _ (2¢hc, +¢,)=0

a
Trong d6 ¥y =——
&40 7= 5w
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PHU LUC 4
CODE XU LY DU LIEU THUC NGHIEM TRONG PHAN MEM MATLAB
Poc va xir ly sb liéu tir anh K§ thuat sb

1. %% Clear Workplace

2. close all;

3. clear all;

4. clc;

5. %% Chon kich thudéc khung anh

6. xmax= 170; %sb luong pixel theo truc x

7. ymax= 231; % sb luong pixel theo truc y

8. imax=810; % sb6 luong frame

9. %% Vong ldp doc anh

10. for i=l:imax;

11. % Khai bdo tén anh

12. s1="TN (';

13. s2=")";

14. s3='.jpg';

15. name=strcat(sl,int2str(i),s2,s3);

16. J = imread (name) ; %$Poc anh

17. J=imcrop (J, [458 843 xmax-1 ymax-1]);%Cit anh theo kich thudc dinh
san

18. J = rgb2gray(J); %Chuyén sang dang Grayscale
19. A(:,:,1)=d(:,:); SLuu ma tran cuong dé sang cua anh
20. end

21. %% Convert sang anh gbc clua camera nhiét
22. A = double(A);

23. A=0.8549*A+0.3054;

24 . name='TIRDataFileName'

25. save 'A' name A;

26. for i=1l:imax;

27. T max=53;

28. T min= 37;

29. int min=17.5;

30. int max=230;

31. T _gap=(T max-T min)/(int max-int min);

32. T0=T min-T gap*int min;

33. % Convert sang dit 1iéu nhiét dd

34. m(:,:,1i)=T0+T gap*A(:,:,1); %Ham tuyén tinh tu cudng dd séang
thanh nhiét doé

35. end

36. m=1.2455*m-10.963; %Ham calip nhiét do

37. %% Luu d& 1liéu nhiét do
38. name='IRDataFileName'
39. save 'm' name m ;

Bu troi dir ligu

40. %% Clear Workplace

41. close all;

42. clear all;

43. clc;
44, load('m.mat');
45. [xmax, ymax, imax] = size(m);

46. p=30; %P6 dai chu ky tinh theo s

47. dt = 1/9; %Budc anh

48. tdelay=0.205; %Pd tré cua dén halogen
49. n = floor (imax*dt/p); %$S6 luong chu ky
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50. imax =n*p/dt

51. i = l:imax; %S6 thu tu anh
52. drift = 1;

53. LDC = 1;

54, S%Bu trdéi va nhiét dbé trung binh
55. while drift”2 > 5*10" (-4)

56. TmeanP = zeros (xmax,ymax,n);

57. for pn = 1l:n %d6 rdng cua chu ky

58. ip = floor ((pn-1)*p/dt+l:pn*p/dt); %56 tht tu anh & chu ky tht n
59. for x = l:xmax
60. for y = l:ymax

61. TmeanP(x,y,pn) = sum(squeeze (m(x,y,1ip)))/p*dt; %Nhiét doé trung
binh cua chu ky

62. end

63. end

64. end

65. Tmean = sum(TmeanP, 3)/n; %$Nhiét dé trung binh chung

66. drift = (mean (mean (TmeanP(:,:,n)))-mean (mean (TmeanP(:,:,1))))/n;

$P6 bu trung binh ctua mdi chu ky

67. $Tuyén tinh bu troéi

68. 1f LDC >= 1

69. Tdrift = single(zeros (xmax,ymax,imax)) ;

70. for pn = 1l:n

71. for ip = l:round(p/dt) %S6 tht tu anh & chu ky tht n

72. 1f (pn == 1)

73. Tdrift(:,:,ip) = ((TmeanP(:,:,pn+tl) - TmeanP(:,:,pn)))*((ip-
1) /p*dt) +TmeanP (:, : ,pn) -Tmean;

74. elseif (pn==n)

75. Tdrift(:,:,ip+(n-1)*round(p/dt)) = ((TmeanP(:,:,pn)-TmeanP(:,:,pn-
1)))*((ip-1) /p*dt) +TmeanP (:, : ,pn) -Tmean;

76. else

77. Tdrift(:,:,ip+(pn-1) *round(p/dt)) = ((TmeanP(:,:,pn+l)-

TmeanP (:, :,pn-1))/2) * ((ip-1) /p*dt) +TmeanP (:, : ,pn) —-Tmean;
78. end;

79. end

80. end

8l. m = m - Tdrift;
82. if LDC ==

83. Tdrifttotal = squeeze (Tdrift(:,:,imax)-Tdrift(:,:,1));
84. end;
85. LDC = LDC + 1;

86. end;

87. 1if LDC == 0

88. break;

89. end;

90. end;

91. clear TmeanP Tdrift;

92. m = m - min(min(min(m))); % Chia ty 1é& dit 1liéu bang cach loai bo
phdn khéng déi

93. mmean (i) =squeeze (mean (mean(m(:,:,1))));

