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M, nblUJ

nng wabitn kh?2 @na@d BKhQt S Idiie i, trong
I - [i\WJh cdng still, n, ki'n £ n gi _killg Htlilbhanh trong khikhi ° hge
k2 chcrhlg@nénng  y ¢ &adnglt /@ rdi trén may bayau chih va
cac nha may cong ngi.Béndch h ¢ § @wh @o h, €iVih i n nhE ¢ aphfn
|l nn CT BK "UsiH thh kinhfjvatiith ¢, n t h urmag kiAHpit tdhg.

Tuy nhién trong qué trinh phat\icac tijh L, n g @dihg,std, hi u stHi¢ a
n CTBkkongngng t tng mtem CTBK asu el Unhmc
L t i 40%[25].

nW% ‘e aqu L ;nhit  tung binh caddng khi ra khibd'n g't L
Tg khdong ngn g ° ¢ €t L nTheotdAgnrinh[18]v.i ¢ ¥4 ki n dhit L
kh!ngfukdok hi t'#n dycnahin CTHBK55,5C cong skt cé ich
ca rng ch tLogHdE%, tHHb5%0. Hinlayl « cn-g € h
nhit  tfung binh sau b g tlI%t i 200K [43]v " t €hng W&caoc , n
h hnfjntamhit _ dayl « n 1 h h@ sowh i nny&wu g ¢ acac &l vd
li' u chu nhi t tién tih nhEl (<1400K). D pvEhl QlAam mat cac canh tuabirfm
ngay sau bun gt tf thanh chia khoa cho phattrMica nCTBK HvV QL |
khéng bao gi mAl  tiakthis .

Hin nay, n G BtK€gph goifiliréncactau Hiquan Vit Nam
vatau dnh séat biM,.... Mttrongnhn g ©u t Fuwtrong ki ¢ kha thac,'s
dng nCTHKDOO ~ BQL, tihcdy . nCTBIRquanLang Haed m
Vi tNamlal n g thl]h th ba do Ucraina thif k/jjva §n xuli[132]. Canh phun
tuabin cao 4p (CPCA) a ¢ &g lc H ‘@nlanymat KM " il Ib¥&gpmang
phanphi,L ©y | °~ ph<€hnglcgph)gpnice minig pP@Pn ph
KIH ply.

Theocdng trin[116],  ng th i gian lam vic® ch]l, 'nh m csau milfn
lYtuga nCTBKygiihh tll0 0 hiv(illng c¢ h cDR77nhdd
200h(, ng c h hDRY®, mtt phPn nduyén nhan lakch/JL, L' nh m ¢ canh
tuabin lamvic t r o n’'gng nhtti  dhgrnkgt  ttung binh cadong khi sau
bdn g tEBntigfn 1300K[113], nhit . ¢ ch cothMént i 1400K Qa may
lam gim t 2 n Img gcah t LFbubi,t khi'tAc chij trong thi gian dai. Vic t £ ng
c “ag lam méat 8lam giim s khdo nghit ma canh pfi chu 1, co tWh i r ng
gi. i hth th i gian nay.



nNW Engngc® " m m§t Ebbid tliatiSmmgd ditegb i n
babi n phapc hinaogm:t £ n'gngc® " h ¢i L [ ®@Htrong ¢ a canh
v, i dong khéng khi lam méatth chjdongnhitt d ., ng k h2 ®@mtbngoaill i v
canh, gim nhi tL, dong khéng khi lam matiythuc v ° o |l aahtuabirh €
nhit  dongkhindng, |8  nlg c¢ h d mgriéng Thotb ki h p cacbi n phap
nay. Bi n phapth nhil  Lfm @ hi €dngmgh gia cong phc t trong khdng
gian nh hG, bi n phapth haihi u qu 1am matcao nfiin h ©n g 1am mat
kht!nmgQkacén h “mg€ntidongkhi nbngchlyt r ong k°nh | €
¢ a fng tuabin lam gim hi u sl tfng tuabin  “tnd & dng cho canh c6 kich
t hed n,bi nphap3 L, ikhénggianbtril nvatnthdl ° bhg@d khi cao.

P h ‘©h niimang phan phon3n trongbi n phapth nhi, hi u gqu 1am mat
cao, khongn h  ig®i dong cjfy quanth g ¢ &ngth,i vi B gia céng, hoan
ci |~ kht'ng Phehnigh § o itrénytipgAn h  Ihpinginty/
| mpi nge nménndch I§ti@ phdan trc ti/p, trongth g Ngraj W dzj &fils s te
m~ n g ngdéhgVQbln chH, khinhinvao &litb canhsdng ph€hng §n
thbBy c6 1 mang ct  "Lc@Hlbén trong canh, khéng khi lam métlsi qala c¢ §
phun phan btrén mangcth n Wyicat v tri cfn t £ mglancné, do vdy
trong khuon kh luch an thng ntis d ngthutng A m™ ng pihd@mitém h
ph€hng 8n n"vy.

P h€©hnmanggphan phipht hpviyeuduga nCTBKyt "l -t h "~
kffchh L Hmtdgth , WO, tincdycaovanidl [iv iclc canh cé kich
th&h nh€ tmd nc B h " n76 Nghiéndcm kQlam Rat tuabin thc
chiila nghién cuvQdongclfy v ° qu 8§ imhi® nhr o n gapludi b i n ,
bai toarkho,c h€a ¢ - m?! ' rchordre] cacafhigreanh \rion mang tinh
this .

Vel Qlam mat l1a mt trong nhn g | ig@ghién cu quan frng khéng
nh n g’ i\ inha$n xud, thif k/Jtrén th]gi imadv. inh ng L khaithéc,
vch hanh @ Vi' t NamnénNCS | achn Qt “ Nghiéh ou t t yng lam mat
chocanhphuncao apcvaling c¢_  t u a bvyon | i K@i nay, NQS mbniy
mu ncol - ng Hi- niitromdbai toan r aimhi tvalam méat canh tuabm a
NnCTBK tylallit'm ¢ L anogd tig€ng raitrong Hi quanVi t Nam



i.M,c L 2¢h hg®& phimvinghiénc uc alLudn an

*M, cL éh nghiénc u

Nghiéncu t d“@glam mat canh phun tuabin cao 4p (CPCA)c n CT B K
tauthy t he o p htrhém gac Bphun tvén mang phan ph Wihun khong
khi lam mat vao khuc c6 nhit | daontllv, i QUkin | Eng khHong khi lam
m§t  k hilnWgli qly/] baitod nayludhans d ngkthp mt h3'mh tr
nhi t trén nguy&n U canh vi mé hinh v T nig dhg.

* " " hg@a phtm vinghién ¢ u

n"i °mng@ghiénculaCPCAcallng cH.nDhRy c hlaDRTBK
th/Jh th 3 ¢ a hdng ZoryaMashproekt (Ukrainal32], thu ¢ h UGT 3000 c6 {i
congsil ntimct 2940 kW JhB3BTKBV)DEZGL12].n, n g DRFS
L-ng vangtch h” nb [iquangih Nanycéd $1l “®gl mnhiid

CPCAnN ¢ DRREEN3AN ngay sau bun g " t,[achi t/ chu nhit | ILn
nhHi, [am vi ¢ trong dong khi néng c6 nhi | ttung binh ti 1300K. CPCAnayl ‘&
lam matkid il | €u, L « ci, tuymhiéhgac prhaggnphap phi m i
ch td trung lam mat khu v ¢ ml ¢anh(Chi ti/} trénHinh 1.2). Khéngkhi [am
m8&t clyet I ngth cHbgabling tL L i, tiffu alpkutrén ca canh
phun v~™ Li v~ o bP irCact prdmpbi khhEh Ga pth ©mg pk h 2
m&t L ifnmludanh,ify qua khe gia mang phan phiv. ib ng(hdd | €ng)

t rc&hithodtragua c¢c8c khe ph2a Lu!'i c¢c8nh.

Phtm vi nghiencu galudh anlacacchl, "n ‘nth, trdtrupg L -
nghiencu’ ch]L, U'nhmcgca g mWQxuH ph<€ehng mt tng
mat choCPCA trong luh an NCSdp trungnghién cu HE. t r €©n gnhittr ao L
khuvec | €ng c¢ 8&8nh k ladongphunra@hanggphéan ghcva dpig
ngangt Lfucanhchyti . Qu § t rckemlkétft ' ry° nl ningdignh L
va mé hinh cdh th c.

[ T Ph€hng ph8p nghi *°n <c

Ph€hng ph§pc alghhan R he g anghiénculy thuy] va
nghién cuth ¢ nghim. Nghién cu ly thuyj L ‘&thchin tr ° mraydmg s
m?  h3 nhinti rchooCPCAGga ,ig ¢ h bBRANBYSCFX 'Wmb
ph ng, tinh todnphan b nhit _,lh s t r aonhilt t Ti° nhg@ghién cu
nhAnx § cnhtricfn  t £ mg d ‘© m nonf§ittinh toin cho canhltti/h
nhan L § n h u qiit 8 nhghg Bne€matCéac K} qul tinh toban mé phn g ~ ¢ €
kiwh ch ng thong qua cac di’ u th ¢ nghi m cho canh Mark Il, [a canh phun tiéu



chun do NASA cong b, ° £ MBiQu cdng trinh khoa ft [23], [65], [98], [106] IEy
I * m _clthamachi].

Victhcnghim Ulcghchinbtag ph<€hng, nghhtp, @hao L
Temperature Oscillation InfrRed ThermographyTOIRT) nhRm  x &nb phéin b
hstr aimhi ttréntQmHitbin L2 ¢ h t r 0 mggthgm i kémhaxmkhond
kh2 ph2a t rGakgqucen gmic §mghkhhg “I'd s€d n g WD
xudl  p h €Hntigh m&ng phén ph.

i i1 . n- ngalghap m

Luch & n L rgthand gongdmo hinh mé,phg  t* i nhid tréd nguyén
m¥ICPCAca nCTBKyt DR76hv "™ p hcaghimg dmhgspit t h
I, L'Wtinh toan hs t r aimhi Etrén mé hinh mang phan gmhiQu | cé xét ti
c[dong ngangdmc h cBovic QkuHigili p h § p nd lamnuat CP@A trén
L ng @abcabh b tri thém céac | phun trén mang phan phv. i théng s hinh
h ¢ ‘lc¥eachnphihp.

Ludh & n Qxlbkm tlcach tip och m i cho bai toan nghiénaw t riao L
nhittren CEA g ch t uabd my kKkthgd rkdthinh rguyén B
canh va mé hinhat T nig dig.

iv.h  ngh o a cvalhocdi nh

*Ynghoa khoa h

Luch  &nQtuHlva th ¢ hi n thanh cdng mmt cach tip ach m i cho bai toan
nghiencu t fial ttlr ° n CrPC Ac H t U & mg ki h R m& hink
nguyén m¥u canh va md hinhdr T nig dig cho phép nth  “lc ] qul tin cdy,
khdophc °‘lt€ k h- khtnWiknhanhthhirighimg thig &h t ualt
khithc,nill | = Qkiogacadti@ gUH.c.

Luch 8§ nunddpbec t r an hitodn@nmv@HoLl t 2 nHnhitr ao |
td bQmHutrong g al €n g trénBdHinhvd T ng dig,t r o ni@cdd’t - hfu
h/}cacthéng's[n h “mg@€ih s t r aimhit  rkiof@g cacht €h nigi al’
mang phan ph va blQmis " & @m matH/D, b & | t €h nig®/D s Reynold
¢ adong phuiRgvat s vdh t c dong phun/dong ngandR

*Ynghoatimnh

T £ n g ngda® mat canh phun cao &Rag cach Fi ti/h mang phan ph s
no©ng , tirecey, gfmthMd  n g u iy ras ke geéa nhit g i Ylpn ktnkgn g
s/b sang chih Hl'cho tau chiph, phohpyvi Qtkin khai Qkigcongy © L |
ngh t9 Vi’ t Nam



Luch &nco thws d, ng lam tai liu tham kfophcy cho qu§ r 3 nh
lYhc,audHcec ng " nh n€llc. kh2 L

vB” ¢, c c¢c_,a Ludn 8n
Ludn §n L€ cl3% . acm ghit hdi VW3t idpih nhl _ ¢, &
g°m nh_ng n,i. dung ch2nh sau

Ch€hn® NG QUAN VA VI N mNGHIENC U.Ch€hn gtrinh " y
b” ywo Mhica n CTBK, ytvasuckntthid} phiti/h hanh nghién.as t £ ng
c “@g lam mat ch€PCAn CT BK ty". u Cthh€h rphan tichcachi m ghap
t £ n'gng @n€mat cho canhtuabin t rong L - ph<€hncgnh@&n m’ 1
u W ivt@® i, phu hpyiCPCACS8c ph€hng pults mghimmg hi ° n
mé ph ng) va caadng trinh nghién aut £ n’gng Bnemat Bag mang phan ph
trén nguyén i canh va mé hinhdr T rig dilg. T céac phartich L -LHora v
LQnghién c u cho luh an

Ch€ehngu2:SLY THUYeT TRONG BAITOCN TRAIO n
NHI" T CHO CANH PHUN TUABINCh €hng n~ yc ht Ksthuyic & ~ y
m* h 3 n'hnhittiéa o pgl adongkhi va cantphuntuabinta g ph€hng p
CFDvac h' lysthuyft 2 nh Qbkig@biénlta m: h3nh n”"y. Ch
cung & ¢ § ¢ khoathc sho vic xdy dng md hinh et Trg dig v i cac
khu v ¢ ¢ a canh phun tuabin.

Ch€hn¥AYB:NG MD HCNH" INRIATOCH®CANH PHUN
TUABIN CAOAPNn. NG Cu .DRQI6®tdorirgngxay d ng2 md hinhtrao
I” inhi tc - tii cdy caa mo hinhnguyén i canhva mé hintvad T nig dig,
M6 hinhnguyén iUl ‘& xaydngniRm L €a r ahi p hud mg saHinhi t,
t L. t3m cdin kthtUmguancn@tva kh tr a LSumit gn§ h
cag | "m m&t cho di8if MphifBhdn gTng dhgchgyrtlh ¢
chokénh & khong khi phia trony ‘€n g, ¢ B X@hd ng bRag d th ¢ nghim
va md phng nfRm  x §nbh K t r & onhi it gi abQmHutrongl €n g vd § n h
dong khong khk hi ¢ - t &dongphun\&dongnganglt- L<€a ra pft
an mang phan phm icoh s t r aimhi kcaonhti

Ch€hnGliUPHAPTI NG “~QNG LAM MAT CANH PHUN
TUABIN CAO APn. NG Cu DFh7eh n drinfrbayycac K qul chinh
t hu ct Ka i m: h3nb t & or @pGlbEthitg 28 ng s
nhit° cac ch]l, nh3mn tim ra cao/ tri trén canhfnt £ n’gng &nr@méat nghién
c uln h " Mmg€acacthéng'shinnhc b & | t €©h ni&/D khdngcacht €hn g



I” i H/D) vathéng S k h 2ng (&, a dong phurRg va dong nganyR) t i h s trao
“inhitnhAn L €a r ahca@@mahgiphayphiv.i ti °u c¢dRr |~
S t r aionhi kcao nfii  ng d ng cac khujh ¢ § o W tarcif nrk/} dBli mang
phan phim i choCPCAL, n g DRF6vV ~ L § n lu qugti t&n ‘gng lanmEmat
ca ph<€ehng 8n m

Phfmt kl udn v™ h<€e ng ph8t tkr/itWng uc[, an gl
c u LYt L€ ¢, nh_ng L-ng g-p m i c¢c_,a |lu
nghi°n c¢c_u tiJ]lp theo.



CHUONG 1. T NG QUANV Vi N mNGHIENC U

1.1lnHic Li Wm c¢c_, a L, ng cw taabein kthFi At ut 4
méat canh phuntuabin cao ap

1.7.IMit sX Llc Li®m cva Ling ¢ twuabin Kk
nng c¢h ttauahyicoth\Nk Bhoan€it Lng ch h” "y kht
I ‘& thi} k/jchuyén bit , n - fyma®w, 'ln MEEH t r.€n g Cd BK
néi chung. S1 “@g, chng 1o n C TaB Ky trén th]gi i hi n nay la khéng
nhiQu, céng nghsfn xudl n C T B K y wXi laicortg Imghkho, ch m t s hang
trénth]gi isfnxud t h” nh ¢ @ gdc yéuFu§ Wdb lén tau, trong
L. NMKWJnh c¢8cg Lcah cc8 ¢ h«ng (Mg Kawgsaki Héavy i n
Industries (Nlat ) , MAN T uag), MitssubsieHegawy Industries (M), MTU
Friedr i chs h a)fPeti&\@trieyHCar(ad®, RollsRoyce (Anh), Saturn
(Nga), Solar Turbine (M), Vericor (M: - n_ c), ZoryaMashproekt (Ucraing)L31].
nCTBK tylamvicthr o Qoki nimt i * ngcoé@hit , dao hhn s
vi nlg ch mBowithay§c &na il nht®NaW.Bén& h L -
khéng khi m? i ° ng bMEch a nhiQu mu i va t chiinénd bamvao pfn | €u
thong va QmHucanh may nén, tuabinfic t§ r a "nh ks, n C T Bnkirong
khoang may kinl'iQu ki n thdo d, thay tfjcac ¢gmchityf kh- khtn tro
giannh h@®, dovy kitcligandplfi L Fin vg'i ticcdy ,I b@ caoMHb
duchiphitho @ nik8n CTBK tr °nn kt®m, 2ttuyt Gthldl °n ¢
I n hnhi@usoyil,ng ¢ h cogcéngsd, Holbitphfnnéngeca g c¢ h
(bGng tl v~ t uaWeénm)hang tiuUISD. Thdwdng trinh[131], trong
quatrinh hét  nlg tihcdyvatiith g¢a n CT B khu edh y/u vao canh
tuabin (hdb may nén) va tr, c, do ching lam vc  t r Qrkign hE $ ¢ khdo
nghit(nhit , dao,fi ¢cdi nh
T4Vit Nam Lts taw-Higuantrangbh L nglccos d ng
NCTBK mhge cch DRUGTDSDOO0OR), DR77/D8§F7 (L
c h J9D (UGT 15000)112], [113] do nha may ZorydMashproekt (Ukraina) tif
kflvachjttb[132]. C&a Ilc h mgy c ke, n&y nérth ap va may nén
cao apdthg d c tr ¢, bii n g "t dthg vanh" ng, tuabin ‘gm tuabin cao ap g,
tuabin thgd 4p 1 fngva tuabin chan'v3#n g Po-chiQi[114] (Hinh1.1).
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Trongsc8cng ch ng °mh DRI7@g|antHs gi vah
hanhthct]lnnill do n- L - ng whihtaht tnigd toth DR 7 «
thu ch UGT3000,hLng ch Ficoygst ntidchct 2940 kW (DR76)

'/ 3360 kW (DE 76)112], [114]. Hi n nay, c6 caa C T Baking di cong st v, i
Lng ch DR76 | i Ngd,3R300 GES Mt)[L29)

n-ng va,jngtrch Ih nthjLtho® nriyga °rihg cchh DR 7 ¢
hWisc Llag, tidu biM 1a cH]L khéng i, cV]L, 50%, 62,5%, 80%, 100% va
I'To chiQu[115], [116]., L © y/jLcth& hWlavt r 2t Gu khivdgnhién [l i
t r ° n Qbkhiwi. L i

1.1.2SX c¢t n tchiytg tléanmphomStuabin cao 4 i n gDRE6

nng ch DR96 dh'tht#ayinhit  ttungbinhsaubwm gt L
léentigfn 13 0 0 Knhitk hticb Bo-thNént i 1400K[115], nhit , A"y L «
Il n hht  ddmivicgavdli uch]tth canh tuabin nén canh phun va canh
cong tac tuabinfa thi ° & @m matCPCA(Hinh 1.2) 1a chi tif ¢ L”nh, khéng
chulc 1y t ©mmriga®say bum gt (bhi tU} 6 trénHinh1.1) tr ¢ ti/p
lamvic t r o n’'gng ddhg khi térnk@  rEicao.CPCAcungyibi' n g tI&
nh ngchitifconhit , daondl trong ndEgMoBKL & v i °n |
m§ t .ngthi, CRCAlachiti} twadanthipvaoklclicanddhhn ¢ §c
chit/ rotor nh€© c8§nhDa!lhg itkifadycal oCoP @pu dy ,
t £ n’gng l@n€mat 1d a ch nco tinh ki thi.

CPCAc a ,i'g c¢ h DdRamematiki@ il b3@phan phi (chi ti/}
4 - Hinh 1.2), tuy nhién cac | mang phan ph m i ch’ td trung lam méat khuv ¢
ml ¢anh(v tri 6 - Hinh 1.2). Khéngk h2 | “ mc Ih§ tlu" ng 8 ctp ¢ a
blng tL Li, pmjatdnch c¢8&nh phun v Li vVikhi. b° n
Cac | phan phikhi s£th i dong khi lam mét i ppfnm1 ¢anh(v tri 5- Hinh1.2),
chly qua khe gia mang phan phv, i b ng (hdb | €n gkhi thfi qu&céac khe
ph2a L @Hinhl2r[8l4].h

Theotaili u[132]L ng ch DR7Yi6 bfanltl®> nMg5 <1980 m 1 ¢
v, i cong suHl thi/t k/]3675 kW, nhit | ttung binh sau bun g "t & 1393K, tuy
nhiénkhibp | ° Mkéo daidbith ,nhit  daubun g tlgifmti hhn 100
cong sl gifm t i 25%.Tuy [neodng sttiso vithi/tk/b a Ffu Ln hi@g g
s g hot ngga  rg DRRAE ch]L LU'nhmcgiahai fn Yltu khéng
I ‘& phépv ‘@ qua 200 gi [116]. Qua trinh khai thac hi nay ch y/u khai thac



ch/JL, tli thep (20%:+-62,5% tay ga)T r o nQuki i g sang chih HLthi n nayv, |
tfnsitdhot  nyov ch quyhbvd [d ng” y & Ok ¥h dkigng
nh cah L nglc Tk ngigiahhdt  ng° caccH]l, tfi
bfotuith,  Bhga tuabi n lanmhu §o GHtEIK

J j NZ 1)
e %
Hinh 1.2. MHucdbtfng tuabin cao ap
17 Canh phun; 2 Canh cbng tac; B MHicdbthan canh phun; ¥ Mang phan
ph i; 57 MHuccbcanh cong tac; 6L, phuntrén mangphanph ph2a ml i
Béndh h Hk8n ®TBK n"0o (nCTBK d” " nlgndho m
maynhi tL'in) ¢l ng kil nmgg uy §adhc bgua §haycanh tuabin,
nhil A CPCA Theocong trinh[59] qué nhit va chay canh tuabin la nguyén nhan
| nth ba, chim6,87%tngs cacs ¢ ca n CTBK
Canhphun tuabin cao apd tiWo chay ¢c b (Hinh 1.3), hob toan b vai

canh IQy kQ(Hinh 1.4). Khi CPCAb chay € gay ra nhng h ng héc nghiémtmg
cac fng tuabin phia sauvacacekhaccadlng c¢ch. TheoybaBo c ¢
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An toan Giao thong Austrial[15], nlg ch Honeywagl [c2rdamByY 7 (L
bay RJ70) b s ¢ ngay 19/10/2009 do quéa nhi¢, ¢ b va chay nghiém’ting
CPCA(Hinh14) , s a u,yltac fng tudbin phia saHinh 1.5) d> JJL | g

¢ h. nglhdt  ng hoan toan.

T —

Hinh1.4. CPCALng c¢ch Ho Hinhl5 Tuarbg nc H Ho
LF507 b chay Vv tri 6 gi [15] LF507 b pha hy do chayCPCA[15]
Ch2nh v3 cHrmugCACAga n'GTBK n-ng OR®N g,
néi rieng(chi ti/t 12- Hinh1.1) gfnthif "k €t £ mglamcm@t. Vet £ n'gng ¢ €
lam mat €lam giim s khdo nghi t vQnhi t ma canh phun ghchiu, Q'ki nL i
cfn WE6 thwhang cao’'sgi hot ngca g "waecHll tfi c'angthi L
gimth\M nguy c¢ch c¢rg86ctuagbBinh v h

1.2.Cacbi ph&8p ttng c€ caghtdabinm m&ti " who ng t L
h™ s trao L i nhi t b3xng m ' ng phon ph’

1.21.C8c thtng sX L8nh gi &inhi Mu qud | " m m
H s lamméatdlathéngsc h[nbdil ‘&s dngWL8 nh ‘'ggus hi
| " m m8&tc w2 nh€t he@l)ph€hng tr3nh
q:Tg-Tave

T-T.

g c

(1.1)
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t r on g ilnhit ; ¢ adong khi néng dly qua caniK]; Tavel nhi t  tfung
binh ¢ a canhK]; Tc1 nhit | & a khéng khi lam m4K] .

H s dph thu cvaobi np h § p v 'ngkho€gkhi lanemat. Trong vic
lam maét canh tuabin, ngoai yéfuovQh s dc a o ¢ ,, s "I rib vahtin ely
trong sGt qua trinh lam vic, m ¢ | ' n g Qu Eao trén PmHucanh nfm gifm_ ng
siinhitvaquanhitgch, L j i | ¥gkhdngkhilam matph ° hgekn
khéng khi lam matcé € dn nh .

Ngoaih s d mttrongnhngthdngst r ung °aqiga dsed hge\w
L§nh "gqud “htmi m§t cdogugr@tddthil ' st aimhit
h [W/(n?K)] gi. a dong khi va @mHucanh héb thong s khong th nguyén Nusselt
(ViJ} tablaNu), chung lién hv, i nhau bi ph€hng tr3nh:

hL

NU:T (12)

t ronlgi kl2.cchc tth @ r_€n gt ¢ h 3 nnhi t[im]; & & sLd¥ nhit

¢ achil khi [W/(mK)]. Theotai Ii u[108], Nuph thucrdl n v Foo tlr'i€ng r
¢ a dong khi chuyd g sat mHuthanh vach  n’-c thiWen théng qua’s
Reynold:

uL
Re=— 13
p (1.3)

t r ongivehtcgadongkhim/s;LT k2 chc tth@ r €Bigl, hhm] ;
L, ng h ¢ ¢ a ctdi khi [m?/s].

12.22S . | 1 ¢ wh8p8d tmhigMre_ yng | " m m8t c8nt

Nh€ L « { phnnrh LFil é6gachbi n phaplW £ n°gng Bremat,
gifm nhit | ttén canh tuabifd7], [122]:

- T ngnghht arat bQmtbbéntrongca ¢ &nh Li v o d
lam m§t ( Agkchéilg” haPS t" inhia “ill F Ik@arnal Cooling);

- Hhchldongnhitt d . ng k h2  ®@mrbngoails & canh (Eaterial
Cooling);

- Gilmnhit | ddng khong khi lam mat..

Cécp h ‘©h n gthV§ re: trinh bay trong e 1.2.2.%1.2.2.3va1.2.3

5

1.221Bi Mn tgm®p | _ 1t ng nhi Mt tYa ra tp bZzZ r
Bi nphapnayth cchll | = ° hotchdlg " heg® t'irdia "L | @u g
bQmHubén trongca ¢ § nrig d4 Khd&g khi bén trong canh) vdong khéng khi
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lamméati®a g c § c hs tt reénigghi tthhokb t £ nmgt d ¢'linhitrCam L
nghiéncutrénth]gi i L «acéamhéomp h€hng §&§n Wch A Bl hadgea u L
t raimhit il [184
-TEngrital pbhiénbgcath t hiaiyh chil ¢ a blQmHbkim lod,
bao gm: h th ng gan ngang dong, « n hg diin ttb I ¢ xody,hi u_ ng voi T ng
b3ag cac 16m £u;
-TEngrivadin t 2 c’Hnhitgawandong khe v ih th ng
ma tidh c t;
-Tha'yi thgt . Img@bng khiBag cach’ i . img@ong trong khe &
hotb b3ag tin pHng;
-T L non gl nrti bRgg cachli i dong khong khi lam mat tmang phan
ph i ( L &trinh bay ¢ thwirong m ¢ 1.2.3.
L pbiénco thd' ntd* dchgcHy tfng hdbcHyri , nh€enlgrithiz | ~
| p gfn thanh vach rifil (I, p tuy tinh ph) v lubnT n td° dthg cHy tfng. Khi| p
chly tfng cang day hu qu't r aimhi tcang thgp, doxdy n h - m &pth @Hhkin g
- bao gm gan ngang don(Hinh1.6),  r “«ng ti n (Hinh1.7), I6m du -c6 nhim
v, phav dthgchly tfngg al p bién chuyd sang hgchlyri v ™ ‘mignd c¢ €
r i, gilm thiwl chiQu day | p tuy tinh ph.

e
* e

V_I'Di)ng 16i
R ™ T
‘:h1eu$ca$/l \\w g x&l‘y‘ A? Suwon roi
77 /
} Bude {T}lénhvéch &
Hinh1.6. M6 hinh dong cfy r i qua cadc  Hinh1.7. R « mghdi nit!b xoay
gan ngang donp#7] I" ¢ [8]

Ph€hng §&n g©n W ¢ aggthrdaionhgth Bn 2,7t "il
Vi g ©ng, I3Rn€ il idthg gan §iti/n[47],[139]. R « mghdinl ‘Lc&p
d ngchocanhthh 4vas5,cotit £ ng I, K 8 lag matdt £ n §,25t
t i1,5Fn° L'nhcanh,ti1,6 Ffn° chan canh, c6 igifm nhi t | ttén PmHucanh
t i90+100K,gfm | €omg !l leht ng Kk h2fnJ124pP hm@&Hn g ifin ,13» |
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& ngdn gW Lt n"gng lai €qu't r & imhi Ebién dhg cnh, chan canh kéo
d"i v’ v nh Lai c8nhhpaplcotd t &ct tth gdbH 0 c ¢
lént i 3,4 Fn[124].
Nh€ WhlnntHica c¢c §c doh©hnligéignghgi a ctng t ¢
" i ph ¢ tt, &n gia céng chinh xac cac gadinh, 16m §uk 2 ¢ h ¢ rh htréhg
khong gian nhhG (mHubéntrongca ¢ § n h  Holu dtrbrig nh)ng carih tuabin
caodpca g ch Hnhnongngshiscdn tr hig L ©u_ addng ng «c
khtng kh2 | "m m8§W cing ttng | °n L8&8ng Kk
Kénh o kil matehct ° & €d ng trong cac khe@® (Hinh 1.8,a) niRn
tlb ra [ ¢ xody xung quanh cactgngoairadin  t 2 c'hinhittr acol nlg t £t ng
nhiu. Ph<€ehng ngn ¢eedyg dchdikBuve Luli ¢ #Hmh t uas
1.8b),n6cOkRn £t ng trq gt fedd 18t i 2+4 Fn so v i bQmHuphg.

< <, =
. ﬁ S

Hinh 1.8. Lam mat ki ma teh ¢ t
a- M6 hinh kénh & ki ma teh ¢ t[119];
b-canh phun E3 sd ngmatrdhgt” L ut i [1066§ n h

._._H \\’/

a, b,
Hinh1.9. Tt mg d“@nhidbdgbin phHEph® d_tngt L
ai 'i . Img@long qua kheGp[124], bi ' i _ img@long quakin phng [47]
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Vic il .m€ tigtdongquakhe® trhge ¢ @ dng ml ¢anh
(Hinh1.9,a) con brag i pian g~ ¢ @y d ng’ khuv ¢ "nb, chanca b ng hdb
| €ng HMdhHb).Vic il . n€ thigttbralcquan tinhly tam, tl -
xudlhin d, ng xorSgal pbinfdg. L OQpday phiénvalptuyh
tinhph ¢ al pbiéngim L’'is, t rhaimhitht tng | Wn L&§ng K
Sovi phémamgphanphi  khi ¢ g khong Kaulaml @t
p h €tamlgi . hg@ong qua khe® khong hiugqu'ba g n h €ndngthi s
phn g LYhns tlr aimhit c ao -1,B7AFN[124]Z%y nhiéncap h €hn g
ann’ y " ngagdng khuv cmi éanh héb' khuv ¢ ‘nbivachancan® h €hn g
ans d ng mang phan ph ° & t8nh bayg, thWrong m ¢ 1.2.3

1.222Bi Mn hgm8xhA d, ng nht Wiz tmd td ,nrgep "k h ¢
nWhth chjdong nhitt d ., ng k h2 rmhkblgdn ngoai ca caco b
cacp h €tamcghln B ph | pvd li u cad nhi t (ph g m bQmH) hotb ttb mang
khéng khi bén ngoai®@mtucanh (lam matMi mangi f i | m cool i ng) ,
lai 1a cong ngh lam maét kM thein X p (xuyénthBl- transpiration cooling)Trong
ni dung nQcsp JREDAGMEH pH. g m bQmH
Lammatkid m” ng | ~ ‘Yopam@ tang kh@g khitpmg cHy b ¢
trén lQmHbcanh nBm gfm dong nhit  L'i v " @& 1 va®-mHmh1(10,0 L -
gilm gradient nhit, ng s nhi t trén canh. Do c6 hih *~ ingéhoa trn | p khéng
khiv idong chinhnénnhi  d¢alp m" ngfnt W gl a8 dnbugnhit
I, dong khi néng, hs lam méatca | p mang o v bi/h thién theo vtri va cé xu
h ehggimdrn, ofnb trim ts hang] th i khong khi lam mat tbén trong canh.
Nh3n d ‘Qn p khong khi tréen®mHucanh mts k/jchlcanhmi "B «©tH n h €
| hinh foqu& [20], [21], [66], | nekomimi, ¢p | [60], | c6 khoét ming[32], [111].
T Te

ra
v

7 AL

Khong khi lam mat
Hinh1.10.Phanbnhit . ¢.a  Hinh1.11 Canh ding cong ngham mat
dong khisat@mHuc a p h €l xuyén thah qua mang »p [137]
phap &m mat K mang[130] 17 mang x p; 21 khung canh
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Lam mat kM xuyénthih | © p h€hng n8%hi U gupc anmo§ th Hhni
nhi@sov.i c¢c&8c phWwehib gl €w W ¥Ulh gWM% aung h s lam
matp h©hn g § BHlchxchny °l meng khibn@ khi Bag 50% so vi dthg mang
[137. Ph€hngddmnc neEendk@hk h! nmggQ kQmang khong
khi trén lQmHucanhg a p h<€hng &SMmangdm Wb c B n@ ‘Ice
blov .

nWib 1 ‘e hilueng xuyéntiiidfnconhbng ph€hng &m<€c? n
transply, lamoy hotb vd li" u X p (poroform)[43]. Hi nnay, v li uxX p ‘lcehg
dngnhiy hRwittbc r &ngQitnhH Kjctica c8&nHn LinWhgi
tbravd li ucotinhchlx pcétWepcanwt li u” dchgbt ,  xbhguahcéc
daykimldd t hi,dthgld x&..[137]. Vdliudhgxp n g H®&bap L
b ¢ khung ¢a canh Hinh 1.11), khéng khi cRy gi. a cac khung canh ir thbin ra
ngoai qualpvdliuXxp. noO©y |~ " KHE@hdg L&mghitrong
nghién cu d vQmo hinh trugh nhi t[123] X i  €©u[126].- a

1.223Gid m nhi Mt Li d,ng khtng kh2 | " m m§
Gilmnhit  dong khong khi lam mat coWh ~ m t £ Wi uly§ lang Kk
mat canh tuabirkhi nhit = dong khong khi lam matgn L i <30DK 6Ghi t L
trén canh dim t i 100:150K [110]. nWgilm nhit | dong khéng khi lam mat c6
c8c pan€hm@:s d ngb lam mattrung giarphun i€ ¢ vao dong khong
khilammathebs dng hki n<€
Khi p h u ncwvaoalong khéng khi lam méb nhit = daotrong bl ng hoa
tr n,ngaykptc d, ncd bm@ h Bith nhi't “thg@ L -, nh p khoéng
kh2 v cdbhhit miBn Li \WHBeogongkirinn4l], phuong ©€
cokhil “@gbg 1% sovi | “@g khdngkhilam manhit . W nh p gifm
t i3,5%
Gifmnhit  khongkhi®a g k ®t  m§ &nhilugu, phh tRuhcrvap
méi chHl tfn nhi t c6 thMa khéng khi i | ngm@ bWt (Wi n C T Btiu
th y ) ,. ¢ ng€hotb nhién liu ma ta cé két mattdg khong khi khéng khi héb
khong khii chill, ng. H th' ng két matkhéng khiik ht ng Kkz2ngdng L€
tréncaclél  nlg harig khong; a Ng a -31R BIS0A,IPS90A2Theocdng
trinh[133],[134] 'n g t’ in&id dig 6 van vi gan khukh tan thay chong tron
t r hn étmardhg kkong khii khong khica  r'g c-BiFlannhit  ¢6
thwgifmt i 200K. Theocong trinh[33] v. i b, tfn nhi t nhién li ui khéng khj khi
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t s nhién li u/ khdng khi Bag 0,025,'t ' khdng khi 1am mét 6% thi co\tiyilm
nhi t . Khong khi lam mat i 260K.
Nh- m ph@yihmgtdd hs nh€ Whbau:

-Phernmhuncih@ingdn _rcedtinhkhilhotb rec€huyén
d. ng, khi c6 tp chil stlb ra cac Ip dh bam trén cac@mrb  t ri ahdt, hlh i
n€& clng Jlc’ rlnttm gicténhauabin;

_Gi[mnhi t _ khong khi ag két mat khong gay @i t_Sgph Lt i b
thng c &nhhi/fbnthr@riathit ¢ - kedlah t he

-Sdng hki ma@'g Wilic€dhai panh.ng

123Hi Mu ong ttng c¢c_yng trao LYi nhi Mt c¢
Trongcachbin ph&p ntgbng ntc@s§t, phehic@hitn m"

qurrdrttrongvic t Emgh € ©r abpnhilt ¢ cb khdng thua kém cac

ph€hng §&ngtkkis8dnthylc trhg L€u thing khtn

nhii[85]. N ng hé&edng cho ¢ §nh Yyrutdncanb Eéngg c -

tac. Mang phan ph phun dong khéng khi 1am matitnh n g n Hiinhi ¢ cao, t

t r onml ¢hnh Hinh1.12) la mttrong nhn g n hrg gb mHEE[47]. Hi n

nay c6 nh@ canh c6,l phunt mang phanphi _Ing@aopfn | €©n ggcénh b

gitp cho canh cé thhot | niy trong dong khi co nhi | i 1400°C [104].

L6 phun khong khi lam mat
NI 4 E ;

, i Mang phan phoi
Khong khi lam mat
b
Hinh1.12. C§& n h ’tclam mmat Bag hady phan ph
al canh phurj138]; b canh coéng taf47]

Dau ra khong khi 1am mat
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Blnchlivdlygahiu ng t Emg ti@hiad mahg pan phil€c

nghién cuthdng quamé hinh vt T g dig. M6 hinh wt Iy ttb ra cac dong khi
t mang phan ph phun vacbQmHutbin L 2Hinh 1.184), " L' ©dong phun chia
thanh4 vung[64]:

-Vung 1 1a vangdi, kéo dait mi ng| phu n/hL'nb ¢alditiQn n K& g
tiQn nt n dntlungtambadongchy t r o éhd c L k h Vi magirad veh
t" ¢ t4 mi ngphun)

-Vuong 2 la vangkhwEh tandong clfy  ‘wr@kh iL'nh¢alditign ntng. N
Le R t renguydimvhfcdctamv ™ tdfhag tvh ex@ngdng
n“iv il phuntron,vhfcdct@mt I nghcht | khoflng ¢ & ¢ hngkihhi a L -
|, phunD;

-Ving 3 laving dng,v ® c diftel sh khi _hg@@mvab[n h * ige
mthhbis hi nding athanh vach. Khi dong Einti/p odh thanh vach, thanh ph
vah f ¢ d ¢ tdm gfm mthhva chuy thanh thanh gim vah f ¢ n3n ngang

-Vung 4 la ving dong khicadat cd ctam gn  nbhtt tiéu, con vh t ¢
nn ngarcg clo® Jph+€t Bhuvhgoo invagilmh dmekhil i x a
kh itam| .

~

Nu . s g , ‘A 5 ik
Tam ving dimg_  Lép bién chay roi

.70

WL LD
Thanh vach
Lopbién  Ving Lop tuyen tinh
chay tang  chuyén tiép chay tang
a b

Hinh 1.13. M6 hinh va & tric tia phun.t mang phan phi [64]
ai mo hinh & tric dong khi phunrat, L hni;phdan b Nu" mé hinh| L h n
D1 L g kinh | phun,H1 kholng cach_t |, phuntibQmtbtbin L 2 ¢ h
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. vungdngvalanen n - ng- nriticag, ) p bién la dong dy tfng,
khi | an x dyshchup shngrdgng d@iylri,gia hahi rroythec - L
chuyd ti/p (Hinh 1.13b) . " i vni md hinh nh@u | phun, cac ving phéat Wi theo
chi ngangt mil, s€c - t €©h n ghau, t8ycthew kHing cach gia cac |
phun ma&8cohdb kh!'!ng c- L "nigi apdng chy t( waivdia ghunt r
cthh nhau) Hinh 1.14).

| L6 phun =D 1.3 phun
m’ L I”iH//// pIITILs
:! : "’T“ - Lop truot
uw . J,iuml‘« Lo1 phun
II | |
:HW - / 1{* l l,uu“ Bién cua dong phun
" Paiphun g

! . /4
W CEITEELIITISIITENIII) IS OIIFIIIEINIIS

Ving dimg Piém dimng tice thoi
Hinh 1.14. CHli tric dong mé hinh nhiu | phun[93]
Do ol Vihdongcliy n h € t'rse°tmr amothint (thwhi n qua s Nu)
[Ycc YL vingdn g, s dm dfrl - k Nyfi kh[b sat cach xa tam | Theo
cong trin47]h s t r aimhit ¢ - Wheecitr: ti. nhAl® vangdngr / DOO , 5
( dong. n'ticng);th hai v trir/D&1,75(do hi u_ ng chuyM ti/p chy tFng-
chly r i) (Hinh 1.13b). Khi H/D cang nh ¢ § dwh ¢ ¢ tr nay cang d nhch ra[47].
Cac mang phanph c¢ - kcchmhhckhdcghhau,Hd nlg t rQong L
ki nnhit  \&tinh clti dong méi chil ri khac nhau néNut h reg ° ¢s€d ng
I'Ws0 sanh hiu qu gi acac mangphanphty . Tr oglgpnayNeEe p h €hn g
tinh(1.2) L ‘& ¢ thwhéalag p h€h@4: tr 3 nh
hD

Nu:T (1.4)

Trondlah s:t r ainhi Lgi a dong moi cliva QmHuten L 22¢&th s
d* nhi t ¢ a moi chdl

uT

B
h= 9 = N (15)
TW- Tf Tw -Tf

T 5. , . .- F3
Tr on guﬁll gradient nhit | \{udng goc vi bQmkHutbin - L 2T Rt nhit | L

td Wb khlo sat va nhit | moi chdl’ Lfu dong.
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nk  t 2 n'hnhi trg @ mandg phan ph (Nu) ph thu ¢ vao théng'svd
Iy ¢, a dong moi cHi, bén éh h L - | ¢hy avagmts thong § ' ng dhg
khébngth nguy ° n [DOA€ s au
- H/Dit I gi akhdng cach gia mang phan ptiv. i bQmtutiin L' 2 ‘crig/ L €
kinhl phun cgilid@akhdng c §c hi(Hi@hI8gink1.15);
- r/Divtr 2 ti&dnwn im tia phun;
- Rgi h s Reynoldc atia phun, tc laRg=uD/3;
- S/Di b €| t €©h nig mahg phan pH nhiQu | ;
- VRit s vdht c dong phuny va dong ngangc: VR=uU/Ucr (Hinh 1.15).

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

Hinh 1.15. M6 hinh mang phan phva dong ngang
Céc K} qur f ng R p trong[47] va[104] cho ths khi H/D cang nh vaRg
canglnthiNuc " n g ‘dwiacanh toabinl *angkinh] p h u n ngh &8}
k/Jtrong khdng D=0,2+2 mm con trong cac ng ¢ ng céng nghip khac né cohw
t 1 5+30 mm[104].

1.3.C8c ph€ehng ph8p nghi °n c¢c_u

Khi nghién cu v@Qt £ n°gng l&n€maét canh tuabirfbg mang phan ph, cac
tac g cé tihghién c u trén nguyén i canh heb trén md hinh & ly " ng dhg
I ‘& L HmhogViQnguyén &b, nghiéncu t £ mg ¢ ©nhid big mang
phan phico thtWs d ng p h€h n g nghim8a ma phng ly thuy}. Tuy
nhién, vic th ¢ nghi m trén nguyén B carh i k h - Il & tcong, piimn Vi
phong thinghmga c8og¥H T clatrénnguyéndu c §ntgst h €
dng ph<ehng ,pghy&huyl Miighirncu qu § t rihhnt68]t r a o
[69], [70], [106], [136].

M6 hinhvd  Tnig diig lamé hinhdildo t €hng Hehtnigc g c
hc,k h2ngl v ™ inhirt&ém cabh hebm tving nidl "nli¢ a canh, gitp tim
hiWi bln chElva Iy, cac quy et t rirhiot. VEd s ph thucgah s t r aio L
nhi t vao cac théng'shinhhc v °  nig hé cat i qu nay €L ‘& ap dng
n g €I4 nguyén mx canh
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1.31Ph_ _ng ph8&8p mtpRA¥ngguly°nhmy Nt c8nh

Th i gi . a@n LtoryWinhtoantgh L Yan g  nbitt €©8n cabh Bag
cachs d ngnhit  ddongkhivéh s t r aimhi £l " Qkiin f v o, tror
h str ainhiklahambanthcnghiml'iv it ngl h HE t r_ ®ocagh c
chingch a nhiu h s kinh nghim [64], [121. Ph€hng @h&&p mt Qyh 3 nh
bai toan & nhi ttrong canh,conflt nd ®hi ( m* h3imMtgt addry L
khivalOmts c§nh | ° rhit & Fefn &Hpink@nhn § hi b chinh, §
d ngnhiugifthy} ¢ h€ath stgt cvh€d tt28mgh ‘tig €nhit L
bQmHulén|, p bién)[121]. K/} qu tinhtcdn¢a p h€hn g ¢ p hcBimh xat”™ y
khéng cao va dody cang ngay cang t ~ ¢l @ ng.

Hinnaychy/us dng CWkaydlhg ra m! inHtliénhpr ao
cho canh tuabiichi ti/f trong mc 2.1),thdngS L ngl chc | ®uh < thao
I” i nhi tva nhit  thanh vach_ca canh khéng dhla théng s Lfu vaoma la K}
qul'tinh todn quacacvongd . Chmiftr Et#pt h ph€©hng t r3 nh
Stokes v poh@hongn’ naittdmgdhi tdbFcanh) cho tng pHnt .
no©y |~ ph@hHlg  qdh@sng phhbi/h hi n nay, kb phc  ’Lc #Fn
In Nnh®higa ph<€ehng. phgp tr°n

BlnchtHiga ph<€hng p HiSpp hCEHDN g "t Piokeds Bajavi e
phFn mQn may tinh chotng ki k h 't n'gc chiamf“ déh@pHnt h u hh,
thWtich h u hth ha-b sai phan hu hth. Cac mé hinh mé pim g tHarh cong trong
vic Lealo&n d®ihsbr aimhit vingwrf€Nhng kh- kht
trongvicd Lo &§n chéndvalk €t r ainhi tch y/u xud phatt mo
hinhrivas t ©hn g a tag dongdfy r i v. i thanh vach. Trongua trinh mo
phngdongchlyblag CFIDhg$ H®g c&§c ph<€ehng ph&p R
Averaged Navier Stokes), DN®ifect Numerical Simulation LES (arge Eddy
Simulation). Ngodi raconco nts ph<€hng Jmp&mhke | ai DNS
MILES, LNS), lién K} xoay (DES), m6 hinh Reynadkhong n "nb (URANS,
VLES)[109].

RANS $ d ngmd hinhri , tr ondy gt If Gacmoilchl ‘&
biwi di nd @ dthg t ng ¢ athanh plin trung binh va thanh phri,h p h€hn g
trinh NavierS t o k ‘ecsgili the® cac thong svd Iy trung binh t ng kh i hotb
t n g WH. Khac yvi RANS, DNS khoéng'sd ng mé hinh i c8c phehn
Navier- St o k' e gilLteecti/p bfagp h €hngs .p m8ipn "y c - nghao:
b, phm vi quy md khéng gian va thgian ¢ a nhj u loth pHi  ° & #&h toan. Hi
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cfc§c thang L anhkuiothpiji Qb gfiguyt t r_ otinigtodh,€

t c8c t halfphtanlhjpnhlichtudh Lt hang Lno, gluiy®/jwodg u a n
chuyw Mng <¢ng Lnitmg UES QKkuB v Fuo nltm ‘1963
Smagorinsky, W olgquyméln dd®agln)aladong chy r i
Leglitr ct/p nh<€ DNRNBcchuyd cih’ quy md nh (subgridscale
model-SGS) cL®! h3nh h-a nh€ hGEN®Bancal&S L - |
gilm WHnhiQsoyi DNS,h2nth x8c cao hhn ph<€hng

L nchapdnln nt'mgrivabl t r €rfghlchoya g va phatrn

rri. Hhapcandongt hang, cL-o xqthg™m®B .M Vngniil h hn
cacdong t h a n gn, néromdlhinh héa cac cily, iggaSGS8d d " ng h hn
sovimé hinhhoatiicfc §c t hangtlLom:t hédém$p mh+<€ tron
RANS. Cac bai toan @tra o” i thi t mang phan pi ¢ hWAp d ng h ng rai
ph€hng ph§8p  iBNSngdigu mytinh. Hh nay, _fMg«cdng - nt
t r3nk35,A98e dng LWBHhtdgan, md pm g t' i rhiot ¢ # mang

phan phi tuy nhién vea L i téi nguyén may tinh khongdmh .

V. itai nguyén may thhincG RANSwWa | © ph<€hogdpgh §p |
ph bi/n nrH[104],t r ong moébirhrinhinh€©ng khlng c¢- |
©u difcfocact TM@hp. C8c mé bhnh t® nh 3Unh-m
S , nhém dch chuyw_ ng suH Reynolds, nhém vi phan. Nhém m6 hinh timhsl  Y( L
s )ch cho kT qul L4 yéu du v i cac dong cfy L Hm Nhgrin mo hinh th hai
(dch chuyd ng sl Reynold) 2 t ° ckshd ng Khiggii cac bai toan cé bién
dthg bén trong phc t, b i vi né mé § khéng tt quéa trinh chy gfn thanh. Hin
nay, nhom mé hinh vi phan{kk-¥ , -0k S S Tpt cé Jlc Bpan thin, phat
trivi v " c diingph bi/n  h R[HO9]c

Taili u[104], [105]L « ngtkf cHc t L @mys m? h 3 fdkhic h b
gi[i bai toan md phng truyi nhits d ng mangphanph . Trong L -, n
VA LES (K} qu c -, chHinhxaccanrd n h €nigai ngyyén mAy tinh h) thi
RANS v imé hinhri SSTvavflacho K} qu kh[quannii t rong khi k
h itai nguyén may tinh qua cgp04l. M ts ¢t ng t (7} [@HL «@ hgihg p h
IYm ts th nghimbagcacmdéhinhi  kh&§&c nhapudv 't €héag rta

T caclydotrénldhanlachns d ngm® h 3 n'lnhitfiéalo p dii
bag CFDv.i p h €h n[gRANS & mo lgirih'ri SST.
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1.32Ph_ _ngngh&pn cou b’ ng m* h3nh vot |1
M6 hinhvd  TngdH g * &nghiéncu hotbbdag ph€hng mh&p |
ly thuy/} CFDc6 kivsh ch ng BRag th c nghim  n [F0B[72], [86] hotbb=agth ¢
nghi m [6], [26], [37], cl ngQ cong tinh Kt h p md phng va thc
nghi m[72], [86], [106]. K/t qu['t h u ctté®md hinhd TnhgdHglah s trao
" inhit { rigbM&dj nthdng qua’sNusselt), |a mt trong nh ng théng s trung
ganquantn g, clL @ ¢ nlh g guslamimiat cho canh tuabin, Bhla
c § n h t ‘ucdamimat Bagy ®ang phan ph (chi ti/p* m, c1.2.9).
Cacveh Qta ph<€hng ph§p hGErehs.1ledQudy. Vite
th cnghimx § cnhii s t r dionhitg amé hinhadt Trgdi g ° hgse
dng ba phhply€iphgtpp'hsph thechthi gian, nhit | ki/h
thiéntheothi gi an ngnhitd ab8 c p h €hngnghprh §m” "yt hl €
trinh bay trong mc 1.3.2.%1.3.2.3

1.321Ph_ _ng ph8&p nhi Mt Li Yn LNnh theo t
Nguyénlyca ph<€hng @ah&p onpyhg@db)ng ttrrédmdq L -
thdng § t h 1 n g nhit@, nhit  BOMHT. L & coi la IRag $ theo thi gian.
Thtngngtedé®g mt thn gia nhit W&y nong &in L2 ¢ h, “islmg L -
khong ki co nhit | thEh h hnQmHitilm B2 c h v~ ¢ B owh tiéh iQ
mibVic L o Wh§én mkbco thdung cameranhi (1 R Calfler a)
hotb thin ch th mau (TLC) K} h p v i camera k thud s LWeh, p [nh mau[26],
[83],[86], .tcr € © Wimg dmtb#fh nhit . (bi nnayitdangvich o ~ & €
rdl ) UfRR)2). P h€©hng p bhihpxadncaoy ngayén lyltinh toan,
X lys liu L HmnE)i Nh€eng Hkphilackihdapcadsn L2 §ih ph
riim ng (khi $ d ng IR camera va TLC LWe6 thAcoi nhit | Hai bkQmHubRag
nhaungthitigdn "Haduytritihgianhit ¢ -ngcddngkicao(n h hn
50A[72], c¢- khi83phn 100A

1.322Ph_ _ng ph8p nhi Mt Li di Kn biAn theo
nWolh kh- khtn /Jhi ¢gmnhjtu atnr dng pmaisng pt

tacgls d ng ph<€hn gt  pihrgbph thredrthi gian (Thetransient liquid

crystal thermography technique P h€©hng ‘pchx&@p ngt pyheh@g tr 3

can Bag nhit ~ hg®i anhit ° hg@s vao, nhit ~ hgmt £ n gt  ntmdinh

vach vanhit * hg@®a " il i dong khdng khi thirat mang phan ph (c6 thaeo

thémnhit “h @ t ivaio ni% hg).t r €
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Ph€hn g2spdir§ tbinch th mauTLC va camer&: thud s LWhiw
th va ghi ki di nbihnhit  theo thi gian[9], [10], [75], [102], [L06]. VQnguyén
tcdb c6 thathay th]tbin TLC va camer&: thud S b2ag cameranhi t, tuy nhién thc
tt r ong ph<€hn gailghip  d4i"axic vis, gi a cac thi Wh ia
nh, t hitopgthigian ngh nénl | jicfhcoldd cameranhitcofc L §p
_ng cao va sai snh .
Kh- khal I " ipbfpmQnh Enhit . L [nhchp ¢ chinb
xaccao,fnxaydng v~ cal i @i hG kaskhdgg tufpotinhc(thonglqua
hs Huet I c@ g, shggia c8c,, mxwanlh | § a«®&Ww)y  Lxa
rngdi La TL CngtHh I, C hdb 10°C, cao nkiicé thAL't 20°C [101].