Pong bé thoi gian bang cuc tri caa dir liu
94. for lrange = 1:2

95. maxphase(l:n) = 0;

96. minphase(l:n) = 0;

97. for pn = 1:n

98. ip = floor((pn-1)*p/dt+l:pn*p/dt-floor (pn/n));

99. warning ('"');
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100. maxindices(pn) =find(diff (mmean (ip))==
min (diff (mmean (ip))))+round((pn-1)*p/dt-1lrange+l) ;
101. %Tim sé tht tu cua anh cé nhiét d6 dat cuc tiéu & mdi chu ky
102. if maxindices(pn)-6 > 0 && maxindices (pn)+3 <= imax
103. maxindices(pn) = find(mmean (maxindices (pn)-2:maxindices (pn)) ==
max (mmean (maxindices (pn)-2:maxindices (pn))) ) +tmaxindices (pn)-3;
104. %Tim gid tri cuc dai gan cuc tiéu
105. if maxindices (pn) <= round((pn)*p/dt) && maxindices (pn) >
round ( (pn-1) *p/dt)
106. fcl = polyfit (maxindices (pn)-8:maxindices (pn)-1,
mmean (maxindices (pn) - 8:maxindices(pn)-1),1);
107. fc2 = polyfit(maxindices (pn)+l:maxindices (pn)+3,
mmean (maxindices (pn) +1l:maxindices (pn)+3),2);

108. x0 = [-(fc2(2)-fcl(1l))/2/£fc2(1) + sqgrt((((fc2(2)-
fcl(1l))/£fc2(1))"2)/4-(£fc2(3)-fcl(2))/fc2(1)), -(fc2(2)-
fcl(1l))/2/fc2 (1) - sqrt((((fc2(2)- fcl(l))/fc2(1l))"2)/4-(fc2(3)-
fcl(2))/fc2(1))1:

109. % giao diém clia polyfits = cuc dai thuc té

110. if imag(x0) ==

111. if abs(maxindices (pn)-x0(1l)) < abs(maxindices (pn)-x0(2))

112. maxindex (pn) = x0(1)-round((pn-1)*p/dt);

113. else

114. maxindex (pn) = x0(2)-round((pn-1)*p/dt);

115. end

116. maxphase (pn) = 2*pi/p* ((maxindex (pn)-1)*dt)-pi;

117. end

118. end

119. end

120. warning('');

121. minindices(pn) = find(diff (mmean (ip)) ==
max (diff (mmean (ip))))+round( (pn-1) *p/dt-1lrange+l) ;

122. % s$6 thtr tu anh c6 nhiét dé dat cuc dai & mdi chu ky

123. if minindices(pn)-6 > 0 && minindices (pn)+3 <= imax

124. fcl = polyfit(minindices (pn)-8:minindices (pn)-1,
mmean (minindices (pn)-8:minindices (pn)-1),1);

125. fc2 = polyfit(minindices (pn)+l:minindices (pn)+3,
mmean (minindices (pn)+1l:minindices (pn)+3),2);

126. x0 = [-(fc2(2)-fcl(1))/2/£fc2(1l) + sqgrt((((fc2(2)-
fcl(l))/fc2(1))"2)/4- (fc2(3)-fcl(2))/fc2(1l)), -(fc2(2)-
fcl(1l))/2/fc2 (1) - sqrt((((fc2(2)- fcl(l))/fc2(1))"2)/4-(fc2(3)-
fcl(2))/fc2(1))1;

127. %intersection of polyfits = actual maxima

128. if imag(x0) ==

129. if abs(minindices(pn)-x0(1l)) < abs(minindices (pn)-x0(2))

130. minindex (pn) = x0(1)-round((pn-1)*p/dt);

131. else

132. minindex (pn) = x0(2)-round((pn-1)*p/dt);

133. end

134. if minindex (pn)+round((pn-1)*p/dt) > minindices (pn)

135. minphase (pn) = 2*pi/p* ((minindex (pn)-1)*dt) ;

136. end

137. if minphase(pn) > pi

138. minphase(pn) = minphase(pn) - 2*pi;

139. end

140. end

141. end

142. end

143. nullphase = meansqgwt (nonzeros ([maxphase minphase]));
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144, %$LAy gia tri trung binh cé trong sbé tu tdt cd cac giad tri

145. sps_quality = [std(nonzeros ([maxphase minphase]))/2/pi*p;
numel (nonzeros ( [maxphase minphase]))]1;

146. 1if sps _quality(l)/p > 0.01 warning('Phase Sync Error >1%!'");
end;

147. if (sps_quality(2)/n >= 1 && sps_quality(l)/dt < 0.333) break;
end;

148. end

149. nullphase=0;
Phan tich Fourier tim ¢

150. a = zeros (xmax,ymax); %hé sbé fourier thi nhat

151. b = zeros(xmax,ymax); % hé sb fourier thu hai

152. t = (i-1).*dt;