1323Ph_ _ng ph8p dao Ling nhiMt Li (ph__

Wandel t vQxuHRomh €terd g Llnghhgtp, (khaTemderature
Oscillation InfraRed ThermographyTOIRT) LW 0" sht r aimhiEl'i | €u d
vaod li uduy nidilanhit _ £h " nh v3gacdmerd oht (R cameraf97].
T L tr phagianhit BOmHbthain kim oY so v i xungngli nnhit _og® ¢
ckth v ong tch¥eng L~ n Whiatbédn gpd s } r @ inhi £ Nguyén
lyca ph<€ehng pchr@tpbaytrong md38.2.1

Theocéng trinh[37],[97]p h€hng ph&p TGAURTVKbgd me ¢
I nginnhit , kh? nrgdrnhiit phéin b 'n g Qi rén Qmiutiin  ( n h €
ph€hng phégpiilnfnsdk0,01>02HEZ) n°n kiteng L, i
chp cao (nhe phrgithig phmhedm g2 )p.h 8, isndyg kht
tihkimlodm ng(tivaichcem n h€ p h€h Hgthnkingcpuyéh jing h o
(nh€ ph€hng ph®ing) ,n adhb Anmebcdgark d, ranh.

Kh- kahtph&hng ph'&gnhchprdl ntrongmtifn L o,
trung binhn  L=6chBI8 X lys liut v~ i tofrhf®7],b L jth igian
va tai nguyén may tinhh . “nathi , chinh xaccathut t o8 nhxtBc L
phaquyl nhiti , dhinhxaccakquh st r aimhitb,gfn c¢- ph<€hng
' ngb th igiancalnhchpvanginbh cxdBénéh h cll-nfg & &fcth il
giantr nhitgachinhnfn t h©n L~ n Wang | 16031860mg[37kv-i  tLh n
cong st 50:150W hd-bt i 229 ms khicag st L~ n [8F,(88].W

Ph€hng ph § gFr@udd3R dghi&n€u phat tid, hoan thin trong
luch &n luh an tih  saomind. Ngoai cac thnghi m ch ng minh, tac dill « _ ct h
hi nphantichlythuf v hhylca ph<€hng phtagmy ono iy khi | u
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ngl n b ¢ xYcé chu IBdthg hinh vubng thiBqursSc h2 nh x8c hhn h
vi c “rg b th igian ¢ asong hinhvudngdh chin h hn. [3H.rednyd

TOI RW 2Inh t oi%m tgi & ddrmg kHI cfiy trong” ng, dong chy trén Q
mHphpg c6 g r€dong, B In€ s - ng, Vv~ L« "h-s ttr2édnch It o
nhi t khi cho dong khithit m t" ng vao IQmHukim loY. Ngoai ra, Solnar va oig
sclnglngg phehn d87]p[88EYAghiehquvQlto t r €niqhit r a o
khi chaocadlynmt mgEécanhkhacnhau®h t hayrdil bfan L

¢ a dong Tu) vao ®mkukim lod.

14C cing tr®nh nghi®°®n c¢c.u |Ii°n quan Vv’
1.41.C8c h_ang nghi°n cou v"™ ¢8c c¢cltng tr3

1.4.1.1.Caccongtrinhnghi °n cou tr°n nguy®°n m, u ¢c§&
n“ivinguyénmiu c¢c 8nh t u amhginghiérccu thig kW]lthver,

phanb, "~ hg&inhcal phun saolUha@lllemms§t cao hhn

thong quahs lam matdhotbh s t r aimhith) nh€ ¢ §d68Jc[B9%hn g ¢t r

[70], [106], [136].
Trong ¢ m cong trinh[68], [69] cac tdc gis d ng ANSYSF | u emMmd L

ph ng tithg thai nhitg a C P C A lartl 4t Bag mang phanphv.i | “@g | €

khong khige = 2,3% mang phan ph nay ch c¢6 cac | phuntikhuv ¢ nchnih.

congtrinh[68] i x®y m! h *imhi tvh phanatickd’ sai khacg a ki}

qul v, i chiQu d " iysat bi&@khac nhaull 8 n hquayt),8 sau L- t3Im r

v ctréncanhconhi  d¢ao. Tip L - ¢ [@9]phan tich sshil ch vQtrthg

thai nhi t ¢ a 10 canh phun trén vanarh v i cung 60. K/} qul cho thsy, s khong

"' n g Q & a dong khi néng sau tuabin gay ra cac ving qué tfén canh phun va

| © nguy°n _mdcanh vigi® g vumg@uamht "E€s o s §hify v~

V. iv/I n ttrén canh thc. T cac K} qul Lo, cac cong trinfig8], [69] cd nhch xét

ragdn ttEmg d€©m m8§t c8&nh phun nht®hg chea
Céng trinh[70] nghién cu mdé phng hiu_ ng t £ mgdamengg a |

p hun Kk %wchhtrért nb®inh canh phun tuabin. Mé hinh nghiéa ¢ a tac gf

cOL “ehg kinhD=0,51mm(nguyén tjn), 0,25mmH/D=1,58va3, b &l t €hhnig L

theo ch@u ngang 4D va 8,16D, ¢h | ddng qua,l phunju=2,25; 4,5va 6 kg/mvs.

KJ/Tqu chotiy khicongmet . &, ng L i, phums d adgcéaclp h u nngl €

kinhnh (v. iH/D=c o n s t9hi wgd mr Aimhi tl n  h HmM63%)tuy nhién

€l " m t ehéni aplddilént i 75%. Nu ¢ 'n h, chénh ap st (thay vi nd
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L, dong) hiuqu't r aimhi tvdq t LiB4B%LIT L - t[&/Tludyria g = hig€
kinhDnh hhn He®tlr aimhit cao hhnfncilyfog, Nnth@y n c
Dgilm L i _ kkhafngwachHgilm WH/D=const  ngbpHk htirng L
khéngl ‘& Qtdp. Cong trin{70] nghién ¢ u trénnguy&n ¥ canh tuy nhién mi
chl€a Jijrqdhls t r aimhit , cth€a § i lQkvrilanvilci v L €a
raphanbnhit  .L

Coéng trinh[136] khlo sat phanbnhi t | ttén CPCAca ,l'g c-80AR S
c §nh ‘nc'lam mat®ag d mang phan ph va kW mang. Tac §is d ng
ANSYS-C F XWib phng[n h " mg€am c . €hénh ap gia ap skl khéng khi
lam mat v i dong khi néng tinhi t | ttén canh nguyénlb va canhfti/p,” L ©y
kh! Qg I p h €h n\&hi/pkArg ganhlEi ti/h.

M, t trong nh ng cong trinh hoan chh va cong phu I§106], cac tac di L «
tr3nh b"y “ph©hn ity ngadmdnpit.ca canh phun khi sd, ng thut
toan ditrugh xaydngtrénpfnm@n Mat | ab v~ AN J@F X. |
lacanh phunfngth 2 @ ch h" " ng kht!ng iEBWvagia m" n
canh,cacirttori* Lut i digumé phK g t i reiot ¢ & mang phan
phi "E$®sahvis li uth cnghimtréntihphgblag ph€hn(mcph § p
1.3.2.2trang23), ¢, n m?t " ihh trirén nguyéa M cdnhl’ ‘& kiwh ch ng
thong qua K qul th nghi m trén canh Markl ¢, a Hylton.Cacbipns ti <€u | -
r ng ¢ a mang phan pl, kholng cachH, ° hg&inh|] phunD, s | “@g| phun

khuvemil i ,s8n@yctvahanglphunkhuve | €nggve&m, L €
kinhcactrttbri' Lu! i c Bwgdach gil ddotr va chi r ng khe thoat khi
Luti cEquh canh KE L ‘& lam mat 1i € i H=0,710-0,997mm

D=0,423+0,517mm D’ong Kinf® ] phun Rag nhau m iV tri mang phan ph
nén wa xudlhi n3khuvcenhit | daogch trén lQmHucanh phun.
T4Y Vi t Nam, cac cong trinh nghiénie t Tialo t tn canh tuabin con
c h €©aQ. &dng trinf3] kh[o satin h * Mg €a s | “@g kénh & khong khi lam
matti “thgnBit ¢8nh climg dHct Wabi n VgpPrm@n ng k
ANSYSFI|l uent . C?t! ngQdr 3rnvh pnh'@dymatog @&highpbin
phap kixh nghi m va hiu chnh mé hinh. Md hinh mé phg canh cong trinh[3]
ladthg 2D valHuramts gifthi/f ¢ h<@a Q@K hhot | ngtrong thc t/]
nh<€:quabn h “ig@as quaytiphanb nhit, nhit dong khdng khi lam
mat trong kénh ¥h la Hag s .
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1412C8c¢c nghi°n cou tr°n m!' h3nh vot
Khinghiencu t £ mglancn@t canh tuabirfbg mang phan pli, ngaai
Vi ¢ nghién cu trén nguyén B canh nh@ tac g nghién cu trén mé hinh & ly

~

ngdhgvicackhuveefn t £ mglancm@g acanh, L ©y mtdlg3 nh

I ‘& L Wmhéag@mtbhinh h ¢, vi d : md hinh &hg thih phang thay tH]cho quéa
trinh trao " ilhhi t° mHbtrong ca | €ko § ngtre@nh22], [34], [36], [42], [47],
[56], [57], [72], [73], [86] (do ban kinhcong@ | ©ngg|w "~ h HnhiQrifn
I “ehg kinh | phun[47]), hotb [a mé hinh rRbtr, cong ban kintRs [50] hotb hinh
tharg thay tijchokhu v ¢ nthnih.Cac mé hinh nay nay cé tinhg quéat cao, c6
thw ng d ng vao nh@u " il °~ mg@anh, ni luch antih sy I9d vi' ¢ cong b
k/T qu” mo hinh wt Iy nay[45], [83], [86].

n‘ivi qué§ t'ifhinthkhawca ol @bl ngrcénh ce § ¢, ndh €

nghiéncu ¢ h 2 :rchu triec do&yg chy ([16], [22],[94]),[n h ~ Mg €©athdong s

hinh h c mang phan phit iNu, t €hnacadddng, R bgia ph€hng

nayvi ¢ 8c p h€h(gag ngpny @opgt8k langdeu [10], ki mand44],..).

p

Cacyput hinhhc nh€ tb@®hnigDvakhofng c8c hiHDEhN g

hh “mg€n JIh s t r aionhik, khiH/Dt £ mgiatr Nugifmv ~ ‘rcg €

19 [47], [89]. Trong mang phan phnhiQi | c6 nhiu S I til: th3g hang, so
le, . . . . Qedngdrinh nghéh &1 vQ[n h " mg€as phanb naytiphan
b Nu[45], [85]. Cong trin[56], [57] dingp h ©h n gh EngtEmps 1LWhghién
¢ u phan b Nutrén mé hinhlin c6 | phan b so le so vi S/D, H/D khac nhau.
Th c ]I, phun ¢a mang phan phiphfn | nlal cé mtbcdshinh tron, tuy nhién

c 1 ngnhnogcodngtrinhnghienw!| h3 nh el i[85 K/8qu m®ph ng

trong cong trinh[73] cho th}, | hinh elipco tac ¢gng f t trong vi ¢ hh ch]nh
hahgca d, ng nganwWlhi uaguycaont ¢énkhh dv iclh @ng
th i, Q kho co th @ chnh® mang phan ph rEl m ng trén canh tuabin.
Khit' ntdhail phuncéhhnhayk h* ng k lchingl€v adb Hao hhau
£ttt h " n h (Hhf1i14), pdngikhdng khi'thel  hcgé@cao, vh t ¢ dong
chly t h engsomg®ng@mibtbin L2fohnfBa@ bO. Khi L -
b  Nus€thbykhuvc L7 i Nulilac tidd: Khi cac| phun cang §n nhau
hiu ngnaycang #hhng, Lt i Kk hin “dgatr va pham biNu® khu
v ¢ gfn | phun.Céng trinh[102]s d ng p h €h n g nghim§ @\hghién
cut €hng ,&Egd choty khuv cd ngtcthib dch chuyd ra hai bén
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SOV i Lo p h U@y | nhiQHén (7> | ), khuv c4gécitctuln h * g€
ca L"i phuWwoncaothd g8 &cckniHu v
Trén K chl canh tuabinHinh1.16) c6 3vungyvi I t r €ng kh&8c nl
L - "dad) phunkhi ving ! (ffm’ khuv ¢ fucanhi tbin L' 2YsgHdmdt chu
[N h " hg®idong khaon h €mXgcos t €h n g_ atc& ¢ v ignhau Con H
phfn| ndong phunchi t €©h nagdong Bhéc vl gi a cac dong phun vnhau.

Hinh1.16.K/jchlh ¢ § n h Wi u la d’icl&m & Bag mang phan phi[36]
TY vlng Il (Hinh1.16a) cac dong phunp h 2 a s a ng) daf@chg[nh( b
h ‘&g ¢ a dong ngang dly rat cac] p h 2fa dotig. Cac nghién a vQvkh QL
nay s d ng md hinh 1 hieb nhiQu hang | d ¢ theo dong dfy, cang cac dong pim
‘ phia cuidong chu t $@ ¢ aldong ngang cangn. Cong trinh[86] k/T h p
th ¢ nghi mva mé phn gWaghién cutrén mé hinh1 hangtd ¢t h egcHyn €
KIgu't h ucNu€ c Ygilm dn vQphia chi dong vaNud a ong kung quanh
giatr trungbinhyibi °mh Ehn. C1[6]gghiéncé nth, n gguthoat 2 L
I'WgifmthWw  t &gcal d, ng ngangcNukho Hhnthu L€
n"iv ivung Il (Hinh1.16b) ngayt nh ngdong phurlfu t i ° wmdong« c h
ngangrdil n cHyt khuv ¢ fucanh ti, va trong khi nghién au vQveh Qhay,
cactac git h g s d ng mé hinh mt I, [22], [42], [72],[73].. L ©y ', n gc &
dongngangl ‘& L §nh g it8s wdhtcadgg pun/@dng ngangR= uj/uc
hotot s M (M= LU/ ¢.Usr- mass flux ratid, tuy nhién iy dung hai dong nay cé
md | dongb3ag nhau(}/j =1) thi VR=M. Cbng trinh[22], [42] s d. ng c8c
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biJJn nhi t L, | &p d ¢ theodgcihdg Qangheg ng c
c uln h * g€ adong ngand i dong phun(H/D n3n trongd[i kha cao 642, va
Rg=35000+121000 M=4,9+174). KJ} qu[ cho thBy dongnganglamfc h L ®ng K
dong phuny tri Numaxc -  x mg o ® Liiv trkthm | va gia tr Nuco xu
he&hg tktng | °n.
Gfh Loy, ¢72lig dsnrg® nphh €hn @ nghim§ pl k/ thp
V. imé phng$ LWhghiénculn h * mg©adongngangt i Fol. t 2 n'hinhitr a o |
¢ adong phurv. i Rg=13400, H/D=2, VR=3,5,7Trong bai baoayRe, D, HL @
gi k h! nigkhif s vcht ¢ dong phun/dong ngangRcang gim (vah f ¢ dong
nganguert £)rthiNumaxt £ n g’ t v "Ah e Nud ch vQphiacu id | n'gng th L
Nugchcl ng tQnayadakti tn@hm!| " mintktmg “tkigo L
trén lmkbthin - L' 2Conlg trinh[79] ¢, a cing nhomtac Bl «  n g luim t hangc
41 d ccol &g kinhD=13,2mm, Rg13400, H/D=2, S/D=3 ‘€h n g i dorfyc v
ngangco VR=3,5,7 l'fu dong phun’ ‘& chch b ig ch V goc 36:6 0, L dai
1,3Dx2 . d200,6D, . day 3mm. K} qu khic6g chdavi g - csElardNul
ttng | °n 55, 32%, 2ngv i3 %ngdpVR=3,56/8%% t €hng
Cong trinh[36] nghién ¢ u trén mo hinh 10 hang thu[n h g€ a dong
ngang vi (S/D, S/D)=(5,4), 5,8), (10,4)10,8),H/D=1+3, Rg=10000, VR=1, 2, 5
k/T qu: khi H/D=1thiNu" tdm| phun €t t n gthed chu dong cliy, VRgi[m
thiNut t;rklj H/D=3t h u c KPgu n g €I4. Tuy nhién do cong trinh nay s
dng ph<€ehngngpimgwihtuhthcacepnhitknénchx § on hl’ ¢ €
Nu® tdm | phun, khéng cé kc tranh toan nh vQdi n bi/jh Nu trén toan .
Céac dithéng § nghiencu n h€ H/ PVR, SI/'@g, hhRdhg va
b tril, phunga ¢ §c ¢ nitkeé tt 3 mht igep  Bling1.1.
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B[ng 1.1. B[ng th ng ké cac cong trinh nghiénwc mang phan ph trén mé hinhkin pHng

Tacgil chinh | H/D | S/D Re VR Hinh Sl@gva | Ph€hng Ghi chu
ding |, phanb |, nghiénc u
phun
Vung Il (Hinh1.16)
Junsik Lee|1,55-8| 5,8, | 8000+ - tron NhiQil b tri | Th cnghim
[56], [57] 12 50000 so le ph€ehng
Yoshisaburo | 2+8 | 4+8 4680 - tron Ma trch th3ng Th nghim
Yamang[102] hang 3x31;5x5| p h€hng
| ; 7X7 |
Ricklick [86] 1;3;5| 5;15 | 17000+ - tron 1hang5lhotb| Kiph pthec
45000 15 | nghi m bRag
ph€ehng
va moé phng
CFD
Andrew 3 3 4000+ - tron Ma trch th3ng Th cnghim | Sosanh 2
Schrode(6] 15000 hang 9x5.| blag ph+¥Llfuraval
phap 1 Lfu ra
vung Il (Hinh 1.16)
Goldstein[22], | 6; 12 - 35000+ | 4,9+ tron 11 Th ¢ nghim
[42] 121000 | 17,4 bmag p h
phap 1sd ng
cac ¢p nhi t kJ]
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TT | Tacgil chinh | H/D S/D Re VR Hinh S | ‘@gva Ph€hng Ghi chu
ding |, phanb |, nghiénc u
phun
6 | Man-Woong 6; 8 - 7,98 elip 11 vihinh | MophngCFD| Thay , |
Heo[73] (w=11,96 dthgt tront i elip va goc
m/s) elip nghiéng so
V. i bQmMH
thih L 2
7 | Makatar Wae 2 - 13400 | 3;5;7 tron 11 Th ¢ ngh? m
hayed72] bla g p h ¢
8 | Pansangj79] 2 3 13400 | 3;5;7 tron l1hang4ldc | phaplKth p | C6Q cha
moé ph ng CFD | dong ngang
9 | Florschuetz 1;2;3/(5:S)| 10000 | 1;2;5 tron Ma trch th3ng Th c nghim
[36] = hangvasolev | bag p h ¢
(5; 4), 10 hang dc; t phéap 1 dung
(5:8), 9-36 hang ngang caccHp nhi t kJ]
(10:4),
(10:8)

Ghichu: &, S 1 kholn g

c 8 ¢ higt &&daml ghuritheo ci@u x (d ¢ dong cliiy) va chiu y (ngang dong dly).
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142n1t vmn LZ nghi®°n cou

Céanh phun tuabin cao &pn g DRR6L & lammat kM il | €u, L «
mang phan pH, tuy nhién mi ch’ c6 cac | phun vao khu ve mi1 ¢anh Hinh1.2).

V. idthg ki cll nay khu v cnhitl, ¢ ¢ Yleo thawkuEihin® | €©n g [58]8 n h
[90], [91], [136] hotb kh ng canh[68], [69], cfn c6 bin  p hv&ipm nhit  ¢ho
ving nay. Mang phan phcé K cali L Hm, ‘gelickgt tach’ri so v i than
canh, Vv cb trithém cac|® trén mang phanph p h 2 a (hob, g card)n h
|l © ph€ehng [&h c¢c- t2nh kh

L ©rhgbh ngcanh €L ‘& t £ mglamcm@t nh nang cao hiu_ ng trao
Uinhit il | €u khi cho d,  n@nglplas plig \KevadiQp h u n
mHbbéntrongca | ©ng c¢c8&8nh. D, n'gtik hfcacdcgdond kit n |
bénédhh, cl ng ntf@cadhclygi khd, hg nganaching t €h
| “ m fihkoly t B n"hnhittrki@dogcdngin g n h @ tergfottdg.u L ©y
IHraveh QtFnl achn k 2 ccH phuhDe | b ket € hlhi §/D, khdng cach
t ©h nidgd/DIsao cho Bh ch][n h * g€ a dong ngang, nang cao higu, trao
I i nhi t.

Hi' n nay, trén mang phanphc amts ¢ § nh p h y phurl ghiac - |
|l €ng.ng” nih €ng8 o hO6)Ecanh I75[55], ... Tuy nhién, cac hang fhi
kilitkhicengb ph€hng ph8&p v~ _ uwdityhdanh€4 bongtrinh i ° n
¢ a cac nhanghién cun h [88], [69], [70] c6 K quf ¢ h €a tnod tinhtdg
qugt khingthi c a b €allduediconglaghanbnhit & dacanh
c[i ti/n. Cong trinh[106] t i €u h-aQcfBgh L¥cédnl B€ng v~
hng c8&nh, phehngaqgigdiphnaygihiin°d oh'@n@y s
t Tn@hptinhtoanIn, thi g Wdjrthad'vongltb ridai (i 4 6 Ag htpr €
trongthi gi an 50 ,ntyigyyprm§y ¢ ¥ h L

Vi cnghiéncu t £ mglancn@t chaPCALng ch DRW& c -
hi nbag cachs d. ng cac khuyh cdot md hinhwt Iy n h € ng kéhh | phunD,
kholngcacht €h nig/DL . b€t €h hi@/D.Tuy nhién, fiu W} cac cong trinh
nghién cutrén md hinha QI clh ©a _ mtg dong’ngangchieb ch 1a dong
ngang do chinh cagc L'fu dong gay ra cu i dong[6], [56], [57], [86]. M, t S cOng
trinhxétti[n h ~ mg€adongngandt h "~ mg€at s vadht c dong phun/dong
ngangVR) t i Nun h [22],[36],[42],[72]v" c 8&8c phW@lkhigp hp geSp h
n"y [Mh[@].PHnl ncaccongtrinhndy d ngmoé hinh1l, ch<€a c -
'ng t ©hnagcactdéng phgth h  n hrg th,i c k€40 stli H/D, S/D,
Rgkhacnhau. Chiff ¢ §c ¢ ! n gc trintt bAyntrong nc'1y.1va BEng 1.1.
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VBl QLH t r ‘©n gnhitt'r méchinh:mang phan phnhiQu [ chu tac
I nggcadongngangh ¢, n ‘chgBéancitet W ngb v icacypf
Mh "M kh&D, SIhEDovdy WE - ‘clhackn mang phan ph,
luch &n §n nghiéncu HY t r ©ngnhitr &dvi L ¢ - _ & d&typhynva § ¢
dong ngang trén mo hinkdh pRg nhiQu | phun (chi ti} vQcac mé hinh nghién
c u lcinh bay trong pc 3.2).

Luchan € & nghiéncuvini dung .¢~ clth§ dHinBEL7.
C thWtd trung nghincu t £t 'mglamtn@tchc PCAnd ch AWR7 6
cach b tri thém cac,| phun khéng khi trén mang phan ptd khu v ¢ c6 nhit | L
caonli(bld g ph<ehng ,pd. Tmwong ouia triphhnay, dh an tin hanh
nghienculn h " Mmg€aypuf hinhhc (D, S/D,H/D v ' néhadngd phun

(

RgvadongnganyRt ih s t r aimhi th(k/fh pd'th cnghimbxa g ph€hng

phap TOIRTvamépmg) , L ©yW la'chnd/hchlsmang phan ph (s

| @ g, kz2cevhtridehl® hun) c¢hogCRGA DRI phan bK
nhit ttén canh mi s€L ‘& so sanh v canh nguyénlfim Wkh3n g nhthi u quf
t £ n’gng l&n€mat.

\
Xaydng m! hdimht trao
trén canh phun DR 76

. J/

:

( )

Phan b nhit  tf8n canh phun DR 76;
X 8§ cnhitrich t £ mgylamomét

:

Xay d ng mo hinh ¢ ly " ng dthg v i kénh dh
khong khi €l v tri cFnt £ n°gng lanemat

\ J I5.-
& =

[ H 4 P & \
Kitquh s t r aimhi £ 5
trén moé hinhat T nig dhig £

( n€a rfacak@HiDy S/D) ; KJT ludh
.

& o
4 - M . <
Ap d, ng cho mang phan phtd v tri ‘@
cfn t £ mglancnt ca canh phun DR 76 o
( X §ohvliri,s | @ g ,” ngki@h] phun) n

. J

:

KJT qu phan b nhit  tt&n canh i ti/h

| J/

Hinh1.17. Trinh t nghién cu ¢ a lud an
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15KJ/jt Chehhg

nCTBtiuthylalod nlg c'hcomhii <€wh i@ i, tuy nhién
tiith ,thigianlamvic® chjl, tlicaoca g ¢ hgdc(200gi © ch]L,
'nhmc "il i  nlg c¢ h dD¢EAd i)} tuabinlamyvic t r Qi ki g khioi
nghit. CPCAL, ng ¢ h nIRgagsau bin g t, Ehunhit dao nidtrong
NCTBK, nguy chQu¥§y do§ fl ingldminatdudriom@ng tinh
th is va dp thil.

T Kkqu nghiencu <€u ‘w* Wricha®ts binph&p tnragng c
lam mattathey ph<€hng ph&p m "ngp hp@Hhoguppab,§ @ ¢ -
cnthyl cnh,tincdy ,  Licdng ngh ch]tt khéng quaaq phu hp cho vic
ngdngvaoCPCAc a .'g ch t uabyiCRCAckz2 ¢ DRFSL &
lam matkid il | @6 mangd phan ph, tuy nhién mich’ c6 cac | phun khu
v .cml ¢anhvi ¢t £ mglamcni@t co tth ¢ hi n blag cach b tri thém céac,|
phun trén mang phan ph khu v c c6 nhit | daa

QuakhHosatcacnghiéna tr ong .\ L rg aHoittg,ca cong
trinh nghién cu trénnguy&n ki canhc h € ac tdaredin va co tinh'tng quat khéng
cao. Cac cong trinh nghiénwctrén mé hinha | T [icgbhyfi t g QPnh
hehgca t €©hngdong®lun\g dongngangh s t r aimhi t béntrong
| €ng ‘ocn§thh, c h€a wglhh ¢ hcacahdbngsinh "t kh&§c nlt
thong S hinh hcH/D, S/D k h 2ngRg vaVvR

Vbh QHéu trén latrng tim nghiénau g aluh annhant 3 m r a p h€hr
k/T chl mang phan phicéh s t r aimhi tcaond,t L - SipgWdt n'gng ¢ €
lam méat choCPCAL, ng DRRA6 Ludhansdng phehnphppth&p K
nghi mva mé phn g C WRHghiéh cu, ¢ thwqua trinh thc nghi mx § ¢nh i
Strainhitssthchinbfag ph€hng ph&p TOINRELS qu§
d ng pifn m@n ANSYS.CFX v i md hinh RANS, mé hinki i SST.
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CHUONG2.Cu , SYTHUY e TTRONGBAI TOCN TRAINHh T
CHO CANH PHUN TUABIN

21.M* h3nh trao L i nhwv"tlchocb&8nhppfanmt
NV § cn hi” ¢ pBan b nhit | tfén canh phun tuabin cé lam méihdinh

t o § ngl Eh cdong cliy (dong khi nongén ngoai valong khdng khi lam mat

b°n trong), ighut®i adony o (b&n ngadn, béh ang) v i thanh

vachcanh qua trinh & nhi t bén trongphfn kim loY ¢, a canh(Hinh2.1). M6 hinh

t2nh togagi nl'y m¥e nhinl@énhtpi28]p Cr onmgddhg t r <

ch[yinhit , ¢a c¢c8c d,ng kh?2 (kh?2ngmhitngdacinh2 |~

t uab’icn t2@hngtho[8®h L

N

] ( Vat thé rdn )

Trao d6i nhix

@(‘)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)

Hinh2l. Nguy°n | T inH tiénh p oh canhttuakafes] L

Nhit  ¥£° t hhgingit(Heh22) ‘€t tia mbbbién gja chid
khi/rda khéng plhi @ kifibi°n m®ctiohhtéam tgonglcée vongl
(Hinh2.3) [74],[99]. Q ki n bién trong bai toan nay baorg: théng s dong khi
(Gp sl nhit L | “@g)tl fB v ° ¢urarga kdhh &, thongsvd ly ¢ a
dong khi va kim 18l ¢, a canh phun tuabifrong khuén khludh & n, A m® h3
“inhitliénhpcho c¢c&nh phaoqitd ulabi mm: Lkd@tecHo t r a
c8nh phun tuabino.
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Ving lwu chat

T
I

qf Bé mit tiép xtc

s
Vung chat ran

Hinh22.Nhit _ " t h hginbit |b@mtbti/p xtc gi a dong khi va ®mHy
thanh vach99]

MiQv | @b gilhdongl €©uH) ¢ h
Chty m tvaivong Hpt ikhicoklqus h bba fu L
Thong S Lfu ra: Ty

'

MiQn chtirdh
Thong S Lfu vao: Tus
Thong s LFu ra: Tus
N

a4
MiQv | @b gilhdongl €uH) c |
Thong S Lfu vao: Tus
Théng s Lfu ra: qus

v

MiQh chHirch
Thong s Lfu vao: g
Thong s Lfu ra: Tus

Sai

Hinh2.3. 8 thudlitodngca m?!  h 3" hnhi tién lpd99]L
Twsi nhit | ttBnpnt miQr | Eisat thanhdb; Twsi nhit | tkén pn t
miQn chilirdh sat IQmHy | Bugwsicthh @ nggnhite trigiamih | €u
chil va migh chiiraa
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Bait o § n “itnhial@n Hphin n a’yn gt ¢k bag CFD, trong
I sdngc8§c nh- m pheotirghdahS8&8op mha@hig-Stokes nh N
thwtich h u hth (FVM), phFn t h u hth (FEM), sai phan hu hth (FDM). Céac
ph€hng ph8p ‘machthkri®c m-haauc §c pchCédplfry t r 3
mQn CFD ph bi/h cO tMKWJh nh€ ANSYS (CFX, Eabuent
STAR-CD, PHOENICY95]. M, i phfn m@n  n "Qyco thjmthh riéng, tuy nhién
ANSYS CREXdhgphbi/h trong c8§c b/hdanhtrayBén, | i °
tuabin L, tin cdy ¢ a pfn mMQn ANSYS CFXL « ° dniQu cdng trinh chng minh

PHn mQn ANSYS CFX h tr cac &l t r. ity v, lba® gm cac phin t
hinh | ¢ giac, t di n, ném va kim t thap. ANSYS CFX cha thut  t WM& nhW L
kith pd FYMVAaFEMtrongmt m! h3nh, tr Bn g h©h [V M nc
cho c8&8c p ljo@damtgpngtkhi 3 h EwconEBEMcunglgp p h€hfig §&n
cho cac dong trén ca€Qmkbvach va phnt trong kh i rda. ANSYS CFX cunglgb
m t gili phap duy nkilv. i , dhinh x4c cao chddicfc 8¢ d , ndjcéfic€ul c h
khac nhau (dong t . thipvatc  EBao)vathuctinhwtlyca | ®u, cdil ng
n h € i nddhkhéac nhau.

n" ng th i, phfn mQn ANSYS-CFX cho phép trichtild li" u phan b nhi t
I, trén canh sang ph mQn ANSYS Static Structural, ' + 2 n h ‘tcong sl L €
nhi t ¢ a canh. T céc ly do trépluch &nl achn s d, ng pFn mQn ANSYSCFX
'Wam congexdydng mt h %imH t chorcénb phiin tuahin

22LT thuy/tvd, hgaoh[yi mQm tANSFESng phfr

221C8c ph_ _ng tr3nh c¢_ bdn

Trong b" i inhidl@mh g thud wanka ANSYSCF X ° dx&y
dngda tr°n c§c picahnpgh @hrn3gn ht r-Stbkesip N@hm @ r
trinh o toan khi °~ hg@.1), .nlg nNg@2v" " nimg23)ve phehng
trinh blo toann £ n gng troy khi raa (2.4) [67], [95].

%+~Eérﬂ) 6 (2.1)
E(rﬁ)fE( ou b d:) t % (2.2)

(r )+% ZaeE%Egzl‘ﬁ@u fre (2.3)
= U
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‘L owi khi ° mg@éng,a -v ®c dtfledong,pi ap sudic a dong kh|’,7 -
_ng sHinh t, f - gia f c dong khido | ¢ tdc gdng vao khikhi (I ctrn g * hgr €

| ¢ "Hti),Eintngngtod@phn, g-v®c th'td.  ng nhi
Trong cac khircavicbfo t o~ n’ ngtao'gm chcguf daongl
phan t, & nhi t va ngui n nhi t thWich [12]:

u(:ItES) " D(@SES) :( @ CD) SE (2'4)

‘L Oy Es, ¢t,€hamglavdh f c,entanpy, khi ° hg@éng vahs d¥ nhit
¢ akhirda, S7 ngd n nhi t thWtich.

n“iv i g he baitoan n "nh theo thi gian ta b cac thanh pfn th i
gian trong c@bD2@hNgbanrg, hph®hhg t r-Stokds Nav
khéngpljilah ph€hng t fggm R2ph<€bhgngr ¥nhlvphie
tr3nh v®d(@,hijEDowdbcFnbit h°m c8c ph@hag tr
cacbihp,,nhit . T ntngE, hg&H nht(, v®c thg.&hing n
coi d, ng Kk hagtacdmtd mniquan hsauf6 @&

. ) k
p=rRT; CVT:ﬁ, cpT:ﬁ (2.5)

Tron®@, Ginhit dungpgi ¢ hpdap yadong khiki h s L &h
nhi t ¢ a dong khi.

Vi ct r aimhi Etrén lQmHuthanh vachtha  m« n Qukigng19]1: i

TG st EOMHLthANh VAClY=0: U=0, Tw=Tus /. ols § = Al 0.

¢ Hy y=0 ¢ M y=0

Ti/hrakhu vc gi adongy4 B: u4 up, TA Tp.
222Mt h3 nh trongRANSTr Xi

Khi trung binh héa gia tf ta coi né FRag t ng ¢ athanh pln trung binhva
thanh pn xung: f = f +; =0 [108]. M6 hinh i la m t quy tinh tinh toan
nhAmmec L2 ch Lphn@hrkgNaviedStokes t r o nrgg Lt hlamh L
hay nh LQu c6 thAk§ ¢'n i ° & M c tiéu chinh ca tinh todn k thud 1& xem xét
c §c , hg&ka@s Kilén giatrtrung binh ca dong chy.

CFXchatluWicacldHd moéhinhti , t r o nlgcat mo hintaRABIS
[11],[12]: None (Laminar), ), Shear Stress Transport |
SSG Reynolds StressHpsilon EARSM, Zero Equation, RNGEpsilon, k¥, Eddy
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Viscosity Transport Equation, BSL, BSLARSM, LRR Reynolds Stress, QI
Reynolds Stress, Omega Reynolds Stress. M6 hinh t@gdamd s mo6 hinhri ¢ h
bln ‘lc€tr3nh HKoy.de

2.2.2.1.M6 hinh kU

M6 hinh kU d o -LJaounne@®euli tdi t r un g JJfn"ho meSh L ¢ h
L'ng ntnggr nicthgg adongk®)latngca . m'g nktng Krung
v.i  nlg n'tik[9B]. r

1
K _E(u2 V2 W2

:E(? w2 W) (26)
k(t)=K +
T c  Bi/hdhgsjva ngsri(L & vi} . ddéhg mateh
é,SXX %(y S(Z axx ;y th

é . é
SJ:F;‘S?X S 3 ’fij:éfx wl v
gszx Szy S« Stzx {y z[

T€ehnghend ntng g§H)=Gl+pg c-
nng ntng tr oggnkhgeh@Mdin [dd8hg[95]

”(;K)+div(rKU) v PU 20§ By 2 Sn u € (27)
rk

W

)+div(rkU) :divgeﬁj 2+ § U iu,fucgz #s  hugt (28)
(; =

1
_F
2
ph@eBnhregré&mh t rend b

Thanh plin Zmﬁt rong
phan tanri U
e=2vs © (2.9)
MéhinhkU t i ¥%u (drawnder v~ ° Spanlding, 19
trinh, mt chokva mtchoUS d ngkvaUWHot r €ng | avdhd c & va
chiu dFoi t It cnchuyd g f i [95]

3/2 2
u=k"%1 X . m=C,_ rlu= Cc,,k—
e e

Tr on Ge-Mhag s khong th nguyény ikh'i ° hg@éng ca mdi chil
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u(rk)+div(rkU) ZdiVé;ﬂ gradk U%{@ SO (2.10)
pt &S« a

M8, div(r B) dive® grad ¢%6,52 5w ;£ (211
r IV( ) |Vées—g %@ek (9P € K (2.11)

e

Trongcacp h€hng tlr@& i o nctegcd®g s G 1, 71,3
Ci151,44; & 51,92; C:=0,09[95].n"iv. i "tng h& dong cliy v. i s Reynolds
2,5
28 2

thigh thi C, =0,0% % : C =2(1 -o,&*‘?); R ='%
2e en

[95].

2.2.2.2.M06 hinh k¥
Trongmd hinh kO L, nht nghcrisladgnpMngat I vehtc
3/2
u=k" vachia dFbi tLH!eLkHe—g.TC khurhtangca g nting0 r
khong pii 1a thong S duy nt WILo Q@ h d Foi t ltC&nhu mo hinh hai
ph€hng “tr £ &baynhiéé ibdlamdhinhky do WOxLEL(1O8S, L
1993,1994),sd, ng#ns riv = @ hguyénlad) nhehtH Habi Kh i

chiQu dFoi tlﬂﬂ%.,nhtr’i ‘e®\Nin qua ph€ehng tr?3

m="%" (2.12)

"ngsi Reynecl déd nbh€nm€® bhy¥ymmgt t€c m!t h?3
trinh v i biW th ¢ Boussines{@5]

fy=-04 Z,.8 - kf d%:—lﬁ —+a- k (2.13)
3 et M 23
Ph€hng /i rikhokvabdéhodongchyriv is Rec a o c ki
d @ dihg

o

¥+div(rku) divesm 2 grad R o B b kr (2.14)

& Sko= v

u(:rt V)/+div(r W) =

(2.15)

€ m © g a 2 w, 0 )
=diveggn +- grad( W}y 4@ S = Fw, §d-
& Su o+ G éﬁ TR
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Trong md hinh nay c6 ca&g s sau:lk= 2, 0=2 ,03-;0 , & 56,075; b
b'=0,09[95].

M6 hinhk¥ Tc€ quan t ©m i thémkadmidmgachlyjs h
Reynolds thpp. Giatrca . m'g ntng rt r o HbBBEOhTNEE i ¥
c- xumgtim{ivocung trénvachheb t heo Wil conkbgl 988

' “eng hyperbolu, :%yz. Th ¢ t]cho thsy ki qui khong ph thu ¢ qua nhi
1Yp

v © o chlhh xac ca gia tr nay.

TU Ffulvado, cac gia'tc akvay cfn ‘leclnh, 0 Ful r a Qckne L i
gradienta g On ¢ heé&edng . Qi nbiéncaxt rong d, mng c¢h?
Nt nokAO Fns rivAO)lavbeh Qkhégliquyl . P h€Hhailgchotibf n h
L nhtrit/ptivoconghtd Kk h?! niohkhivAd ,L dofi Lx8p hd €
gatry d¥% . n- nh

2.2.2.3.M06 hinh SST

Menter (1992) kBn g nhtkl qul ¢ a md hinh KJ 2% c[m hh hincacv
giatrgifnhtrang d, ng ¢ h?2 frvach i queldl g kkhidtiyéggrul’
v icac ) p biénva gradientap k. Do L Qxulidl mahintilai s 4 ng mo
hinhkO trong d. ngWaeharh mdhinhky,  rgfn edchu yng sl
Reynoldsca ph€hng “d r# nimh kbglnghh @ ht@ omy_ am?! h
Wi | ¢ o x 0L &thiprnhgnte b i p h ©h begy. T c B:n h

€4 o) 2
WTV)'+div(r W) diveg mL grad( Ju +
SW, - ¥
o & . (2.16)
a _ 0
+gzg 5 $ = ’Jild’k i 871'2 b 2+ e
g 3 IJXJ- - SW,Z M( )qi
So sanh vi p h €h (245) th thsy phét sinh thém thanh fiicu i cung
c aviphli , L © yph tiar chélo, iphat sinh trong chidy i trong ph<€ehn

U= .khk©ydsgcachugs: k=1, 03200210 1,7Q, 440,083p
b*=0,09[95].
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223M* h3nh | ap bi°n gtn th”"nh ran

Céc nghién cu ly thuy} va th ¢ nghi m cho thsy raag gn thanh e ¥ n t4
m t dong clfy c6 chiu day Hm ng v i cactinhchil Folbit , * clj ©al p bién
L. p bién nay cé techly © dthg cHy tfng vaclfy ri . i wvni |l p bién clfy r'i
I' ‘& chia thanh hai vand] (Hinh 2.4):

- Vung kQthanh ea: Chifm khd'ng 10+20%'tn g, day gn thanh &, ng
suHiti/p bao'gm_ ngswinh tgin  n h @g$ va ng slr i. L p nay gm hai
vung:

+ L, p tuy tinhph, : L, p ngay sat thanhdn, co t&hg thai chuyd | g
ofnv ichlytfng, ngsiinht L - ng vai tr, ch2nh.

+ L, p theo quy ldt logarit: L, p chuy ti/p sang vang 18ih, © L ©'yn t&
c[hiu ngnhtvarfivachingcégiatt €hng L<€hng nhau.

-Vang 18i f i (theo quy It viT): T ntd clhaihiu_nglanhtvari nh€eng
_ng sWHr ichiphi, hay néi cach khac laxagtrri L - ng _M&,contle , ch
nh t c6 thAh qua.

y A

i Lép roi

L&p logarit

/ Lép tuyén tinh phu
v

y : "
A/ :

Hinh2.4. M6 hinh dongehly gfn bQmHuthanh ea [11]
M6 hinh \d Iy dong clfy ofn bQmHuthanh eb “Lc8W dj n trénHinh 2.4,
MO hinhtoAn'hc ¢ a CFX las phattrmica ph<€hng ph8p do Laul
LQxuHl Vch t cdong ofn v § ‘cch xL&&thed quy Idt logarit, t cla veh t ¢
khong th nguyén dva h s khéngth nguyén y cé m i quan h sau[12]:
. _U 1

ur==t =
u kK

n(y) € (217)

4
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1
by &, T 218

"L Oy -vd fcgfn vach,ugi vahfcnht, Ui vah f ¢ ti/p tuyh v i vach'
kho[ng cachey so v i vach,y* - h s khéng th nguyén tinh_t vach,ai h?ag $
Karman,C- h?ag s ¢ al p logarit.

Theotai li u[11],'iv, ibaitoan méphnglc t €hnkp t §iahoh &
gi a m6i chdlva thanh vach nén |, ng mé hinh'ri SST, fU'tiénga . I néncd
y"Olvi hhn 10, pof¥thanh vaahinlgt 4 n g déyhkhong qua 1,2.
Cac khuyph cdonay nemmec L 2 ¢ h[i g ©Olkac gygadient trong p tuyh
tinhph, nh<eélg- m- -t tsn"Wg2E&aqgihie

H™ mScélable Wab

P h €hn g(2.17)rs8ghphvbh  QKhi ti/h séat ti vach, khi maugti/h vQo.
Trong vung logarit c6 W& d, ng bih u” thay choug[12]

U =Clk (2.19)
Khi L -
— Ut
U= (2.20)
ZIn(y )+C '
n(y)
ngsHiti/ptuyh ‘lcex®8b £ heo ph€hng tr3nh
t,= du, (2.21)
o . D
i YU y =4y (2.22)
m

M ttrong nhn g ‘rch W chinh ca cach tip ach nay 1a K} qul tinh toan
ph thu c vao v tri gfn vach nlii, t clanfy cmv ivi ¢ ¢ h ighn vdce CFX
L« L<€©a ra phWhKigb pfohbdpch)dt yt rildngbihs s
y =max(y,11.08,° L ©y 11, 06ayltd WhigiBo ebgi a ving logarit
vaving tuyh tinh. Giafrbiencafc  fh©n t §n tr ong x&mgl |
theo ph€©ehng tr3nh

e=—-—" K (2.23)
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HiMi chth h Aufomatic NeatwWalldo t Zf¢ém gn m* h3 nh ¥

MHb di mé hinh vachtrén c6 phéptinnch h ik, nh€n qtrénh Y%n g
cac gl 'nh vet ly c6 vish QL Holbi t 1a trong cac dong iy v i s Re<1CP, vi pHn
l pcon(ptuyhtinn)bh qua trong phdkig " he3 mh E On
| @ g. Do  tlr o redgyidthshuyM co thNént i 25%. Khdophe Qi L -
congthc g aWicox<€t Lng t 2cacho It €n@h p gin vach khi Rehbp,
Fngthi t 2 adhnodll @logaritvalptuyhtinhngn v&8ch. Phn@hng
| “@gca d, ncg x'8&h b h[Bl:sau

K = -ruu (2.24)
(\/_ (2.25)
u _\/ (uw) (2.26)

uvis_ "1DU‘ .ulog_ U
t A Alpel Tt T 2.27
71Dy /ilog(y*)+C (2.27)

Gia tf ¥ trong cac ving logarit, tujp tinh va chuwitiyp ‘lc€e x’'86 Lt €hng
.ngvi ph<€h(@gy+(280:nh
u 1 u

W=—— == 228
Taky awy (2.28)
_ bv
o 2,
w,= Wl et ¢ (2:30)
¢ =

Trong mé hinh vacH:\wh fii  t i’ ¢ epi Min€ria ngoai | p tuyh tinh,
chl, Rethh Wihifl t i’ € chupkis@ ngv trithgb h h n ° ddihhichniL €
Trong md hinh & ly, L'\Wh Fu ti€én Rn trén vachy=0), tuy nhién khi tinh toan né
co khdngcachvi v 8@ hay gayra sai §12].

224Mt h3nh trao LYi nhi Mt qua Vv&8ch
Tht nggnhi€ "E#dhthe h€hng tr3nh

q= h(TW -Tf) (2.31)
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Trongnglhipdéngchiytfngh s t r aionhith L ‘& tinh t théng
| “@gnhitq( ph€hn@31 )y 3 mdirp@Hy ri, LW 3 m cdt®s d ng
bi/h nhit | Khong th nguyénT* [12]:

re,u (T, )

- (2.32)
q =
‘L OWi nhit ¢ avachTsi nhit dong khi gn vach.
nivilachn Stal abl e Wavi ' lAuUFwmatienMal | T
thiT"lL& x8bd tL@gng heo c8&8c [@H€hng tr3nh sa
T =212y ) (2.33)
a-1
. A RN . &s .
T =Pryd % €212I(y) b 8 (234)
2 *\4
. ’ a 1 0 0,01 P
Trong - ¢on. b=g3,85PF -13p ®,12If B, G =M
4v c - 1+5Pry

23.LT thuy/Jt t2nh t o8§nkhidmQuy k§manhphurr n c I
tuabin cao ap

23IMAc L2ch v™ ph__ng ph8p t2nh to8n Li
Trong md hinh mé pmg cho nguyén b canh phun xay ahg trong ANSYS
CFX gnthongs Ll Qi ki nbiénlaapsk, nhit  d, ng kch&saucani€phun.
Cacthong'sn " y ¢ hc@ung dp ®ongcactailiuga . g c HWinjithkuy
thud [114], . hg@ khai thac vh hanh116],lylc h, nly [X1%) va cac tailiu
do nha §n xud cong b. Do vdy ofn thi/f xay d ng 3 md hinh tinh toan nhikhi
I’ ng bRag cach Kt h p pifn mQn chuyén dng Gate Cycle va gim mQn Matcad
(Hinh 2.5):
M6 hinh £ M6 hinh chu trinh nhis h ; b
M6 hinh 2 M6 hinh tinh toan théng shhi t | nij fng tuabin cao ap;
M6 hinh 3 M6 hinh tinh toan chu trinh nhi FyL_ .I
nfu ti °n, m€ s H h g WiihHLtoall éBu trinh nhi (Xem m ¢
2.3.3.1va bai béo 1, 2), do trong Iych va thuy minh k thudch L €a s Lt h g
ap chung. catoan b may néri114], [115]. KJjqu'c a m! h 3 nchamthdng L €
s Lfuvao cho md hinh 2 (na 2.3.4), trong mo hinh 2 tthéng s hinh hc ¢ afng
tuabin cao ap,g h pvi c¢c &c p h€Hn gy htc rVeimhhoant I igifm
ap, cong.ca fng tuabin cao 4p. K quf vQcong catuah n ¢ a'acc  SpiMitpe L
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toan ra cong,@ may nén cao ap va tinh toan chi ¢hu trinh nhit fyl'. £ atoan
bLng ch trongc2B883.h3nh 3 (m

Hinh2.5. Trinh t tinh toan va cac mé hinh tinh toan
COM-m§&y n®n t €hmniay nérethprépyva dagap); CTt uabi n t €h
€ h n ‘gm t(apin thy ap va cao ap); Piltuabin chan\t; LC 1 may nérthbp ap;
HC i may nén cao ap; H tuabin cao ap; LT tuabin thg ap
KJI qu tinh toan t md hinh 1 va mé hinh 3 badm: nhit  $au tuabin

thp  § p. ¢ {uabin €hanvt), st tiéu hao nhién liu, cong skl ¢ a  rp
c h, & cd4b®nhyvithéng $ cung cib trongtai i u[115] va thuy} minh k thudt
ca rg [Xl#, thongsvdhhanhca g ch tr ° (Xemphu cHQ375
Khicdés sailch| ncfnhi uchnhldcach s | achn (hi usubcac may nén,
tuabin, bun g t, £ n thima séat,...), lam liént nhiu v , n gy Btheu ol €
kK/Tqu tinhtoan nhit  k hg EL tinledy, k/f qul L ‘& chip nhdh khi sail ch
d @ 5%.
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232T2nh to8n nhi Mt kh2 Ling vai LiZu ki
Li d, ng kh?

Tr ong céicabai ®an tinh toan chu trinh nthiva nhit k h 2 ng & a
n CTBK c¢ §t h#®&a nhg dung riéng.ca méi chidicong tac lafag s ( li
v, i khéng khi coiCy,=1005J / k g".i WKi,khi ttong tuabinCp,=1165 J/kgK [127],

[128]). Tuy nhién cac cong trinh nghiénwc L ‘«a rdady nhit dung riéng ca khi
bi/h thién theo nhit | A ap stil[127], [141], t r dmhg  mg@anhit &
rrt hhn.