153. for x=1l:xmax

154. for y=1l:ymax

155. a(x,y)= 2*sum(squeeze (m(x,y,1))"'.*cos(2*pi/p.*t))/imax;
156. b(x,y) = 2*sum(squeeze (m(x,y,1))"'.*sin(2*pi/p.*t))/imax;
157. end

158. end

159. amp = sqgrt(a.”2+b."2);

160. phi = min(max(atan2(a,b)+nullphase+tdelay/p*2*pi, -pi/2),0); %do
tré pha ndm trong dai -pi/2 < phi <0

161. % Két qua

162. colormap jet(32);

163. subplot(4,1,1), imagesc(phi), colorbar, title('Phase');

164. subplot(4,1,2), imagesc(amp), colorbar, title('Amplitude');

165. subplot(4,1,3), imagesc (Tmean), colorbar, title('Mean');

166. if ILDC >= 1

167. subplot(4,1,4), imagesc(Tdrifttotal), colorbar, title('Drift');

168. end

169. set(gcf, 'Position', [200,50,600,85017);

170. evalareax=(1+0:xmax-0);

171. evalareay=(1+0:ymax-0);

172. phi full = phi;

173. phi = phi(evalareax,evalareay);

174. phi ave = mean(mean (phi));

175. stdev = mean (std(phi)):;

176. save 'phi' name phi phi full p;

177. name='IRDataFileName'

178. phi result = [phi ave; stdev]

Giai phwong trinh de tim hé so trao doi nhiét

179. %% Clear Workplace

180. close all;

181. clear all;

182. clc;

183. %% Tinh todn hé sb trao ddi nhiét

184. load('phi.mat');

185. phi=-phi;

186. [xmax, ymax] = size(phi);

187. d=0.001; %P6 day cua tam tinh theo m

188. w=2*pi/p;

189. % Théng sb vat ly cua vat liéu tém

190. dens=7810; % Khdéi luong riéng, kg/m"3

191. cp=500; % Nhiét dung riéng, J/kg.K

192. k=15; % Hé sb dan nhiét, W/mK

193. a=k/(dens*cp); % PO khuéch tan nhiét, m*2/s
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194. xi=d*sqrt(w/(2*a)); % P66 day khéng tht nguyén cua tam, dai cua
x1<0.5

195. hn=3; % Hé sb trao dbi nhiét tu do & bé mit ngoai cua tém

196. % Cac hé sb

197. c0=(cosh(xi))”"2* (cos(xi)) "2+ (sinh(xi))"2* (sin(x1i))"2;

198. cl=cosh(xi)*sinh (xi)+cos (xi) *sin (xi);

199. c2=(cosh(xi))”"2* (sin(xi)) "2+ (sinh(xi))"2* (cos(x1i))"2;

200. c3=cosh(xi)*sinh(xi)-cos(x1)*sin(x1i);

201. b=a/(d*k*w); % psi=h*b dai giad tri khuyén cédo cua psi 0.1-10

202. %% Giai phuong trinh tim hé sbé trao dbéi nhiét

203. h=zeros (xmax, ymax);
204. for x=1:xmax

205. for y=l:ymax

206. H=[2*xi"2*b"2*c3-

tan (phi (x,y))* (2*xi”2*b"2*cl+4*xi~3*b"3*hn*c2)
2*xi*b*c2-tan (phi (x,y))* (2*xi*b*c0+4*xi"2*hn*b"2*cl)
cl-tan (phi (x,y))* (2*xi*hn*b*c0+c3)];

207. hi=roots (H) ;
208. h(x,y)=hi(2,:);
2009. end

210. end

211. for x=1:xmax

212. for y=l:ymax

213. if h(x,y)<0
214. h(x,y)=0;
215. end

216. end

217. end

218. Nu=h*0.005/0.026;

219. clims=[0 2007];

220. imagesc(Nu, clims), colorbar,
221. xlswrite('Nu.xlsx',Nu)

222 . name='IRDataFileName'

223. save 'Nu' name Nu ;

Ham tinh trung binh c6 treng so caa nullphase

1. $Function meansgwt for sgared mean-deviation weighted average
gminimizes influence of outliers on average data

function meansgwt = meansqwt (data)

sgwt = 1./ (data-mean (data)+le-12).72;

meansgwt = sum(sqwt.*data)/sum(sqwt) ;

end

oUW N
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PHU LUC 5
MOT SO HINH ANH THUC NGHIEM

Hinh PL5- 2. Po d6 ddng déu cua luu lwong khong khi phun ra khoi cac 16 phun
bang thiét bj Testo 425 va E Instruments E8500 plus
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Hinh PL5- 3. Biéu chinh van tc dong ngang bang bo diéu chinh céng suat cho quat
thoi

Hinh PL5- 4. Biéu khién dén bang code xay dung trén phan mém LabVIEW
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Hinh PL5- 5. Diéu chinh thang do ctia camera nhiét
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Hinh PL5- 6. Bao céo két qua, xin y kién gop y cua cac chuyén gia