Trong qué trinh nén khong khi trong may nén va gidtreng tuabinnhi t
dung Mg ngp Lk@bh It heo pﬁp*ela—lfﬁigé.'t'lrénn@ -t
[127], [141]: I” i v. i khong khithi h's L &h nhitk ph thu c vao nhit | T (K)
theoplehng tr 3 nh

k= . )
5 8 D (2:35)

V. i a=1,4294 a;=-0,091con Hag s khéng khiR=297,3J/kg.K
Khi Lt dthng3hgdpean gk ! ngec k@bl ph<€hng
trinh ph thu c vao nhit . T [K]

e
CM=R& —+ 1 (2.36)
p - > N * .
& ] E
e (8-1) - 1000

n"iv i khi chay thi h's L &h nhit ph thu c vao nhit . T [K] theo
ph€hng tr3nh

B - AT, T
=0 %&) b a; 1000 (237)

V. i bo=1,429, b1=-0,144 b,=0,034, con Iag s ¢ a khi chayR=289J/kg.K
Khi L't awhmghgdptagk 2 "ch&@kcim® phe€ehng
trinh ph thu c vao nhit . T

&
é
' 1
Cp(M=R, ? + R N 7 (2.38)
> E aT. O
é (- 1) 8 185, g+9 000 2
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233L1T thaywhAtto&8n chu tr3nh nhi Mt nCTBK
cva nhi Mt dung ri °ng
Cacthong Xc h oact r _

TsSting §pamaynéngy,,)dagtichts t £ n g a&dfy nén
thEd ap (0, ) va may nén cao apP,c): Peow = A ORt taili u[115];
Nhi t | dautuabinthh § p c t(abin cBan¥) T, t taili u[115];
L€u ° rig ghién liu Gt cH cho bun g~ tt tai i u[115].
2331T2nh to8&8n s_ bi chu tr3®nh nhi Mt nCT

Théng X1t u vao may nén
Ap sudlva nhit | toan pntd  Fulvao may nén:

2
o= R @ 4t mip B s T.=T 2 - v
TrongoThlkladpstinhit  Mah s L &hnhitkhéngkhica mting:t r €
Mship-S Machgataulin-h s bfotoanapsdl t riongd khii®h v ng L
c h. Mstéfdinh néncothwi/tild4  ph<€hnp€t sanoh

= & T =T (2:39)
Tinh toan thdng>ssau may nén

Nhi t  tan pfin i entropysaumay nénl..,,. L ‘@gilit ph€hn 27 r 2 nh

in?

 Toows Teous S\ f
Do = (;‘,I?*Ms bE:ISMs éo _]l-_g)oo gj (2.40)

o1 Qg -1 s U

| @(ao ) A 1000

C! ng gRentrody ca may nén

com”

Hc*:ovvls: ﬁ di*s :i:*COMs i*-in T*%OMSC ;(Gj cowl T inG LTP

Lo
n

€ g g ¢ | (241)
= R %IE:OMS é‘l'o + 1 T* u in _1 e O +1 1'

) e . Ms U € 1) - plin &1

f e (a° ) & 1000 d© @(a° ) A 1000 1

Cong nén khong khi trong may nén
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.
Loon =20 (242)

hCOM

I ©HLy, - hi uswic a may nén;
Nhi t . than pfnsau may nénT,,) " Edfit ph€hng tr3nh
LCOM :TC*:OM Op(-l-*COM) T-in CppTln) =

e e o @ |
:Rbgowl glC") 1 = 3 N —1g e +:L = 1| (243)
ioe @ UmGee dd YA ad
Ap sudl toan plfin sau may nénﬂéo,\,, ):
Peow =Peou O (2.44)

Tinh toan nHit i tU roc tuabin (nhM | dau buh g X)L
céongca hai ‘tcuaxb@ien tlheeo ph€hng tr3nh

— LCOM
Loy =—=M 245
Toh mTC O’lT ( )

"L OFcr -hiust ¢ h, ak huabinenay néng,, :% :(1 Ef) (10g,)-
A
h s ca | ‘ekhicly quatuabinsoiv | “@g khéngkhi qua may nén, ph

G i
GA(l- g ) vat | khdéng

c

thu cvaoh s | €U ngink#n liu dgp vaobun g"t @ =

kh2 Li | " niap§iGdGauabi n t h
Nhi t , thanpfnga d, n g ctadbih (nfitr, @aubln g I L ‘&
x §cnhlifagcachdi ph<€hing tr3nh

e o
e u
. € . 1 u
LCT = Rg Q é].O + T AT 25 l:J Cpg(_TLT) TLT (2-46)
e 2 u
1) O A b
¢ (2-2) 8 155, (%oo:o 8

Ap siHitoan pifn ¢ a dong khisaubm gt Ip, L ‘& x ‘@fct pth €hn g

trinh Py = Peoy e lice=0,965-0,975- h s blo toan ap stlitrong btin g " t. L
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Tinh toan MsX| _ u nginhién liMicva buh g X L
H s | €inghh@nliugx § mhtlp h*€hng taghhth ng®n b

&€, (1), Co(T) 108 H Tow) T@ (R T,
Qf min @’cc gcpg(T;) TgO Cpé( 1|Em) Tn 60
I ©d¢c-hi uswc ablin g t; Qmin-nhi ttr thgh ¢ anhiénfiu,l” iv, inhién
i u diese] n CT BK yvtahang khdnghi Qmin cO gia tr t ©h m@4290Q
4187Q 42950+43160 kJ/k§L27].

T2 nh t o8gwaldongkhil

g = (247)

Leu nggd d, ng khé ngdhivhy pEEShng tr3nh

Gf

Cp=——— 248
"o @ og) (249)

L ©u’ ng c& dong khi cfy qua tuabin chan v
G,=G.g1 ) (D a) a- (2.49)

2.332X8c LMNnh thtng sX chu tr3nh nhi Mt
KJ/Iqu nhit |, Bp stiitoan piin ¢ a dong khi saubm g” ttfl m, c2.3.3.11a
thong S Lfu v Wimh tdan fng tuabin cao agttm, ¢ 2.3.4 KJ} qu cdng quay ca
tuabin cao ap,; L ‘& d Y\inh todh thong sdong khigi. acac may nén va tuabin.
Tinh toan may nénip ap
Cong ¢ a may nérLcomb3ag t ng cong ca may nén thd apL.c va cong ca
may nén cao apwc:

Leow =L tic (2.50)

N

cCongca m8y n®ncca@h§jfi he® pheRngy nirreo |

| “@g trong b may nén tuabin cao ap

Lic =Lir Byire MR (251)
‘L ©Re-hi usl ¢ h, ak huabinemay nén cao ap

Mre :% :(1 gf) (16g,)- h s ca | ©ngkhi cBay qua tuabin cao
A
apsovi | “@gkhdngkhi qua may nén, pthu cvaoh s | €u nglnkeen fiu

G G
——vatl khtn k hz g&+;G G mst
GA(].' g) g gc GA g /ch §

C

it ehmg ~ 'yl @qua tuabi n, ngrkBong khi®@m mat.”

chb vao bun gt @; =

‘€
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C 1 n gng dntropy ca may nén thh ap
Hie =Lic A (252)
I ©F - hi uswic a may nén thb ap;
Nhi t  tbanpfnsaumaynénfpapT . L€ x86 Etheo phe€ehnog

he=Te OfTe) T GfL) -

e é o é I (253)

.. © u e 2.53
“rbr, @o—— L T 1606t |

7 é -1 x U e } Jin 9]

f e (ao ) e 1000 ¢ é(ao ) 4 1000

Nhi t . tban pfn 3l entropy samay nén thp é.pTLCS L ‘& x 8hcthed
ph€hng trs3nh

HiCszT*LCs Op(TLCs) T:in CppTw) =

e e a e l (25
é 1 u é 1 1 254
ET el T* u T:n 1 é O + .I_* |
: B e U : ] s
T e (ao ) & 1000 ¢ @(ao ) 4 1000
TStbtng §p tr Borago  risygifin®h@htng tr 3 nh

Prc ==& PLX= g0 ) (2.55)
Tin TT|:1 é(a0-1)+ai @s u
T e 1000 &
Ap suHitoan pffn sau may néntip dpp. L& x8& Eheo phe€ehn
p:c =p*|_c ﬁn (2.56)
Tinh toan may nén cao ap
T St tng a@dynén caoap,:
. _ Pcou
Puc =—— 257
" Pl (257)

Cacthdongsd , ng kh?2 sau mh&tinhirégngpho2a3iB.18p L «
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Tinh toan théngXcva tuabin cao ap
Cong gian n L3ng entropy ca tuabin cao ap

* L
H = HT
HTs /7

HT .cool

n"iv ituabin cao am t ng Ay = B Ol M =0,86 -0,9Z - hi u

sutil ¢ a fng tuabin khong lam matA.,, -h s [n h  hg€a vi ¢ lam mat canh

(2.58)

phun va canh cong tac it hi u sl tng tuabin @, =0,98 -0,9%khi
9:=0,03+0,08).

Nhi t  I'3ng entropy cli qua trinh giann T, t rong tuabd n ca
x8cnhl theo ph€hng tr3nh

e
. . .. A .. 1
HHTS:cpg(T;) D, R, nggl O+ - T % (2.59)
€ -1 B bt D G
8 (0-1) 4 5 B 1000 2
T s gi[m &p trong tuabicao ap
1
& T it
X 10 e HTs .. @s + [‘,!\_
T .aTg; bz ooo 0 bl 1000 % q \
Pur = T ’%I-» e o 3 T 26 T l}\J
HTs 1(; HTs —e +1 |:|A_
' % 000 8 B S0 BT
f & ¢ v (2.60)
e e . al -T.. 00— d
T é 2 HTs e O - D l‘j
o ) g %flooo i"( )P
pi rctg . U
E(bo ) 1)\/ - )Dé - a OOk ¢ bz 8q
! é 1000 1000 +g

tr ongD # 4 bQh Q

Nhi t  tan pfn ¢ a dong khi sau tuabin cao dg; L ‘& x &lcbag
cach gfi ph€hing tr3nh
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e

é
A\ = . 1
Lir =Ch(T,) § R, T2 06—+ - T (2.61)
€ (b-1) # O biatD g
é (B )hlooobzgooog
Ap siHitoan phn sau tuabin cao ap;; :
. _ P
D =— (2.62)
Pur

Tinh toan tuabin thp ap
Congg atuabinthip § pc Ux&ct pth€hng tTynh Lwgen |
gi atuabin va may nénlh ap
— LLC

L, =—F—— 2.63
o Myire Onre ( )

‘L ©fe-hiusl ¢ h, ak hugbinemay nén thp ap;
Ne :% :(1 gf) (10g,)- gc-ﬁ s ¢a | “@&g khilckay qua tuabinlih
A

apsovi | @gkhdngkhi qua may nértthap, phthu cvao h s | €U nginh@n

" udpvaoblin g't ¢ = G _vatfkhing kh2z Li Ebép'gcm&m§ t ot
GA(]" gc) GA
Cong gian n L'3ng entropy trong tuabin Hy ap
. L
H =T
s T (2.64)

LT.cool

*

n'iv, i tuabin th &p Mt g Aoy = A Qfgys A7 =0,91-0,9:- hi u
swHl¢ a fng tuabin khong lam mat.

Nhi t  tban pn 3lg entropy ca dong khi sau tuabintfh § pc xéice
U'nhbagcachdi ph€ehing tr3nh

1
+ > (265)

e
é

Hi=ColThe) B R, TR 6+
¢ (b B8 b

H s gifméaptrongtuabintih §pc Lx&kbly ph€hng tr3nt

o:0
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€ € AT, 0. T gl
T e At - R s S R 8
T, BT, 06401000 2 ™ 1000 i
p =— O O ¢ 3
o Lts 1¢ 'LTs A T 26 T, L‘H
I G000 0 % 1550 B
| € ¢ - d/
\ (2.66)
e e . al. - 0 d
: : 20, P T 2B) - D
I (b)) ¢ 1000 ¢
B IV0-PE - D bginon g2 oo b g
| g & ° 1000 ' g 71000 9

Nhi t . tban plfn ¢ a dong khi sau tuabintih apT,; t tai li u[115].
Ap suHitoan pln sau tuabin th ap
Py
T2 nh t o 8nglxt (tuablm chan
Ap sl va nhit  toan pfn td4 Fulvao tuabin chan'v "k € x ‘@ict L
ph€hng tr3nh
Poro = Pir Oori Toro = Tir (2.68)
‘L ©r-t S bl[otoanapsdl  t r dinng d4i't otuabin thy &p t i tuabin chan
Vv t(0p1=0,990+0,995, t r onglgpcob ghch [dchiQuthih s naytly h hn.
H s gi[m &p trong tuabin chanty

Pir (2.67)

poy = Pero (2.69)
Per

Tr ong HEisau®&abinshanwvbagtngapsti m? ng v tm @
apsil t r Agrti:L €
Der = 1 + 1 (2.70)
Nhi t  Kkhith[i 3G entropy sau tuabin chat(Tyr) € x &hchrad
cach gfi ph€hing tr3nh



55

¢ ST R
10 b2 PTs P bl @ b) + U-
. _ Tt aT., oe nQ 000 2 1000 @ .
Tore 7 T N U
PTs ’|[g PTs ebz Toro 8 r@ b +1 l:l-
i c1000 - 1000 d, (271)
e e . ar. - 0 d
i é 20, o T 3(E) - D
3 exp{ ( bl) %rctg Q 1000 - q
t-0V0-Pg Dggbzomq &2% Terg
& 1000 rd 1000 %
C! naog éhtropy,patuabm chan't " €x §1h:b igbh€ehng tr3nh
H PTs = C pg(T;'D) ®PD G pg( TPT T P( (272)
Cong ¢ a tuabin chan'v
Ler =Hpr, @, (2.73)

Tr o n der-hi-uswHc atuabin chan'y, n3n trong di 0,80+0,86.

Nhi t  tBan pifn ¢ a dong khi sau tuabin chan ¢T.;) &€ x 8hcthoitig
qua gl ph€hng trs3nh

&
é
. = .. 1
LPT_C (Tpm) Qm Rg Tmcfél o—+ . AT 26 (2.74)
é _ %T P y
& (8- 1) 1600 bzg 000 2

Cacthong XL § n h M gd8vah in CT B K
Congsiiica nCTBK

N, = Loy G, A (2.75)
tr on gm-bi-usEdll ¢ h, akudbin ch@n'vvab gifmt c
SwHitiéu hao nhién liu:
_ G, (3600

e —

(9/kW.h) (2.76)

e

Hiuslliga nCTBK

PR R -
) Gf CDfmin Q @min ( - )
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234LT thuyAt tkhiih ntyon&n truhaibMtn cao §p

2.34.1Tinhtoalmn hi Mt khaAglLtogbin cao 8&§p tui ml
B€c 1: n@ccaldong khitheo goc hinhtg a bién dhg canh va
tai i u khuy] c4o[135]vQgécth (i), g-c t&ch (u0) .
Bec2: Tinhtoanfifdin | €u t Yhcaanbed cFa)fngttuabin cao
ap Hinh1.2)t thong s hinh h ¢ ¢ a fing tuabin cao 4B{ng PL: 17 Ph | c1).
B ‘€c 3: Tinh toan thong sdong khi H Fulvaov ~ fu ta thit b phun
Vchfc d, neg tl2ahh theo phg€hng tr3nh | €u
cQT
S,(T)op B K
Tr o n gglalhrag sKI & | ach n theo tai liu [135].
X § ¢nh Bacthong'svQuaht c, apsti,nhit  ttonh t heo mg§c h-
c- Mp@n h Lig€anhit  fih s L &hnhitk
X§cénhth s vchiclt ht ng qua nhgymill €u | €

a, = (2.78)

_1
ak (T)+1 ) Ak (T) a4 , WP
& —— 0 1@Ge—F—F—
@ k(T) O %, (T')+1
Trongsléhnhitkel'®e x8d Fheo p@3hng tr3nh
Ham ap sHitoan phn

a(/.T)= 1

(7
p(/.T)=2 B lfg(T—)l 7 “;é;(”'l (2.80)
po@ k(T)-1 9
Ham nhit | tban phn
N T ky(T')- 1
T(/T)=m 2 _—kg(T*)+1lz (281)
Vdh f ¢ am thanh ti hth
L [2k(T) L
a[h(T )_\/W)-l g T( (2.82)
HsStong pheKxy® tr 2nh
. ki(Ti)+1 ]
5, (T)=m 2 () (2.83)
&(T)+s1e R
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B €c 4: Tinh toan &h f ¢ fu’ra banh cong tac va cong quag danh cong tac
Vchfc flragadongkhtd b&nh ceng2néctb®n th
tr3nhnd@88vi €h” mnigeq u®mL t r onag fulién tagfe
thi/} cac thanh pfn nhit | T2, ap st p." trong cac hani2.79) , (2.80), (2.83) co
giatr blagTo', po'.
Congquayca b&nh cetnggth§d¢ hle® ph€hng tr3n
L=u @, uw, (2:84)
Tr on g,y wet €h mglawhfcdaivehfc t €hthep chiy quay
td Ful v Fwra bath cong tac. Cac giaweh f ¢t €h thep chiu quayw,
hoan toan c6 "k § cnh khibifvchf ctuyt " i Eva goc dong khi.
B €c 5: Tinh toan'hs gifm apnhi t  , Bp st sau banh cantac
T kijgucongquayca b8nh ¢! nmh t §geant@py ki@ L
cobng cob ich trén tc (Ls) bag cach nhanvcach s ¢ - 2 ¢ h ngtX&k nhgl
nhit  tban pln 31y entropyTzs sau fng tuabin Bag céch dii phehday] tr 3 n

e
e
1
H. =c, [ _ 2.85
(%) @ Cglbo o By v s % (28
1000 000 2

X § ¢nh Bhit | tban pfn sau banh coéng tae’ t_ ph€hn gl27]r 3 nh

e
< 1
L=cy(tE)® R 1& © * T % (2.86)
é -1 @
& % +bl1000 b290009
H s giflméapcatfng'ssL& t2nh thefd27ph€hng tr3n
1
é ) o)
T Léndt= 8 Ty poa g
_T, (AT, ©é - 1000 2 ™ 1000 5 ;
R og™ . )
LT i G l2s € atT % T. E}‘J
! é 0 s O np+ U
,l g ° 21000 ¢ ™ 1000 4, (287)
é e . ar -T,. O d
] é 2, = 6f0) - D §
i (b)) & 1000 2
% expi (1 D?rCtg s 'I? poy T H
~ - - a .. .. , .. (0]
e Pe o ngron Gewige b &
| é ¢ € -
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T kifqunhit T2, ap stip,
t o §nc b4« 5SloiEp®lt ikhik/lqu vQuaht c, ap st nhit
ra banh cong tagm tinh sau sai th khéng qua 1% sq vkJ/1 qu Ifn
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trong betad LLbLvietmh |
CtE Fur
t 2 gh Ltr €

2.34.2Tinhtoalmm hi Mt khhagilh ngdbo 8&p tui c8&c Li
Becl X@kquldvih c8nhcaoheo L
C8§nh tuabin clng nhc® ¢o®anktheomyyd vib®n t
canhciaer™=const t r o.Regthabh pfin vaht c trung binHCu-ave=(C1u+C2u)/2)
theo ch@u quay €  ¢ao c6 ban kinh sq vtam lar, mlahs Lo t r €ng cho
lud vHb. VQnguyén éom =-1,0+1,0. T h 1" mgtrongn@ tuabin hin Yleo
cac quy ldat vH canh saun=1 - I nh lud b[o toan tgfn hoan;m=cogy - L' nh lud
g - durdt thi b phunla fag s (Ui=consd [135]. Trong nh ng ¥n g Fu kién
quy lud m=cogUit hreg "¢.®gdng h hn vB[mblo tinti cong ngh
canh phun khéng bvHh, d dang b tri h th" ng lam mat canh phun. Bésich L -
goclbc 1 n g n g h &&i6h toan sao cho 1&g $§ LWWm blo tinh cdng nghc, a
canh phunfing t/p theo.
Bec2:X§ cnhikchfcdctrctd ful v™  fu w'a tb8&nh _cchong t !
Vchfcdctrec fU v fw,r'd&d Ix&dbd It @gngt heo c¢c8§c |
trinh [135]
e M1 (\:)L T avg)z gléir' ::m S +
| ™ (Gane) & che = g
Ciaoi = Caave P (2.88)
m-1 .L . e 2 '8“)
2 e 16r,.,) & - 5
[ sy o g o
FESTANEWTE
| ™ (Cawe) & Ghe =
Coaei = Coa ave P (2.89)
m-1 L ) ¢ g, §7
B e (10, st-'ave) €l - D
\ m+1 (o) § Cle -

Tr on Giaalk, Gaave Va f ¢ d ctr ¢ trung binh#  fulvao va’fu ra banh

clng tS8c

' §n2.8.4.37ik bam kinb $hngttegb h i

L a n gaetbédnn h t

(
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kinh mHucabtrung binhy stave T bt pHn | ¢ t4 mHucabtrung binh i, .= Cﬁ-ave;

ave

E: L 5t r 0 nugve- Ucdh t ¢ daitrung binh[m/g.
(uave)

B€c3 X&@lkwhlfctuyt "ik, t €hnag £ r Ccao khdd&nbau L
k hi JEvahtbd ctrcvacac géc a dongkhi.

Bec4: X@lcthotigsapsud,nhit  ¢a d, ng kheaokhéc® n ¢
nhau theongh™m kh?2 L

B€c5 Tinhtoan géctuy il lfu ra b&nh c'ng t§&c t

— H é‘CZa

a,=arcsing? .
¢C

B €c 6: Kivth nghim 1Y cac h s L' « a thn bag cach so sanhdu f ¢
quay tinh toan theo tam gidehvt cv ivah f c quaythc vt [115. N/psais | n
hhn 5 % HiksLoaagnadthifn| achnlfcach s .

ao

24LT thuyft L"ng dlng trong b~ i to&n tr
Tra o irhi tgi a dong khi va®mtuthanh vachen bao gi ¢ 1 n dpai tbén
f ngh pcadbahinhthc: dnhit,t r aimhit "il c@gbc Vi L<€u
t nhienvab cx4T r o n g’ inhita @ cabh tuabid “@g nhit truyQ theohinh
th ctruyinhit "il k@b cchint ' cao nhd | “@g nhit truyQ theo cac
hinh th c con H rEinh vacé tih qua. Cacbin  p h § p* ntgt nt'gr nhca L
L©y clnogohmmdvihh tEmg ¢ €hia il | QW “ctfirao L
nhit "ilL | €ewghbc €
Tr aonhilt il | €u | “dlypl §tthtcd tAND dj w va tinh toan
ly thuy/y thong quahp h €hng t rStokesyadl b m § &eghiéntc ihbg
thcnghim tr °n “mgdhgRdtbhguyenmu . Qu § f imhAi htlongt r a o
L'ng ch tobialpHn, tlua mign ¢tEt @uahién cu trén mé hinh
Fngdhg, | T d & kinphong thi nghim thiithit Id nguyén i vQ
nhit  ,L | “@gvakp&tic adongkhiBagyithéngsth cca Mg ch tualt
rfi k h- kinthn L - b °ch anGyQkdlm £ Im g nt &apcac €m birh va
thi/t b th nghi m.
Khi nghién c u cac qué trinhat ly, ly thuy/t ~ ny dchg cho phép B di n
cacthams c6 th nguyén thanh catham § khéng th nguyén. S 1 “@gtham §
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khéng th nguyént h ®gnh h hs1 | “@g cacham s c6th nguyén W h n[n g |
h- aQK nth nghimvavi ctimraquyldvdly' L ©gL Isnflnghhn. M
qua trinhvd Qi c6 thAvmd hinh héa Bag ly thuy} “niy dh g  Kh blo dac
I @ ki n * g dhg say108]:
WD n ngdhgvQchl "h &, c¢- nghinmcotungphctivdtyu § t |
v ™ “db®idinbi c¥%ng c8&8c ph€ehng tr3nh vi pho
2)nkb tr.®ng 8c o wm&dhy grephlhgi’ iy nhau, ngd tr s
sai khac Qcéac fag s ;
(3) Cactham $ " ng dthg pHi c6é gia tr bag nhau.
T haiQkin Fllcothhéirag c &c qng8h ¢ r €bBhdj i
bi c%ng c8c phe€ehng. ngdyhnuwkin bigthkeomgthk ht n g
nguyén. Cac ham toantikhéng th nguyénca ¢ § ¢ ¢ nggdhg pH{pghrg L
nhau. Vig ¢ thwhhn | "Nuthr onn g p h @BOha(i gi’ ngnimabi céac
mé hinhl” ng &ch g, ng th i thanh pkn trong ham\u phlli gi’ ng nhau va catham
s 'ngdhg Re, Pr,Gré )ca c §c g mngdhg ad yiditbad nhau.
Trong qu§ inhrtshrahi tnrt a ch 3 thdiing Wi khil et
chly trong h L' ng dhg vQmruhinh he  vitn bfd td m i v tri va th i gian céac
thbngs Lo tr €mhy g€ qu§ tTrrigdmgvel mdhal nqhe t
nhit ,lchfc, apstiimd  ,thongsvd | T , €08 hie bqua trinh trao
Uinhit il | €u thanos Ling ¢hg eQmibhinh h ¢ con baogm:
- Tham $ [ ng d°hg vQk h 2ng Re, Ey
- Tham s ' ng d*hg vQnhi t: Nu, Pe, FoGr;
Trong Eb tReenl gicaH o quén tinh va Ic nh t trong dong
chly , L®©y "~ LW §n thadhyith& dong dthg cHy tfng hay cliy r i. Tham
rES ﬁ i(trowfvdlfcgadongy i khi ~ hg@&éng
cadong)lHb t r ©nlggi@hposkit t g nng | cwo wh f ¢ dong khi gay
ra, n6 c6 mi lién h v i s Mach (M), wu la qua trinh cliy trong kénh #n

s Euleri Eu=

Eu= ( t r oqpd L lthénh ap trong kénhd). Theotai li u[108], Euvam

2
0

[nh “mg@inh ti qu§ t irhinttrong dore ofiy L' d &n MQ,7).
Ch's NulFo tr €©ng  iath b b@mHahanh Ba v i chHll ng hdb
chdl  kh2°ngn-dd@ndl@n thong'stkb tr€ng cho iqhi € tr 3



61

. , Uyl . .
i 1Tiean.$ PecletPe=%T( t r ohigchiu- droi t I, €mdhinba

i h s khwkhtannhit)t ' gi anhit °~hg@uyqr il | €d¥ nhit. Tham
s Pelatich ¢ aRevatham s PrandtlPr: Pe=Re.Pr T r oPrr g= 3/ vA @eng
I3 ,ilenht nghc vigl&hc, Cinhit dunghgapdimg L
dn nhi t) 1a thdng s va Iy ¢ a dong méi chl | i v Li chiikhi c6 thanh pfn khéng
I i thi c6 thAtoi Pria hlag s .
Tham § FurierF o = @20 H t r €©n ggiao tHy ¢ & duéa trinflv, i
th igiantaidh t r ¥enhit r ¢a mdichdlo?/a, né6t | thuhvi b3 nh phe
k2 chc tth@ r € qugheh'vit danhit ¢ amdichi Thong s nay
I ‘& dung trong qua trinh nghiéne q u § t it tkhdng @ onb (ih

. bDTI A . ;
thu c th i gian. S GrashofGr = 9 = O _(tr on i diafcting ~ ngrb€h

S gidn n thWich, T =+Ti L, chénhnhit , dia th” " nh v§&§cHhi)v"™ d
LFo t r ©ngg| cohudihi mtrong dong do khac livOmd | Kkh'i.
Theotai li u[108] LH t r €n gnhitt gi aaond khi vi bQmiHuthanh
v8chcbiwalin ddhg phehhngquatr 3 nh t
Nu=f(Re, Pr, M, Gr, For, T/Tr, Li, € 5, X, Y, 2 (2.90)

Tr on@iciis ¢ adongchy; wi ch s trén thanh vach::, é 5illHb t r €n g
cho céac théng shinh h ¢ khéng th nguyén ca h, X,Y,Zt a . t ‘©h nidghong
th nguyéngca Mhtinhtoan.My x ®t g u §inhit" # nnh theorthagmn L
gba d, ngidnhyibQde t h”  nh v&ch (2OME thiiddehng t
I ‘& cac thanh gn Fo, Pr, M, Grn iv.i qu § t ri ahnthd ntamgplan L
phic - t ©h nagdong ghan vg dong ngang thidusselt |a ham' scé dhg:

Nu=f(Re, VR, Tw/T;, HID, S/D, DIR, X, Y, 2) (2.91)
" L ©RsT ban kinh cong.a kénh &, f s D/IRsLHb tr €ngoalgo tiEhng
¢ akénhd ¢ - itnini addhg thang phan ph[27].

Theocong trinh[103], k h i hai [nmdo hreaiki ntith nh&ila co
mtthong s c %n gcvitdimt phehRg=f{ B3R hR., Fth
hailalfmbfo P = P,i=1é n, k h i WJJluddhai ma Hinh e, = B,

L ©y anslca m?! “mg dhp; pilhguyén md . “iahi/u v i mé hinh trao
I” i nhi t¢ aludh an,cfn xay d ng mé hint” ngdthg L[m blo cactham § Y1=Rs,
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Y,=VR, Ys=Tw/Ts, Ys=H/D, Ys=S/D, Bs=D/Rs ¢ a m?! ‘g dhy bRig v
nguyén ifu £t h u c kipgu Py =Nu™ = P Nu”,

25K/t Chehng

Qu§ t r 3'nhitga @RCA l& qué trinh ple tt, bao gm qua trinh
nhit ngga d, ng kh2 n-ng v~ d, nignhikdiadohg m m
khi ndng vi bQmHsbén ngoai canh, ga dong khi lam méat, v bQmHybén trong
canh, qua trinhXh nhi t t4 phfn kim 104 ¢ a canh.Cac qua trinh naj ‘& gill
quyl “ngthibagm?® h 3 n'tinhitdiémb p.L

M h3 nhinhitriénd p L'lc®ydngtréni@htfngh ph€hng tr 3
NavierStckeschokhi k h2 ., ph€hmgg ntnfgo BhEc©Omo hinh
t r aionhi £t9 | p biéngi akhikhivakhirda. Hfn nay ph<€hng ph
V. imd hinhtiSSTt heg ~¢s€ed ngvisais  m cchi nhch ‘leGuy cod
nhiQu pfFfn MQn  n h €M gnQrpANSYS CFX thong dng va c6 nhiy  €Wwh L i
nénl ‘@ luchanlachn Wiili b~ i tiom@bnay r ao L

n@kin bi°n tr ongnhntliénhp k& thony s dany khi (4p
sud, nhit )L LFu v " dura¢amb hinh, cacthéng 1 ~ y~ c tin@ toan_t
chutrinhnhitg a ,l’g ¢ h himh'nhitm!ng ¢ a fng tuabin cao ap.

Lythuyl “ngdh g tr ong bBinhitcuny&in & khaesh c dho
vi ¢ xay d ng méhinht r aimhi tdthgtein pingl ngdhgy, imt h3 n'h tr a
nhi t ¢ a kénh & khong khi phiarong! €1thgrb b ng) canh ¢ thwa thdng s
hinhhc,k h 2ng¥athong st r aimhi k(s Nussel.
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CHUONG3.XAYD- NG MD HCNH “TRH'Or CHO CANH PHUN
TUABINCAOAP n, NG Cu DR76

3.1.Cacméhinht rao L i nhi t

Nh€ L[« tm%hslcéccdngtrinhnghiéna t £ mglamcnét
canh tuabin Bag mang phan phicé thws d. ng moé hinh nguyén ¥ canh héb mo
hinhvd  Trg diig. S d ng mé hinh nguyén ¥ canh[68], [69], [70], [106],
[136]nhAan L ‘€ al} qul &u i klng la phanbnhit | 1 r c&a sau khi @ tih,

m c . tithi n¢ah s lammatd. Tuy nhién, khi's d ng mdé hinh nguyén X
canhdgpmts kh- khtn nhi@éacthdry's[nthh dgéhed y mun,
kh'i ° hg@nh toants | n , Ho lti t kho th ¢ hi n nghién cu b3ag th ¢ nghi m.
n" ng th i, cac cong trinh nghién a trén ngugn M4 canh c6 tinh ing quét khéng
caoMpdhg Vi ond c§nh ngdinsghién dutt Lfu.

Bendh h L - ¢ i@mghiéecus mmgmé hinhe 7 nig o, md
h3 nh ‘rcolyldl € €hn g, ikh®©hndgn W L mglantn@&t tré canh
(chiti]* mc1.4.1.3.Kitqut huct @ hinhvt Trgdhglah s trao
“inhit , L ©y ~ ltriing dian uargtngscéln h “mg@ ct/ptinhit L
trén canh tuabin. R qu'n ~ y cB & n gWLl€a r fhdcéo lud g ‘rcgle
cho nguy&n u canh. Cac md hinndv T rig dtig c6 tinh"tng quét cao vi cac
thong S LQi bW di n* dthg khéng th nguyén, c6 t ng d ng vao nhiy " il
t “@g canh, cé tth c nghi m trong phong thi nghin ¢ a cact T neg U i c.
Nh€n/pchd ng° méhinhvte  Trgdiigthi€kht ng L' €&jqua L€
cuicunglamec | €fithi ngah s lam matd, phan b nhit  t¥én canh.

Milod m!: Q3oh ©uc Wi rn g qutoandin h hn
luchan xay dngd hai m! Hé#nmhik ,t rlao I : "mmhitdhd nh t
nguyénnds CP CrAg Lc h "D ®Rblaéno himh nguyén M A - Hinh 3.1a) va
m? h 3 n’hnhi tdthgotan pHn g~ ndg dhg v | kénh g6 khdng khi phia trong
| €ng ¢ § n h nd dhg B-MihBAb). Kl qu 't h u ¢ L @6 hinh nguyén
mXu Alaphanbnhi t | V& ng swEnhi ttrén canh (#hg thai nhit ¢ a canh phun)
nhan x 8&nb cat khu vc trén canhfin  t £ mglancnét, cdng clVWkay d ng
mé hinh mé phng la pffn mQn ANSYS-CFX (tinh phan bnhi t | )a ANSYS
Statc Structural (tinh ng stinhi t). Ngodi ra mé hinh nguyén A cc¢c& L €
d. n g Wilh toan tkhg thai nhit ¢ a canh i ti/h, so sanh R qul’ v, i canh nguyén
bin WL €a r Blud @bi ulgu't £ n’gng l&n€mat.



64

— - ~
5y
P B L=
/ ~
- 0 X Tam dich
—dong ngang Z H
e dong phun
AN w0 AN
\IL} NL 1 T ~I T
[} =

Mang phan phdi

b
Hinh 3.1. MHucdbcac nd hinh nghién cu ¢ a ludh an

ai M h 3 n'hinhi ttrénoxguyén nu canhphun(M6 hinhnguyén i A);
b- M6 hinht r &imhi tdthgthin pHan g* ndtdthg v i mé hinht r dimhi tg a
kénh a6 khong khiprd t r o n g (Mo@imtg’” ng dhg B)

KJT qu tinh toanchothby, khuvc | €©ng  ICP CAh LDRT16 Lc -
cao ntl (xemmc4.1.1.9 cfn  t £ mglantn@&t cho khu \c nay Bag cach b
tri thém cac | phun khi trén mang phan'gh. Do L ¢h An x@iyrdognmd hinh u
vd Trgdiigyvikénhoq khing kh?2 (pnit2 ai Abndigd®- ¢ § n h
Hinh3.1b). Cac md hinha Iy ['ng dhgl’ ‘& L' hmhoag@mibhinh h ¢, trong
t T n@ h p nay, kénh a6 khong khi phia trongg8n g & @&nthay tHjbag mo
hinh dhg t5h pin g ( m* ™ ndvdthg B) vi ban kinh conga CP CrAg Lc h
DR76 1aRs|. N h h r1076@n7soyi ~ hgkinh) phunD. T2 nh #gag L
vic rdgdh g n 7 cokhyl génhitrong cac cong trint22], [34], [36], [47], [86].

M6 hinhl' ngdhgB L ‘& d YWih tofinhs t r aimhi Lgi a lQmMH
trongga | €©n g idong khbndki phun rat mang phan ph. Cac K} qul nay
nhan x 8ich Lk 2, ¢ va b ttrhc& | phun pho hp trén mang phan ph’ | €n g
canh. C thW = xnghc” Mig®RinhD, _blet €hni®/Dlkhdng c8§ch t €
I"i H/D, s | “@g| phunsaochohs traol’ inhitlacaonki nh€ng khtn
t £ ng *hg@®bdnglklam mat s a u JEqul nay £E ‘&kap d ng LWhi/}
k)14 mang phanpica CPOWy Lch DR76.
32.XOy d. ng rmato h¥nih nthi ~t bcihno ccaSon h§ pp hly m gt
baJubng ANSYS

MOéhirh t riahdt Lcho c¢c8&8nh phax@ydngvdn g S&F % &
chinh: Xaydng m! h3nh c¢8nh v~ d, ngtrokgiARSYBa o (¢
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ICEM CFD; Tinh toan, la chn s Ii u ¢ a cac bién va a ch n mé hinh trong
ANSYS Setup; dji trong ANSYS Séaution; Qun ly va x ly k/} gul trong ANSYS
Result.

Trong ANSYSC F X , chibh xacca kifqu ph thucch yJu v ™ o ph<€h
phapxaydn g mt h 3 n hdaganmdmihhdl %inlg lhg (m& I@nh cadh
v® d, ng kh2 bao quain i Ho cq héethigheokhughp c hi
cdova phu hp v i bai toan, | a chn cac mé hinh (md hinh[g mé hinht a oi L
nhi t, md hinh i, mé hinhl. p bién. Bén ¢h h L - g scc8acctdlkhi co vai tro
nhEl ‘niitrong vichiuchnh ki gu, n ©n.gc hc2anoh L'x &t achiNmoe v
hinh mdé phng va cac fag $ chil  k\WkpRU AP v | b " i to8nuldaang
vi ckhéngd, dfn ¢ -c hibu€hinh va kixh ch ngk/T qui tinh toan

nWhi u chnh va kixh ch ng K} qu ¢ a md hinh mé pmg, caccong trinh
nghiéncu L « s /®@qusm®pthng ki k/1 qul th ¢ nghi m [28], [46], [100];
sosanhyvim”™ u sbiemngl61], [81] hotb W/} chay canltj69], [136]s au  kdhi L
c h Gh oW. Vi cth c nghim trén canh tuabin I&/hs c kh6 ki n |, * ntgh"® €
qua ki n £ n_@ cac phong thi nghntd ¢ § m g & Ht c@én khdng phi cong
tr3nh n" dnthdghganghtm kthr ° n"i ° tig@ghiéti cu. Do vdy
nhiQucong trintnghiéncu  n[28]g65],[98], [106]° « dsng K} qul'th nghi m
t r°n ¢ §nWiivMehmdgmdlhinh ni6 png.

Céanh Mark Il 1a canh phun tiéu cy lam mat KM "Il ILeu dtie
nghimvacong bk/pqu b iNASA[52]. C8&nh Hn Vi khriyuvallam
m&t t@bhwig CPMAY Lc h D Rd @n Stifhrtoad md phng cho
canh Mark It €h nrgh € ¢ § ¢ [23), [65], [98],[1060Lh«  t K&'i trén Khi
k/T qul mé ph ng bam sat R qul th ¢ nghi m thi c6 tltoi piFn mQn va mé hinh
moé phngl «&ydng ¢l tirlcdy ,. kil n £ n\Wi/hthanh mé phng cho
CPCANnd ch DR76.

321X0y dxng m!Yih3nhi Mr aoMaklctE'nrhg pphhutnn m
ANSYSCFX

3.211X©y dxng m! h3 nbantMakbb LnYg ARMEWRE cho
Vi’ cxay d ngmd hinh mé phngl. ‘& bdy Fulb?g cachxay d ngtréncanh

Mark II, s asa satih-R qu md phng v i k/T qul th ¢ nghi m ¢ a Hylton va

c ngs [52]° ch]l, ficode 4322 run X6 Trong qué trinh thc nghi m, Hyl t on

d¥h dong khi néng tbd’ n g~ t Wao 3 canh phuMark Il (Hinh 3.2). Canh Mark II



66

la CPCAlam BRag thép khdng'gma ASTM 310cac théng'sc h[nba ¢ §8'nch L €
thWhi n trénB[ng 3.1, bién d-hgcanhl’ ‘& bW dj n trénHinh3.3[52], c §mrh L €
lammatBa g c8ch ¢ ho Kk h xuygntdniish3B)i qua 10 |
Vo chiu luc

. 6ng dan
H¢ thong vo1 phun :

Bugi R o Flame  1am ma
khi thién nhién FoliiF Var}h

/ chuyéi tiép

B6 tang d6 roi
/ - Van djéu
{ | chinhdaura

I i 'ﬁrJl_F_l |
Pau vao A Vo1 phun nuée
nude lam mat ; Da}l T 5 R Exit probe ¥
nuée lam mat  Pau cap Bt trsvers
Puong khi nén c6 van kel Tyt probe system TE8O-513A

diéu chinh ap suat Day 3 canh phun
Hinh3.2. & th clhghi m ¢ a Hylton cho canh phun Mark [52]
B[ng3.1. B[ng thong s hinh hc  cling abcanh Mark 1[52]

TT Tén thong $ Giatr
1 |G cHu(Setting anglg [ U] 63,69
2 | Goc thoat ca dong khi Air exit angle, [ L 70,96
3 | H ng canh(Throat),[mm] 39,83
4 | ChiQu cao canhimm] 76,20
5 | Bccanhmm]| 129,74
6 |Bankinhcongca | €n ¢mmt 8 n h, 159,35
7 | Ban kinh cong_ca h ng canh[mm| 129,49
8 | Day cung bién ehg, [mm] 136,22
9 Day cung bién ehg chiu Ién d ¢ tr, ¢, [mm] 68,5

Kipqu nhit  waapswi t hat hl 8 ng dm bih g trén lmHb
canh L, cao trung binhHinh3.4). K/ffqu h s t r aimhi tt4 bQmHungoai ¢ a
c § n hctith® d li' unhit = HOmMHcanh va nhit | WFu vao ¢ a domg khi nong.

Nh€ L'« rn°-n, icHi a %lgargirndg twng vic xay d ng mod
hinh trong ANSYSCF X, t r o nmthilfldtibhativdg | T v~ ph<e€ehr
chi.a,| @nhfingthW €c hiicc bl kBhtrachll " h ¢, ilL&h ans
d ngcéng c ICEM CFDtichhp trong WANSYScL chiBRolp€
bién cé s bi/h thién Bl nvQuaht cvanhit L ¢ h o, itH Rhov d gf@ vach
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cfnchiamn hhnngGtdm® | nfl atci &d@)hhvgil§€thtng
khong th nguyény* [11],[13]. L p f. t i ° day tO®mn VImbloh s
y'~1),f S t £ n glayll,2. Ngoaira, hit ¢ca .I €©c 1 n gc kiMitral\we

k/T quf khéng sailchnhiy  k hi  I{@& g gl €

129.74 mm

Vi tri dat cam bién ap suét

\ Vi tri dat cam bién nhiét d6

Hinh 3.3. Bién d-hg canh Mark Il va cac Hinh3.4. \/ t rRcmbihnhit |
bién ¢ a dong kh{52] ; va ap stiltrén canh Mark 1[52]
Trong pn | n cbng trinh, vic ¢ h i mHuUNBoai canh tuabin va may

n®n”  nghddgdl tr Yc . Tuy nghhpic&nimtuabin cd g mat, ba@
g m d kénh a6 dong khi bén trong canh cé hinh danggtép nén khong pfi lic
n"o clngdhgil @€y. Trong mmytdhd s H ngkisdn g x «
lai Hybrid gi a dali triic va phi & trdc. Qua ko séat thyy rRng cd nhiu cong trinh
xaydng m! h 3imH tchorcanbtuabinsdng c¢ §c hi cHyibar il d& n
[40], [54], [61], [63], [81], [84]. K/ qu' | ¢, a mb hinh cAnh MarK (Hinh 3.5)
c- hho h¥%tr v updinin 4 tri

150.00

75.00 225.00

H‘|nh 3.5. M1 h 3 Sni tnon@pms I J 7500
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T c8c ph®©n t2ch trong ChehRAYNSVWIimg~™ Ch
hinhfi S S | acken, tuy nhién Idh &n tinh toan va so sanfitai mé hinhri
SSTvakU _ith cnghim Vikh3 g’ nhld 1 achnméhinhti SST Idii L %n
Méhinhgm fii v o d ., ng ful& ¢cadony ghong &h§lam ntidtfu
rav icacthongsl ‘& li tkétrongB[ng3.2,B[ng3.3.Haimtb hai cthiffn L €
I dchg fignewokdddi m? ° thAdnh hhQut rc § hchdp LQGEKQV. i
b & canht=129,74mm.

Blng3.2. Thorgs ¢ ~ K Im*  h Qurkihn biér ¢ a Hoing khi nong dly bén
ngoai canh chjl, ic o d e-r 4 8 752]6 0

Tén thong $ Kyhiu [ L']h Gia tr
Vd i u canh ASTM 310
M6 hinht r aiahi £ Total Energy
Dligiatr y* o1
Mo hinh r i SST
nQkinhit 10°
Ap sudidong khi Lfu vao Pg [kPa] 263,94
Nhi t = dong khi Lfu vao Ty [K] 777
Ap sudldong khi Lfu ra p1 [kPa] 158,05
nri d,nfu ban Tu [%] 8,3%

B[ng3.3. B[ng thong s cac | lam mat xuyén tam canh Markuh khdng khi lam
mat chj]l, icode 4352 run 160

L. s |n®€ngkinhl ,[mm] |[Nhit  T.[K]|L€u’ ng&,[g/g
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 4,71
6 6,30 351,02 4,52
7 6,30 368,07 4,31
8 3,10 416,48 1,62
9 3,10 446,90 1,01
10 1,98 480,14 0,633




69

3212S0 s8nh kAtvogat agad pth¥pyg nghirMimm €1 6coh
KJT qul md ph ngéap stdl, nhi t | ‘LmkHucdbtrung binh trén ®mHungoai ¢ a
c § n hc bluM&j n trénHinh 3.6. K/} qul trénHinh 3.6a cho tiy ap siidic a d” hai
mé hinh ti SST va kUcho KT qur gfn  n h ‘©nhauvassaigso v i k/l qul th ¢
nghim ( Hg@&EXP) khdng quéa 5%.9 cac v tri chuy trthg thail, p biéntrén
| €ng cBxiLiF0,4339®M,5149kfguica m: h3nh SST .¢h2nh
mo hinh kU
1.2

1 B - - L -
rTE L
Cin0.8 B T O EXP

3 z
=06 4] I~ FIE—F g -TT CFD SST

0.4 T \Jm CFD kU

0.2
-1 -0.8 -0.6 -04 -0.2 0 0.2 0.4 0.6 0.8 1
x/L,

0.9
0.875
0.85
0.825
0.8
0.775
0.75
0.725
0.7

CFD SST

........ EXPi3%
O EXP

CFD kU

T/811

Hinh 3.6. Kish ch ng KT qul mé ph ng v i k/T qu th ¢ nghi m trén canh Mark II
“chjl, icode 4322 run 160
ai ap s bQmHungoai canh vi b j 5% bi Nhi t . BWQmHungoai ¢ a canh;

(Lx 7 chiQu dai daycung bién ghg theo chiu d ¢ tr, ¢ Ox Hinh 3.3);

x/ Lx<0 ngwemkhbgng; x/ LxpglimHehheng)

VOnhi t | BWQmHtrénHinh3.6b cho thyy  ° L@/} qul md ph ng bBRag md
hinhfi S SThg CADSEST)vith cnghim (& EXP) tuyh khtn
n"o tr%ng nhl@onhrmhhan,Bndgstfaii * gE@n6 phng pHn anh
chinh xac quy ld ¢ a " Lng&h ¢ nghi m. K/} qu md ph ng bRag mé hinh ri k-U
( £ ® CFD kU ¥ho KT qul riichinh x&¢ L Bhx/L=-0,6+0 vax/L«=0,45+0,7, tuy
nhi *nmnhit & khéngn ml i ¢ §chvWQpnii'2fal L€ng ¢&nh,
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cc Yt khuve n "y "¢l maorigs@sr3 %. " ngthik/gunhit L
“Luti ¢ §n hchlenisawi k/saalith clnghi m. nanh gia chungmé hinh
riSSTchokqunhit, ¢h2nh x8c hhn.

n“iv.ih st r ainhi £t bQmHubén ngoai cantHinh3.7), md hinh Ti
k-UL €a g colsaist @by illn, covtrighh 2 Fngiatrth cnghim. Qn i
n"y ‘Lcednd tdhh104], [105]khuy/h ¢ § iov.i k/Jngul md ph ng bRag md
hinhfi S S Thg CADSST)saissovik/iquth cnghim L 4nkpohg qua
20%hwe cONhng ving sai'snh h hn 1 0xh=0r-0,1a 0,3-1. Ch c6 vung
x/Lx=-0,45--0,3sai $ v @ q u §g 20%.GFheo cong trin52], k/F qu L o & L
va tinh toan_ca Hylton WQh s t r aimhi bco sis Iént i 18,8%.

1.2
1
0.8
12 O EXP
= 06 O - CFD SST
= 0a | 5 e eSO N E) T e [ EXP+20%
‘ CFD kU
0.2

-1 -0.8 -0.6 -0.4 -0.2 X}I)_ 0.2 0.4 0.6 0.8 1

Hinh3.7. So sanh’'hs t r aimhi £t4 bQmHungoai ¢ a canh khi mdé pmg bRag
mo hinh1i SSTvakOv i k/qu th cnghim® ch]l icode 4322 r un
T vi ¢ sosanikJ} qul ¢ a mé hinh mé pmg v i k/} qul th ¢ nghi m trén
canh Mark 1] c6 thAL. €am t sak/} luch sau:
- Vi’ ¢s d ng mod hinh'ri SST cho m hinh mé phngcanh phun tuabig a
luch &nla | achnphuhp h hniméd binhvik-Uvi né cho K} qul chinh xac
h h, Holbi t khi xét VQk/Tqurh s t r aionhi k& , Qu tidyl Yanv.g khuyh céo
trong cac cong trinfiL04], [105];
- M6 hinh m6 phng canh phun tuabiray d ng bag pHn mQn ANSYS
CFXviph€hng ph §mdhRANSST gho sai'svQap sidlva nhit | L
t €ehmgnhhhn 5% v “vQl %t rsaamhitish h hn 2 0@ingn h i
nh hhn Sd&% ahstr aimhitcon]n | "¢ Mhe®ungca ph<€hng
ph8p RANS nigaWweégaisnh h hgnscdng ph€hng pbh&p I
LES ( nh €nagnguyénimayttinhti | n) [104], [105]. Tuy nhién, éc gia tr
sai S nayt ‘©h nsai $tL ‘& codng b trong cac cong trin24], [29], [31], [78],
[82] vachgh nhch “lc€il, i ¢ § ¢ b "iinhi tg184h [1G5F a0 L
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N h &, g6 thAkJT ludh riag mé hinh mé pmg canh phun tuabirady d ng
bag ph m@n ANSYSCF X, p h€©hn g v prhdghinh FrRISNLEm blo
I, tincdy, sai$* n g @ chpnhch ‘lc®@ais vQapsud nhit B st r aio L
nhit t ©tgmgh hn 5%, 3 9A cothMapal® PYKH[O sét tihg thai
nhi t canh phun tuabin.

322X©y dan¢nd3nh tr acankpkuntuabmcadal icrhgo ¢ DR
b "ng ANSYS

3.221X0©y dxng mkYih3oaHhpHdirtaan cao afi i n gDRE6
b’ ng ACRSVYA BNSYStatic Structural

M6 hinht r &aimhi Enguy@n m¥u AL & xay d ng bRag ANSYSCFX (Hinh
3.8),ktquc h2 nh’ ctlathdng s 8hg thai ¢ca dong khi cfy qua canh, hs
t r aimhi Egi a dong khi va cac@mHucanh, phanbnhit | tténcanhSau L -
trich xudld 1Ii u nhitLl, canht ANSYS-CFX sang goi ANSYSStatic Structural
€t 2 n h ‘tcong slinhi@trén canh.

. Piu vao dong khong khi lam mat
Lo tiet luu * *
Khong khi 1am m3 . Basls
ong khi lam mN v Khoang khéng khi vanh trén
1 ‘ ki P /

o0 [ | | | ‘ ) ] . ’4' |

= —l - & Pl 3 ’

B —_— _J, ' ,‘, Rt . A

g — A7 Giao dién chu ky
= — i [‘,

- — § b ) v

o0 4 I e

= "o | -

S = ——

= & At ‘

S |

3 :-=‘-|| \

z — |
<R

m 3',

Gl .

8 v“ % g ! |
: A i
: Céanh phuncao ap v Vv we |
L» / 5y el g‘v"“ v
Khoang khéng khi vanh duéi A

i

Pau ra
Poi ap p

I

0 0.025 0.050
(m) Aag
0.0125 0.0375 1

Hinh3.8. M6 hinht r aimhitga CPOWg Lch DR76
Nh€ dilach'Im c3.21 ph€hng mpd §m! xIyinhdtchor a o |
c8&§nh Mar k |I[thbch otiniedy tWedy cin ¢ m* h $imii tcha ao |
CPCAnd¢ ch DOBUWI6c aknd hinh nguyén ¥ A (dong khi va CPCA)
co khdng 22,3triuphnt ,8,7triu n %ittY mHecd® t r u n'gc btMdimh L €
trénHinh3.9, _ilc@ ¢ &nh °‘@BMWIA| né@HINh3.10. Lté&khuv c
ti/p giap gi a dong khi va ®mHuthanh vachlinh3.9c ) ¢ § mchia Ragtinh
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n t mnfationv. i , day| p FUtiénla1®mm,s | @g10]lp,lp .i €sau c -
daytag 1,2fnsovyil p i €t Tdngs| @ ° L Htké trongBlng3.4.

0.00 45.00 90.00 (mm)
I I

22.50 67.50

Hinh39.M! h3 mcha Im@ h3 nnhitt rCPCAL Ilch DR76
ai L @ td mHuccbtrung binh; i L ‘@ t4 khu v ¢ gfn canh; d L ‘@ séat bién
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40.00 (mm)

Hinh3.10. M! h3 nih CPhGiAg Lt € DR76
B[ng3.4. Thongs| ©ca m! h*hnhitt rCPEAL Ich DR76

TT Théngs | @ Gia tr Ghi chu
1 |T ngs phfnt (S nuat) ~22,3 tri u (8,7 tri u)
2 |T I's phfnt ¢ a dong 96%/ 4%
khi/canh
3T | phfn t dbg 37%/62%/1%
Tetrahedrons/Prisms/Pyra
mids
5 |ChiQu d~ iy fultié® sat 103 mm
vach
6 |T s titngu cdiiy 1,2
sat vach
7 | Kholng céach_ti thanh vach a Chi ti/g t4
khéng th nguyény” Phl c2
8 | MeshOrthogonality <1% Acceptale, ~100%
Good
9 | Aspect Ratio 100% Good
10 | Mesh Expansion Factq <1% Questionable, 2%
(Exp. Factor) Acceptalke, ~97% Good

ChHl ° hgehial €L - ng v ai ~ rgtrong méuphng CRDrco Mnh
hengtikipgu,thigianhit vadm c , L  hitai nguyén may tinTrong
ANSYS-CFX,chidl “h e c hii atng# L §nh gi 8chttidulang q
Mesh Orthogonality, Aspect RajiMeshEx pansi on Factor (Exp.
Mesh OrthogonalitypQuotgua vn@oaytihitkiph §p t
Aspect Ratio latI' | nnrElchianh nhEixungquanhm  n %t ; Expng Fac!
L, kém ¢ a1l natsovitr ngtam caphfnt (kh' i thWich), Exp. Factor jg X t
I gi atiwichphfnt | n nh&Eva nh nhil xung quanh mtnat.Cacch't i °u L §n
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gidctl " h & ik €mo hinlQ 4L m c cao B[ng3.4). V. i mé hinh dong khi
c6 hinh dhg ph c th (bén trong canhj, 0 tim ts | “@gnh cackhi kh4%ng L
cac yéufu n h €Exp. Fattox1% Questionablec 1 n g Qulcd thAtht nhdh.
Mé hinhdongcly qu a ¢ fun hv " diu vdd@dony khi néng bl ng

"t U vaolc a khdng khi lam mat, v théng $ L ‘& coi bRag thong s sau may
nén cao ap, m fulra Hinh3.8). MKy h a i betmit i€ fi g inahu k8 |
tc |7 k°nh | €u, atédntnay@n pthoagay i Kend phya bog ¢ a
canh i kQ ndy€cho phéptinhtoantoanic 8¢ k° nh _4aGPCA.t h! nc

Caclachntrongpffn ckbi mE h3 nnhitt rCPEAJ. Ilch DR7 (
I ‘& bW djintrénB[ng35 ¢ § b on iy | lin KEFNY8.2. t, nidong ban
I'fu (Tu) ¢ adong chytrongcacrhibccb nlg ch DR76kh*ng htnm 15
“cactaifiuthamkifio c¢c- 1 i °n quan, _ lk@kg Wib@Lkh?r
Theo tai liu tp hush ¢ a hdng ANSYS14], c [ n gt snkif6u ecna NASA
[92]L ri d, nfuchimddmgcly t r o n g 3m tAgkkhngTu=3+8%,
cao nitl cé thMa 10%,do vdy Tul ‘& | achn® m ctrung binhTu=5%) , t €hng
t nh€ c&c [06][1GH] [136]2 n h
Blng3.5. Thongsc " K Ldrhgab m* h3 nnhitt rCPEAL lch DR7 €

Tén thong S Giatr
M6 hinht r aimhi k& Total Energy
M hinhr’ i SST
n ri d, nfuTb[®]n 5%
Wall Funtion Automatic NeaiWall
TimeScale Control Physical TimeScale=10s
nQukinhit, 10°

3.222ni Zu ki Mn b icdnhphentuabinrodo dhi 3 nngpRE6

anlc Li®m h3 nh ka&lephwntuabicaonaplni&itg cch o DR7 6
TFng tuabin cao 4m C T BtBu th y DR76 rRn ngay sau bun g "t tichg

vanh'n g ‘rcgh®ic69 ngchunhit. Nhit  ttungbinhca d ., ng kh2 ¢

rakhibd'n g tdedthMt i gfn 1300K[112], nhit . ¢ cb ¢ a dong khi co

thwén t i 1400K va chi tif chu nhit  I.n nh&ila canh phunCPCA nay la canh

ngda, chiQu cao canh 28mm, dady WE[m blo tinh céng nghvad, dang b tri h

th" ng lam mathi CPCAkhénglamvHa,t ¢ |~ ‘ccghif} ]thecayuy It géc

U=caM g4 thongs hinhhc cingab ¢ § n h ~ gtrini bay tib@B[ng

3.6, cac thdng'sk h § c c trinkebay trondPh |, ¢ 1.
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CP CA’ clla® mat kW " il | 3udony khong khi tiu’ ng th ctp ¢ a
blngtlL Khtng kh?2 tiip" n @iBdahgkhiongkhighiatréna
canh phunlinh1.2) v~ Li Vv~ o b ° nikh. Cahpghunménmgngp h ©r
phan phi (Hinh12)sslL € d, ng k h2 iphfih filcan®,tt I L ifycgha
khe gi a mang phan phhv.ibhng (v~ tkKAinti) guwae c8c khe
c8nh. Ngo“" ngrahCPRAGLc,n c- haffu WMmoan g
mat cho vanh ngoai va vanh trordjigh 3.8).

B[ng3.6. Théngs hinhhc «cfimgcab CPOAg Lch DR76

Thongs, [ [lhn v Giatr' | Ngu'ns li'u

ChiQu cao canh, [mm] 28 no
Day cung bién ehg, [mm] 42 no

S | “@g canh 45 no
Vd i u canh [ 4-6 S [132]
ChiQu day thanh canh, [mm] 2 n o[l14]
Kholng cach bén ga canh va mang phan phmm] 0,8 n o[l14]
ChiQu day mang phan ph [mm] 0,5 [114]
Sl1@g; kz2coarhbcbkheghoat khi L ul 4khe no
canh, [mmx mm] 0,5x5

G- cHegla c8&8nh, [L 39,5 no
Géc hinhhe fu. v " p, [ L 90 n o[114]
Géc hinhhe fu. r g, [ L 14 n o[114]

b)ni Zu ki Mn bi°n cva @&, ng kh2 chdy qua

Trong md hinit r aonhitga CPCMg Lch cDR26 fivang L
gm d, ng kh2 n-ng v fuklgamnoh pkii Hin38)rmd mst ,
I'Ffu vao dong khi néng l1a théng dong khi sau buin g t @p siiva nhit | than
phfn), fulvao dong khong khi lam mat la théngd®ng khdng khi sau may néfp
sudlva nhit | thanphfn), théng § L'fu ra la théng'skhu v ¢ gi a CPCA va canh
cong tac ca tuabin cao &(Ap swli thay thjchoscdngahin "hgd/f | €u g ©
ra b i cac pin tuabin phia sguThong § ¢ a dong khi¥ cac bién nayglng 3.7)
I ‘& Ibyt taili u[115]va tinh toan_t ly thuy/} trong mc 2.3

Trong th ¢ t/] dong khi cRiy t bd’'n g t {.i CPCA c6 ap sHi toanphfn,
nhit  than pfin  k h™lnngg tiieo ¢ chiQu mgkinhvaciu ¢ h uwedr i . 1
I ‘& théng sth ctJnayhdbpHicokigqd L o t. ngnch & antjpdbh o
tinh toban mé phng " bd'n g t, & haivic n Qyamkhi °hg@dngvic t L n g
1én d3p nhiQu fn. Ap sHitY Fulvao ca CPCApg” sai | ch khéng nh@ [17] do dong
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khikhéngchuln h “tg€alc qu &n t 2 ndkhulvyg cahh@dmg tachB® t
vdy, ludh an gf thi/} ap st toan phn phan b LQu t4 Fulvao CPCA, nigu cong
t r 3 nh denb gighi/zsay trong quéa trinh mé phg[61], [81], [106].
B[ng3.7. Théng S dong khi H cac bién cac cH]L, tinh toan
ChJ/]L, , [% tay gq] 100 80 62,5 50 | n[ochQ
Ap sudl toan phn t9 Fulvao ca
dong khi néngpy” [kPa]
Nhi t  tban pHntrung binitd  ful]
vao ¢ a dong khi nongly” [K]
n iapt otrug binitd Fultap:[kPa]| 859,8| 722,2| 637,2| 569,9| 647
Ap sudl toan phn t9 fulvao ca
khong khi lam matp." [kPa]

Nhi t  tban pfn t4 Fulvao ca
khong khi lam matTe [K] 637 610 | 587,5| 568,3| 596,7

Nhi t | ] Fulvao CPCATy bi/h thién theo EchiQu  mekinh va chu
chu vi, JthiénthechiQu-  higkinhlaré'rt nhi[47]. T khu v ¢ ti/p
giap v trong vay ngodi co mt ~ hg@hitl ntruyrray, ~ nf th i dong khi
lam mat ki mang cRy b ctrény “ngchunhi tg ablin g tIlBmnhit  difm
' § n\§s0 ki khuv ¢ , tao trung binh. Eh gl t r_®8 gharcb nhit | L
dong khiTy" L & trinh bay trong cac céng trifi], [126], trong mé hinh mé png
nay tac gf s d ng dhg phan b L\M hinh trénHinh3.11( L g Mg oM L i
h 3 n WhijJId Qi ki n fuvao cho dong khi néng. Cac cong trjé], [81],
[106]s d ngglthiy t ©HW g n€u ki h Fu'vao cho mé hinh md phg.

Phia sau CPCA 1a ¥hg canh cong tac quay va tht/]Jc - tr8g rtgie
dong khicliyt CP C AWhghiéncu t @da may énay d ng d CPCA va canh
cl!ng t8&c, tuy nhi®inhityromlyg @Mk i ehg® §n
t 2 nh t o §hbnhiQfn g vt 8% kif nd- n, @ may tinh, hieb n gifm kK i
| “@g tinh toanW cac lQmHy  t rimhiot SN h “dgent i  dhinh xac ca ki}
qul't r aimhi t. Chinh vidy, nhiQ cong trinh tinh toantng thai nhit canh phun
n h [&1], [68], [69], [81], [106], [130], [136]h qu a t ‘©h ngc atcdhle conyg €
t §c, Ffuhir althdy@b3 g idpp:, i#p nayRag ap sk’ khe h gi a
canh phun va canh cong tac. Theo tinh todm tc 2.3.4.2 1" i app. t4 fulta CPCA
cbst haly theao,l tprtotnnpgt hanti ‘niicanhKinh3.12), tuy
nhiénpisailchsovigiatrt rung ,tBb%nh d-<€

1203 | 1039 | 914 | 818,2| 943,3

1246 | 1163 | 1100 | 1055 1156

1233 | 1080 | 950 | 850 980
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~—— Dong co dién hinh
L|-® GLI
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Do cao twong ddi trén canh, %
8 3

085 0.9 0.05 1 108
Ty 1€ nhiét 36 T/Tave
Hinh3.11. Phan b nhi t | ddng khi sau bun g~ t[B]
(GL1ino tr ° n [ khikh®ng kich bd h th ng phun khi séat vach;

GL2T Lo t r ° n [lap'co pmen Rhibng Bhi lam mat sat thanh vach)

L o roo

< 80 - '/ ; —e—100%
o= / / / 0
© £ 60 ./ |7_1’ --=--80%

X

°©8 49 /- f/" /, —x=—nlo ch

€ 20 : // ! — '235%
= : —_— . o

0 >( ,!x/ |1’|,

500 550 600 650 788 750 800 850 900
Py, [KPa]

Hinh3.12. Apsitdl t onh § a uc, §&PkEsk nhiau

33.X0y d ng m! hk'nhs 't 2tnrha o BRLE nih nd%in tk hc nc
phiat rong | €fRogc®Ahh3nh L ng dUng

331X®y dxng m! h3hdhmLie¢ig Zdig8 kg Mn®™ L Qng du
M. c L 2anhc nay la xay dng mo hinh tinh toan ks t r aimhi tcho
md hinhdthgtbin pian g~ ndid-hg v i kénh &6 khiphiat r ong | €ng c¢c§&nh
" ng dhgB - Hinh3.1,Hinh3.13) , né&i t £ syglancm@t Bag cach b sung
cac ] phun khong khi.t mangphan phi. K/t quf ¢ a mé hinhnAm L <€ali r a ¢
khuy/h céo Wthéng § hinh h ¢ (kholng cachH/D, b & | S/D, L “éng kinhD) ¢ a
mang phan pH phial €ng c¢c&8nh phun.
M6 hinh’ ng dhg B 1a kénh & khdng khi bao'ti mang phan ph va tain
L 2 (b@mkbtrongca | €n dQcdmybhping. ™ L Oy c¢- hai d
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khi: dong phun dfy qua cac,| phun(vuéng géc vi mHOxy) va dong nganghp t

m t fulchy xubi theo ch@ Ox Hinh3.13) .  Qu § fimAi hthr ot rrggot rie
hpnaychy/u | 7 "ibhi tklwphtanl i | @b ¢ geadong khong khi

v, i bQmHubéntrongca | €©n g nc Snga@k nhith i’ i L1 €hién vabc xd

nhi t trong dong khéng khi quanilsovi il | @b c €v “chlg@.

K+ +
T“s‘ ¢

e e %

A\

Mit cit A-A
Hinh3.13. M6 hinh &in ptan g ~ &1 mat Bag mang phanph ¢ - t €hng
dong phun vi dong ngang

n“ichpvic §cuKmnl’ngdhg L « t m3c2.4 solyinguyén
mdukénhdh khing kh?2 ph2a tBlomdoll'eenQ@ki e §nh,
th nhiivath hai T ¢ I[mbfd"dg dhgvwQchd “h & W~ tlr.€qug c
trinh: $ | “@gvah engdonglfu v ~ @uragi'ng thauh s t r aimhi tcung
L'@viibi pheh@9l. ver@nkhnth b a, kchifu v L6 tham §
ngdhg U'e¢ Qi trong pB®WHrmg tmingtkhgh [k L
blo ‘lc®tham s vac h €mbloh o n ‘twi2thanls.

M6 hirh L[ b ‘lc@tham s [ ng dhg WQk h 2ng#h=Rg, Y>=VR
va hinh hc Y,=H/D, Ys=S/D. CPCA nguyén n ¢ h €a ., phun trérgnsang|
phanphi ph2 a | €©n gWkcg&nhhtigay kUit nkg? ctdisa thangss
dong khi cliy qua céc,| nay. Do \dy, dl[i thong S k h 2ng (Reg, VR va hinh hc
(HD,SIDga m! “m@ dhhg ‘Lt ko sattrong i “tnbh gb ¢ a CPCA,
L, 'Wbao ph phYn vi cac théng 's¢ a mang phan pihsau §iti/n., L ©y, c8c
thong s Lot r ©rdyf cddngkhiRg vaVRL ‘& tinht giatr vch f ¢ trung
binh 41, p h un fuwdo ¢ & kénh & dong ngang. SReynolds ca dong phun
Rg L' ‘& kh[o séat trong fi 10006:25000,t s vch t ¢ dong phun/dong ngangR
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trong di 30 BDTheo khuyh ¢ §\ i céinh tuabirH/D=1+3, S/D=3+12[47], [85]
nén luh an kifo satv. i H/D=1; 1,5; 2; 3vaS/D=3; 5; 8; 1Q

M1 h3 n Hmb[dléathdm s [ ng dhgBs=Tw/Tr, tuy nhién wh QL
n" y clife t h?2 c tDonykhthorga@u t h tthgganh chedt Breng L
gantiptih s t r aionhitl’'i | €wgbct®ngkénhh ph2a trong
canhthéng qua'ts nhit  TW/Trvitd | €©n dongdkisi ndmg va dong khong
khilam mak h * n g " ichéls onhdi Nhi t | tténthanh vacteanhTy 1a théng
S bi/nthiénliéntc, béné&h h L't ddng khong khi lam maél cac v tri khac
nhauTrc 1 ng Kk hitahyg spdovdyt s Tu/Trla théng s bi/h thién phc
tlp va kho kixh soat. Vic [ribfot s Tw/Ts trén mo hinh thc nghimgi ng v i
nguyén r¥u canh co tinh Knthi thip. Theo K} qul mo ph ng ¢ a cong trin{30]
TW/Tit L rEMB s t r aimhi the - x ng ghin€tuy nhién theo & qu th
nghi m¢ a cong trinff52] h gifm khoéng ré rang kiTw/Trt £ n g [i 0,74+0,83. d
Nheywc khFEmbpt E Tw/Tr khong gay ra sai 9. n va c6 thehbp nhch
kKifqu't hu ¢l € fncde bong trinh,bq u aQ ki hnayhéd Kk h Qady L
L.

M: h3nh climbgp dodd@as I ng dhgYs=D/Rs. K&nh d
kh®ng kh?2 phtd]lakéncdh coag8yri ban kirth congrung binh
Rs=215mm, L “éhg kinh | phunD<< Rs(D=0,2+2 mm[104]) nénl, congt ©h hig L
rdinh (D/R=1/1075-1/107), c6 thALL h n[n lgHa thanh mo hinlkh piRng.n“iv. i
qu§ tir 3 Inang ki ct@Fn tdy, kénh & ban kinh con@s chiQi caoH co h

straimhit cao , hkénmhptghgblagt s hi uchnhe, =1 ﬂ,??%[Z].

CPCANndé ch DBIRBOBM,R=215mm nénka1,007t clasaisgi akénh
d¥ png va kénh #h cong chla 0,7%.

nivi “thghp t fiak tdd dong khi phun ra tmang phan pH,
cong trinh[27], [51] L ‘€a Jjrqd vQ& sail ch ¢ aNugi a md hinhlin piang va
md hinh Bin cong trérHinh 3.14, Hinh 3.15., ' © yby rRal khiD/RQL/20s  sai
I ch Nuave SO v i mé hinh tin piang 1a i nh , phan b Nu khi D/R=1/16c | n g
t ©hnrg valkhongé s khac bit L 8\Bogy i rkd hinh png. Do \dy trong

a o .. 1 1
tr h CPCMAg Lc h DRc/dn -tr@n L—cOthAM. h n
nehp >y ' & R 1075 107

gilnhéakénh¥h kh' ng kh2 ph2za pBhg c8nh t h”nt
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50 - s
o B Chlgu 0x cua tam cong
R e s A I g === Chiéu Oy cla tam cong
40 | Ry | —————— T4m phang
30
2 =
=] pd
2 PR o b o e AR <& 20 |
_______ Q-----=---0
20 ‘ 9 10
‘ ~(3- Rej=10000 -<>- Rej=20000 -A~ Rej=35200 ‘ i
10 = ’ : ’ ' [54 4
D/Rs=0 D/Rs=1/20 D/Rs=1/10 0
Tam phéng r/D

Hinh 3.14. So sGniNuwe G a mé hinh ki Hinh 3.15. So sanh Ni¢. amo
ph3ng v i md hinh i cong cd/Rs khac nhau hinh & pHng v i mé hinh b
(H/D=3) [51] cong cOD/R«=1/16 (Rg=3300,
H/D=5) [27]
TrongthctJk hi d, ng k héml l64nh &hitp & nk tplfn i t
| “@g,lamnhit . ¢a n- t tng . ilcyguaksuaahnlg: v | €ng
tuy nhinchnrigessmiitiginayd kh- khin vdrdkdhg ng c
Trong Hu W} cac cong trinh nghién a vQt €h n g._ ath& donggnay ma taclgi
luch  § nc tilp€h [22], [36], [42], [72], [79] LQu coi nhit | IIFu vao ¢a dong
phunvadongngangl®g nhau.  hhgrovachuday | p Hun [ehl ng
heng/nhh s t r aionhi k[77], [80], tuy nhiéntrong khuén Khludh & n ¢ h €:
X em R®iclnih * hg@ay.
Nh &y, méhinnet Trgdhgvikénhd khing kh2 ph?2a
canh dthg i pin g * ¢leh an xady dn g mxblol “lc@tham s g m khi
I, ng¥1=Rg, Y=VR va hinh hc 84=H/D, Ys=S/Dd 0 ¢ h Yerkifo sat@ong
dlir ngRg=10000+25000yR= 3 #IMD=51+3,S/D=3+10M* h3 rfilh [ « g
bfo ‘lc@am S Ye=D/Rs, sai § gi aNu ¢ a md hinh iin phang va £ cong(

D__1 i_) nh hhn MH6. d% KihBo gle®am § 13 Ga=TuT

R 1075 10
nhenmgué&s8&c c!ng trlucho thly ehang #mly * M G Gia tr
Nut hucDe€ L -, e Theditly B L rgx ®p " dt 2t moH nl %n

lch Wkh[o sHet t £ €nignhittdkhavd | €ng c&nh phun Kk
gi. a dong phun va dong ngang

Tinhtoan hs t r aimhi kg a md hini®" ng dhgB  Tcéh ¢ hi n bag
th c nghimva mé phn g, t r ocrihgc nghim vicéh chint heo ph€hr
phg&p . dganbit TOIRT. Vic md phn g ~ ¢t€c hi n blag ANSYSCFX,
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I ‘& th chin® caccH]l, mavicth c nghi m khéng thi/jh hanh heb cac thong
s mathcnghim kh'ng ‘'E€a ra L€

332Xy ddyvng hiXpnghixne LMNnh hM sX trao LY
dung tmm" pbAph. _ng ph8p dao Ling nhi Mt

3.3.2.1Nguyénlyx 8¢ LMNMnh hM cWXatpho ngripmhp MEOI
Ph€hng pmgmitdTO®! RTclla€hn WK § cnh i s trao

I” i nhi t trén BmHutEh kim o9 ph3ng lam méat Bag mang phan pti (mé hinh

"ng dhgB-Hinh3.1).Sh niguy°n d1ir &imhiktbaag ph<€hng p

T Ol RTctiwa ntrénHinh3.16a. Vi ¢ ~rg b th i gian gi a camera nht va

nginnhit “Et®chinnh mayhinsongvathtb [ 'ngb (Hinh3.16b). D

i unhit  t'rc&asaubih “ilFouriertimi Whdodh g Hihh816c.

Fdeo ki thiét b ddng bg ngudn dign  dén halogen
1111 10/230V

N

g bé mat

ANANL trao doi
= 3 A A
dOIlg nhlet IR camera < nhiét

birc xa P ¢
may hién séng ‘

N NI PC

~
Pl
NG

?
[ I

"
===

hé sb trao dbi nhiét h

hé sé trao dbi
nhiét h,

C,
Hinh3.16. 8 hgth’m g &b slktraimhitbng ph€hng ph8&p 1
al Mo hinh nguyén ly ca Wandelt va Roetz§B7];
bi S h” H th ng ghi nkh tin hi u [87];
ciDinbUph dangnhit Ikt rd@ntg Wi theo thi gian[37]

Khicgh t hingghitigenginnhit (nd€ ° L n Himml oge

3.16b hotb laser) bih thién theoeh f c gocy thid liunhit | tcthitdm i

L\Wh c [ fhgthiéb ¢6 tinh tn hoan theo th gian Hinh3.16¢c ) . i v. mthanh
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vachmn g “Wngnttiico h s khwh tan nhita[m%s], b qua dong nhit khukh
tantheocky x v~ y, t a ohitmpbhi@hhegthigianisn),io7]d

Ll ol 3.1
T (3.1)

‘L oyi:th igian;zit a . theo ch@Qu day ¢ a tih (Hinh3.16 ).
n@kin bi°n ngheng” yr iinhcan @b mhit tY hai bQ
mHbg a tain (v | z=0vaz=u) [87], [97]:
; BT

UZ = hT|z:O (32)

z=0

T i
= dpsin w -hT| __ (3.3)

z=d
‘Loyhit €ehmglahs t r dimhiEcfntm @@ mib "k €t £ mgtrac €
I” i nhi t) va & mHbngoai (muIR ch p nh) Hinh3.16); ¥ i vch f ¢ géc ca ngun
nhit,g-b i ° m albngk angln nhit.
T c8c phemBi)g3.3) ad ity nhit  kOmHutbi kim lod ph,
thu cvao cacju f chinh: h's t r aimhi £ c[ hai phia ca t5in h va h,, théng
s hinhhc | (délyt), théng s vd ly (h s d¥ nhit e nhi t dung riéngC,h s
khwkh tan nhita) ¢ atihkimlod v °  tng hhintg _ dg@Ec qtruyQn t i thin
kim loY (Hinh 3.16). Khi cac théng'shinhhc,vd ly g atamh kimlod k h'ling L
s bi/hthiénnhit  theothi gi an |, ngnhtitigragh sl t& aimhitco
miquanhtr ct/pvi n haunguydn@yinhitoasa ph<€ehng phgp
Vid liunhit it ngta  (xy)cétinh chu I8 (Hinh3.16c) nén nhit
L, Ttdth i Whtico tbiwi dj n  .d @8hg chuy i Fourier[37]:

T()=T, & g3 coy(int) K sir(in) (34)
i=1
‘L ©Voi htag $;asvabrlah s ¢ achuyi Fourier
2 ." 2 ". )
a, =—aTco(m) b = QT si w) (35)
1 1

‘“LOWinhit 8 Whi(x,y) Lang. ng¢idthchpagintit €hn ¢
th i gi anngt i@hhrttgi;ni f ng s [nh.Theocong trinN[97] nhi t |

m i W irén tin co thwi/fd @dth g  h "npgidcveit ¢ | §ocr va goc tr

phau:

T(z29=T(3 +A 3sin(wt 5( ¥ (36)
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tr on gAilb-i:° malon d. trrphad Ll t r ©qugn tiohmbit, 1& th i
gian dnthif WL h a ynhilt | ¢ a b than khi kim lod va dong khi chy séat @
miynécomiquanhtr ctfpvih st r aimhith  mi Whi L o. céigh e o
trinh[37]b i °, MAvalgoéc phait r on g p h (@6 b Gtinhit h rs has vaby:

, aa
A= Jad #F; ] arctaraf (3.7)
(; f
KJ} h p cacp h €h n gB.M)+(338)vd(3.6),qu a ¢ Scdihb @trung
gian trong[97]t h u clia® s biwWidinm iquanh gi a , tt phal(z)’ bOmHy
becxdz=t)v.ih st r aimhitht heo ph@¥8ig tr3nh
, g+ e, R X’y
tanj ‘ =d = 2 3
=2 fLl+r)c, R A1 Z)c, 4° Xey c,
‘L oryy,3vao e, el@® x86 fheo pBSEWBIE[8A[EA nh

r-?;, ;—7,)(: 2_'/; (39)

c, =costf(x) ©o8( ¥ sinA( )x si§ )

¢, =cosh(x) Gin{ ¥ eof )x siP) x

c, =cost (x) Girf( ¥ sinf( )x c& )

c,=cosh(x) Gin{ ¥ eof )x sip) x

L Oy lsinhii®) va cosh(x) la cac ham hyperbolic:sinh(x)=(&-€%)/2;
cosh(x)=(&+e™)/2.

(3.8)

(3.10)

3.322X0©y t¥Mn gthxyXsnghi Mm

S h™th cnghim Tc®W dintrénHinh3.17at r o n’'gm ZpHn chinh:
kénh ¢a dong phunva kénha d, ng W4 admgkhi clio dong phuh
th ngs d ng may thi khi cong stil ‘ntim ¢ 0,8 kWL i  k L@ cbnh cong
st . ulk® khing Kb2tHhe€o nguyBhiil T €uhdinlf T
81131:2009, ISO 5162:2003[4]). M. ¢ c h° n'lt  §70g i} 2 - Kimo
MP 210G gh b ap K]visai MPR 10000c6di o 1.0 0 0 phAregii 1P4,
I, chinh x&c +0,2% h +10 Pg62]. " n g L o ng kinh t:o8Dinsiee=30 mm,
tythuc v = o ng kBlefylgu@maltis | ‘€ung&inhdokic®7mm, 16nm
horb15mm ° & tBU} k/Jtheo tiéu chd TCVN 81132:2009, ISO 567-2:2003[5].

nW n ‘nh dong cho dong phun sd ng khoangn 'nth 5 k#ch t
250x250x400 mm c6 mang san dong 6 a. Cacl p h u n nglki€h 5mm ‘lc€
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khoantréntiin mi c a, dhyié mm,ts Bia , d " y “vng kinh Jen3m trong
dli “tny ¢ ¢ a mang phan phith c trén canh tuabin.

/

—> = —

I-chi tiét, 5:1 H

Dongngang

i

Dong phun

dfo[ifice D_inside

1 R e ,
gl\ I1-chi tiét, 2:1

16 15 20 ° R @
o g o °
D lm 19 ¢
[ —— — ———

1t

|

Hinh3.17. & th clhghim
ais h |d HIbi S h” kiwh tra phan bvch t ¢ dong ngang
I-"ng Lo ngtBaonduyénlylti/f | @©wmang phén ph
17 may thikhi; 27 ap K]vi sai Kimo MP 210G; Bnhi tk/Ll'int ;47 4ap k} 5
i h p" n "nb dong phun; 8 mang san dong; 7 ng o khi; 81 thin kim loY; 9 1
L " n haliccgmem nhit AiOi7; 117 camerakthud s ; 127 L~ nwith i
trthg thai mch; 131 may tinh; 14 mtt h Qilkhivd xung cho LI n
testo 425; 16 h p cgb khi cho dong ngang; I7quct th iv. ib L Qi chnhl in
ap; 18i b sby; 19- " ng pitot; 20- thi/f b E Instruments E8500 plus
Kénh ¢ a dong ngang bao mqut17congsil 240 W W@ chkh™ m
cong sidll, khoang n ‘nhap skl 16 k&360x35ax36@mm,ng i dong
ngang Rag mica co6 ribedbhinh ch nhd ,  k 2 cdrbng laHxZ50 mm H kho[ng
cach t mang phan phH t i bQmHuthn L 2 ¢ @)dai tink hi itk kim o4 1a

500mm, Saguhl khiEte®€g khmycorcky ndii t258quanm.

tr3nkhflbo,d, ng ‘rghors@t I @Wh thBoitrc y bag thit b E-

h a

b
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Instruments E8500 plusi{nh3.17 b), k/} qul cho thby tU khuv ct t © mfn Vltri
cach thanh 10mmant cichn h au k h t \Wéco tvgai ahing Bag nhau.
Trong qua trintth ¢ nghim, thi/} b Testo 423’ ‘& s d ngUW. och ¥ ¢
vanhit @ d adongchy L “@hgtam ¢ a kénh & (Hinh3.17). Thi/} b Testo 425
codi Idotcy O /jJb 20  mids0,01 m/s, sai's+0,03 m/s (heb +5%),
di L ot nth-20<70C,  nh% 0,1°C, sai S +0,5°C khi nhit _ ttong di
0+6(°C [142]. Wpan Bag nhit | di a dong phun va dong ngang thiachit ¢ a
qut 17 co tp Hib sy 18 cungb L@ khivi L i  k'chmhit s diia hdi
d . n gcduy@rinhh hn °CQthed ddi Bag dm bih nhits 3 vatesto 425's
15). Thihkim ol "k ddnglamiin L 2 ¢ h ¢ ¢ 256x256hmnt h €
nWeung & xung nhit cho th kimlo4,s dng 2 b-ng L n hal
L&l @khwibimk h' nl jchulBcothmt h & ytrong di 5+60s. Trong th
nghi m nay, tac dil, a ch n chu B p=30s, vi theacdng trin37]3cfnnh h hn ‘0, 5,
L €sy=0, 0dthih s t r aimhi tkhdng th nguyény cfn mm trong di 0,1+1Q
Nhi t  tén QmHbttin kim 104 ° & € L3ag cdmera nht oY Flir i7, co
dii  {£2®:250C, . nht nhit <0,1°C, , chinh xac +2%; ng kinh co ®u ¢
f=6,76 mm, ° rnigmh@ 29 hinh[n h  cphanlgfi 240x240 pixelsfins L o 9 Hz
[38],[39]. Wohi “ngb dLlliut cameranhit v~ xunngghdchg Li 1
halogen, tac §idung camerakthud s I'Wguay b “nigthi L WMnh triéhig thai
mh 12va camera nht 10.Camea k thud s nay co kb | 2.0, tiéu ¢ 28 mm,
L phangfi 13 MP,tc , €h p 30Hz.

3.323C8c chA Li thyxc nghi Mm

Th cnghi m nay cung vi md hinh mé phn g ° & ©d Yhghién’c u [nh
h ‘&hg ¢ a cac thong'sn h ‘€l ®/D, S/D, VR, ReDt ih s t r aimhi Enhm
c - cIW &chn kil cbli mang phan ph m i. Chinh vi \dy cac cjL, th ¢
nghim Tc®€achn n h€Bmhg38. Mdhinhmtctd c1x3]| danh cho cac
t TtM@hpcacctl phun c¢c8ch xa nhdmuh fy@iacacbote kh
d ¢, con md hinh 3x3 InhAmmd ¢ § ¢ ng hpdangvact ¢ ovh cliig
khol'ng cach.

Trong céc ciLl, th ¢ nghim trongB[ng 3.8 c6 RgO1000Q bén ¢h h L' -t
thbngsvchtc d, ng ngangcahpddk 2tchn it bsBREmldY €
¢ a dong ngandrer =2ucH/3 (Uer i vah t ¢ dong ngang, [m/sH i chiQi cao khe
gi a mang phan pihwvatin L 2 ¢ ks, L, [nimt] ;ng h c ¢ a cid khi [n?/s))

(xem Hinh 3.18). . L ©y Hy &g tkh VR<15 thi dong clfy ngang luén cé
Re>4000. N kiy@6 tWWnoi dong phun va dong nganghfu W} ch]L, th ¢
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nghi mtrén clfy’ ch/L, chlyr i, ch c6 ch]l, TN3.4ava TN3.4b thi dong ngang
chly" ch]L, chuyw ti/p (Rer=3600).
Blng3.8. B[ng cac chl, th ¢ nghim

Nhom th ¢ nghi m Théng S bi/h thién Ma th, ¢ nghi m
M® hinh | M6 hinh
1x3 | 3x3 |
Th nghi m kiWh ch ng 11 ; H/D=2; TN 0.1
Rg=25000,VR=D
11 ;H/D=2; TN 0.2
Rg=13400; VR=7
in h ‘" mge;a khdng céch H/D=2; VR=4 TN 1la | TN 11b
t €hnig/DL H/D=3; VR=6 TN 1.2a TN 1.2b
(S/D=10;Rg=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 1l5a| TN 1.5b
H/D=2; VR=7 TN 1l6a| TN 1.6b
inh "mg@a k€t €h S/D=10 TN 2.1a TN 2.1b
L"i S/D S/D=8 TN22a | TN 22b
(H/D=2; Rg=13000; VR=7) S/D=5 TN23a | TN 2.3b
S/D=3 TN 2.4a TN 2.4b
inh "mg@at s v tfc VR=5 TN 3.1a TN 3.1b
dongphun/dong ngang VR VR=7 TN 32a | TN 3.2b
(H/D=2; S/D=10, Reg=13000) VR=10 TN33a | TN33b
VR=15 TN 34a TN 34b
VR=D TN 35a TN 3.5b
in h " tg€as Reynolds ca Rg=13000 TN 41a | TN4.1b
dong phun Re Re =15000 TN 42a | TN42b
(VR=7;, H/D=2; S/D=10 Rg =18000 TN 4.3a TN 4.3b
21000a Re_j=13000
18000 N\ N Re_j=15000
15000 ™. SN —o—Re_j=18000
& 12000 \%\\. —a- -Re_j=20000
S~
9000 Ty T
6000 e
3000
4 6 8 10 12 14 16
VR

Hinh3.18. S Reynolds ca dong ngan®Re: ¢ § ¢ ng It p®g vaVRkhac nhau
(H=10mm; D=5mmn)
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3.324Xo |I'T sXglhiiMwwm t hxc

Sliu t Rat th ©ghimlaiph pcacbcenhk thud s theo thi
gian ghi H di n bih nhit |t kim (09 hid th trén man hinh camera nhi T,
cacd liunaygnxaydn g ~¢™@h ¢ anhit | tdt n g Whtién lOmHungoai,
Kihpvivic“dgb d liuyi dagcalhginnhit (L n Wad oger
'n h, tl’ phalic anhit , 1 ¢ ®fctréd®mHbngoai th kimlod . Khi L
bi/t | t phal,vic x'8fch sit r dimhi EhL ‘& th ¢ hi n bag cach dji
ph€ehng@B8.r 3 n

__________________________

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 :
+ 1 1

; ! A4 !

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

I 1

1 1

Dong b thoi gian, Phan tich Fourier
tu' Ta\'e (1) XéC dlnh (Pnullphase tlm ¢ [Xm&‘ Ymax]

| >
>

P
d

Tim d9 tré pha hiéu chinh
(P’ [Xmax Ymetx]:(P [Xmax Ymax] +(pnullphase+ A(l:)delay

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

Hinh3.19. Sh &k ch s liuthcnghim
xmax*ymaxi k 2 ¢ h ¢ khungEnh; imaxi t ng s [nh; T[xmax ymax imax],
TO6[ xmax yidalixunhimaXdhgmateh k2 cch t h€
X max *y ma x *civasawbi trord®u ; G[ xmax ymax]Jd §G06]
li'u  tt pha dchgmateh k 2 cch xtnha€ * ycrméasau khith@&n cac
thanhphfn hi u chnh; Tave(i)inhi t _ tfung binh catoankin® th i Wb ¢h p
[nhth i ; Gnuillll'mhpasgeathi Whit=0Oca L n hahogen
cameranhit ; didet] miytca L n hal ogen
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C8§c. ch@s liuthcnghim Tc@hchin t hé ténlifh3.19,
chitYJvQt n g . ® €t 2 n h cthvhiSnrtrong Bh | c3vatht t o 8vi/ L €
b=ag phfn mQn Matlab R14a (xem PH, c 4).

333X©y dxng m! h3nh m' phYng x8c ddlmgh h
tmm pth’Amg pht n REXW ANSYS

Do hth chJvQthi/t b nén vic th ¢ nghi m khéng tWkh[o sat toan b d[i
vdh f ¢ dong phun, dong ngangjid t hiaég thdng's hinh h c. Dong phun b
gi ihthReO 1 8 QodrOt s dong phun/dong ngang R Ot s H/D=2, 3, 4(xem
Blng3.8). Ngoai ra, mé hinh ttrc nghi m xay d ng trong mc3.3.2ch't h u cli €
s t r aionhik, con cac B quf vQdong clfy n h € " p h@nh be dn co
mo hinh ly thuy} xay d ng trong ANSYSCFX. KJT qu[ ¢, a md hinh ly thujf} sau
khi kiwh nghi m bag K} qul th c nghimsELl ‘&'s d nglWs sung cac B qul’
con thiu“ qua trinhthcnghi mvat r on g ng 8 p vi t th €nghi m khdng
thwh c hi n.

L4 phun w0 () Bé mit tam dich

Dong ngang —; T ]
0.025 0.075

_____________

Pau vao dong phun

Hinh3.20. Ch i ai ki #&hi chy trong mé hinhkin phng

M6 hinh ly thuy}  t “ri rrhiot tré@h t4in pHan g * ¢ 13" méat Bag mang phan
phi ( m! h3cnxéy dBg)brad pBn mQn ANSYSCFX. Vic chi‘a | €
dhg | ai _Hy bsr8itfnblol €. SLI “@g pHnt trong md hinmay
(Hinh 3.20) n3n trong di 1a 4+ 11 tri u, thy thu c vao m6 hinh 3, 4,,25 | phun.

Theocong trinh[104], [105] ngoai m6 hintDNS, LESthi m6 hinh ri SST
(Shear Stress Transppcho K} qul't t Pvh'n  kch 1 ni @i nduyén may tinh
qualJn. M! h3nh fo" vy~ d¥n gtrfoleagchdlong phunva m
lIfu v o cho d, nmgphpgangh cthBh&mtenBi@dg3.9. W
c6 qua trinh trugh nhi tx[yrat h t nmg nhit@OmHL ° & € cH igia tt khong
L i (g=23000QW/m?)).
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B[ng3.9. C § ng htptin® toan moé png

Thong s T r 4@g h p tinh toan
S | @g| phun 3,4,9,25
n ‘©ng kinh ] phunD, [mm] 0,3;0,5; 0,75
T s H/ID 1:1,5; 2; 3;: 45
T s S/ID 3,5,8,10
S Reynoldsg a dong phunRkeg 1300, 15000, 18000, 20000, 25000
VR 3:5 7 10; 15;

3.34Ki ©m nghi Mm kAt ogquthintm phhYon gniv "h3tnth t
V. icungt T n@h ps Reynolds ca dong phuiRg=25000vakhdng c6 dong

ngang(Hinh 3.21), k/1 qul th nghi mva mé phn g ~ ¢kh nghimv id | u
trong cong trin26]. . L ©@arlo Carcasl. ‘€a r a nghk@ gqu khi€ d, ng
ph€hng2-nhit § di nbiyhtheothi gi angdViésii@s dng ph€hng
phdpl - nhit . In 'nbtheo thi g i ‘ang dntobe®. " meSth ¢ nghim
(Leg OT-ON®RTO) Al u ¥ mngy bli@ans 16%Nuve L@ sap h
[ chv i[26]d € 10%. KT qu md ph ng ag ANSYSCF X Q€6 CFD8) ¢
nn t r o n gsaiB L5%Nuvd’ch c6 viing nh 0,6<r/D<0,9sais v&@ nng€
nay,sais’ L ©yi 300.

200

—e— TOIRT - TNO1

—o—Mesh - [Carlo Carcasci]

N
T TN

—£1- - Inconel - [Carlo Carcasci]

0 0.5 1 15 p 2 25 3 35 4

Hinh3.21. Kiwh nghi m ki} qu th ¢ nghim TN 0.1,mé ph ng BRag[26] v. i bién
L sais 15%Nuw.(Rg=250 00, H/ D¥2, VR=D
V. i “thg R c6 dong ngangRg=13400, H/D=2, VR=7F L “éhg k/} qu
thcnghimbldag ph€hng phAPTORDINGYb §(ni & Bgtk} L €
qul ¢ a cong trinh[72] v i bi °sai $ 15%Nuve (Hinh 3.22). T4 ving
x/D=2,5-3,5vax/D<-1sailc h “tv€ngge n~" y, nh<e€eng20%Numg kh:
KJI qui tinh toan Nu_t CFD c6 giafrc a o h hin ° ig@h cwghim ¢ a NCS
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va ¢ a Makatar Wadayee[72], Lfnsgphch vi[72l nan tronmy ng+e
20%Nuwve ch ¢ - WixtD=1+3sai $ LUt i30% HxdD=-0,5-0,5vax/D>3,5
saiskhlng W8ng k

180
—=—[MakatarWae-hayee]-Exp
150
—CFD
120

—e—TOIRT-TNO2

o
eSS TSP

Hinh 3.22. Kish nghi m ki1 qul th ¢ nghim TN 0.2,md ph ng bRag[72] v. i bién
L sais 15%Nuve(Rg=13400, H/D=2vaVR=7)

moé hinhnh@ | h hn, /& i sesanhlgia md phng va th c nghi m
trénHinh3.23., L ©y by quy lidiphan b Nug a th ¢ nghi m va mé phng la
t €hnny, séilchNugi a md phng vathcnghim fhe khitmgga v €
15%Nuve (Hinh3.23) . ot kfqu " | th nhHicosaisnh hhn S%. T
kholng giacal th haiva] th ba &/D=3555saisttng tmhe v€
15%Nuye cO tAMén ti 30%., khuv c| gi ado[n h ' my@hju ¢ a dah thdp
trén man hinh camera nhnén K qu't r °"mg TORT(*) lakiqul « qua ph
X lynisuyt c § cwh khdng bnhij u xung quanh.

250 TOIRT

., — —CFD
. = + —TOIRT(¥
R\\EEIRIE TOIRT0,15Nu_ave

200

o
-----
....

Cecs

Hinh 3.23. So sanh B qu[ mé ph ng va th ¢ nghi m trong mé hinh 1x3 Iv, |
Re=13000, VR=7, H/D=2, S/D=8
T céc K} qul so sanh trén cé Wthby vi ¢ md phng trong CFD va th
nghimblag ph<€ehng phs8p JfQftREhTogvalkhong sactB ¢ k
nhiQusovicac ki qu L « ¢ 1[@64 [7H. Cac s S nay tuy con In (<15%)
nhemptrongdisaist hi®dgp c8§c b i nhb§n ragmikbl
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¢ a mang phan phva pha hp v i k/t gu nghiéncu t €hlng ct? 814 b
[72],[73],[86]. N h &, e6th\s d. n g ngthihokomt trong hai ph
nay (md phng CFD hebth nghimbx g T OIWRghienciih s t r dio L
nhi t trén WmHutENn phn g~ ¢ 18n mat Bag mang phan phcé xétti t €hng t
gi. a dong phun va dong ngang.

34KJt Chehdg

C h ©h n&xay3i ndl’ ‘& moé hinhmé ph ngt r aimhi tchoCPCAL ng
c h DIBRIgHFN mQn ANSYSCFXVvi ph€ehng ph8p iB8INS, n
M6 hinht r aimhi t¢ a CPCAL ‘& s$ d n gWkL'§ cnh\ltrickn  t £ mglant €
m§ t ngtflikiwhtrahiugu't £ n'gngl@an€matca c8§8c ph<€ehnfg §n
ti/h. M6 hinht r & onhi it nay L ‘& kiwh ch ng bRag cachso sanh B qu md
ph ngv. i k/T qul th ¢ nghi m tréncanh Mark I[52]. Sai s vQap stdiva nhit | L
t4 bQmHbngoai ca canit €hmgnh h hn 5 %;sai$ h % r aimhi £
nh hhn ,20t%hh& & acacsdngtrinfR4],[31],[82]L « cLn@ ib
L' .cho phép kAn g nhimd hinht r aimhi E¢ a canh phuti «  x @yhoamtoan
L. L, tincdyvaco tins d ngLWkh[o sattrthg thai nhit choCPCAL n g DRTH.

Tr on ghn@h @ [udh § &xay il ng thanh congy th" ngth nghi m
b g p h€hTOIRT pam8 pinhmd ph ng BRag ANSYSC F XWkL'§ cnhH:
s t r aionhi £ cho md hinhdthg thin pHang ' ng dhg v i kénh a6 khong khi
phiatrond €pnadghH s t r aimhit t hat thlc@ghi m TOIRT, mé phng
CFD’  ds&sanhyi  n h a’uckiwinghingbgd liu L« “d26ln[7R]. b
K/fqu h s t r aimhi tphu hpvQhinhdangbih t hi °n, ‘thrgpang L -
k/T qurth ¢ nghim TOIRT v i [26],[72]t €hmgnh h hn 10 % kGgu 15 %,
moé ph ngCFDsail ch soyi[26],[72] nh h hi5% va 20%. Sai th gi a K} qu
mé ph ng CFDso v i k/T qul th ¢ nghim TOIRT® mé hinh nh@u | co xét ti
dong ngangmh h hn 1 5@oungmihh hn 10 %. " n@8Mn treng di s
saist hggp c§c b i 'nhilog§ b r &idlkl Ega mang phan phva
phuhpvikifgu nghiencu t €©Hmng ct?[81Y[7A, [73], [86].

KJI qul th ¢ nghi m va md phng cho mé hinha T rg dttig th hanh
trong Ch<€hng 3 [rch omg@ acacphongshinh h /3, H/D
v’ kimgqRe, VR tih st r aimhittdbQmks b ° n t cachrkig col €n g
t €hn g. atd@ng phgnit mang phan ph va dong ngang tkhu v ¢ fu’canh
chiyti | ~ ‘m!Wcachssk}chl mang phanph trong Ch<€hng 4.
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CHUONG 4.GI4|I PHAP TI NG 'CNG LAM MAT CANH PHUN
TUABIN CAOAPn, NG Cuy DR76

Ch<€hng 4 gifiphaph h n’gng Bn€mat ch€PCAL n g DRF6
b g p h€hn gungddrg phurbtmangphanpi . C8&nh pdlamn n "\
matdh g’ i I b3¥@umang phan pH, tuy nhién mich cé cac | phun khi ti khu
v . cml ¢anh k/J cBll ¢ a canh va cac thong ®inh hc,théngsd . ng ‘kch2 L ¢
trinh bay trérHinh 1.1, Hinh 1.2, B[ng 3.6, B[ng 3.7, B[ng PL1.1 (Ph |, c 1). Cac
k/T qul L *& tinh toan_t cac mé hinh md pg vath cnghim L «  Rrg@rgng d
C h €h r{ngd hidhnguyé&n n¥u A va mé hinH’ ng dthg B).

N, i dung va trinh t nghién c ubao g m:

T r. €tién €kh[o sat phanbnhi t  tén QmHucanh nguyén [n (m, ¢
4.1.1), tim ra khu vc chu nhit | d¢ao nidl® céc cH]l, t h /@ xuyén vh hanh,
Xx §cnhd cfnthifcavic t £ mglancn@tvaviri ofn  t £ mglancrt.
Kijgu's h chotty | €n B khagandn t £ mglancneét.

Saus i ngmdhinhthcnghimvaméphn g L « ngt®ng md3.3
'WWkh[o sat[n h * g€ a cac théng shinh h ¢ (S/D, H/D va dong khiRg, VR
tiNu(mc43.KltquL€ea r a Jjo&aWQKilsMDyH/Dv, itiéu chi thu
I ‘& Nucaonkik hi ‘Ingaacdon@hlyk h t higNghiéncu ‘lc® chin
t r°n mingdhywhgul h u cLdég khong th nguyén, bao'gn d k/}
qul vQIn h * ig@dng s dong khi Rg, VR t i Nunh3n [th blo tinh t ng quét
¢ an idung nghién cu. CAdkJT qu nay cé tMI. ‘& ng d ng vao ¢ khuv c b ng
canh héb “il * mg@anh phun khac cdjkell t €hng t

Cac thong'shinh hct cac di khuy/h caob & | t ‘©h nig/D lkho[ng
cacht €h nigl/DL m c4.3s€l ‘& ¢ thwhoa, apdn g ¢ h 0 hgEPCAL ng
c IDR76, L ©yn x'&fcg thW “eng kinhD, s | “@g| cfnthif v, i yéu du
khing lL®iayl “@w k€@ ng kh?2 | " m/jchBmangpi®6c p'!
phimi ° & @®©xulitrongmc4.3

Cack/t qu[ t £ n’'gng Br@méat cha@CPCAL n g DORA6L ‘€ trinh bay
trongmc44 Hiugdlammatca c8c ph<€ehogl8&§nhngalEl €ht
s lammétd, m ¢ | giflmnhit . ¢ ¢ YWwanhit tung binh ca canh so v
ph€hng §ninmgdw°nitBéndh h L - Jjh kdh & makg phan
phim ivagimnhit dong khéng khi lam m&Ethty r »cvilc€ t E mg c €
h str ainhitcotacdng!| n “ilv ivi clam mat canh phun tuabin
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41.KhTo s8t phon b" nhi tcantphuntuabin caodgp s u blt
L ngDRZaGh sng phe€ehng ph&8p m* ph, ng

41.1Khd o s8t ph©n bX nhi Mdanhlphuntuabin amagp s um
Li ngDRéée c8c chA Li wvon h”"nh

411.1Bi An thi°n c8dronfgh??mly Is Xwdt &rCd h 2

K/ qu't md hinhnguyén i Abaogm Kk} qu 'k h 2ngllc h c ¢ adong
khi nong cliy trongk ° n h | €dongtkhdoagrkig lam mat B bén trong kénh
d, trthg thai nhit ¢ a canh tuabin. Tronge n "y xpmt s @tqu L
chinh ¢a dong khi néng dly trongk ° n h | ‘€hao gnhkp quj vQnhit L
dong Hinh4.1), vah t c dong Hinh4.2a) , n ¢ n 't qagdong Hinh4.2b) va ap
swHidong clfy (Hinh 4.2¢).

p——— T T——__ ___Temperature
Contour 12
\ ) 1.360e+003
. . 1.344e+003
| 1.329e+003
1.313e+003
v 1.298e+003
y 1.282e+003
P> 1.266e+003
\ ! 1.251e+003
. ‘ 1.235e+003
1.219e+003
1.204e+003
1.188e+003
1.173e+003

% 1.157e+003
/ 1.141e+003
N B
(K]
L
c
Hinh4.1.Phan b nhit | dongkhitronk ° nh | €@ tCHP g Llc h DR7 ¢
* ¢ § ¢ cati khac nhau (¢i, I'nhm c)
ail L cao 25%; i L, cao 50%; d L, cao 75%
Hinh4.1biWi di n s bi/h thién nhit | dong khitrondk ° nh | €gact ht n
I, cao khac nhau, dong khi c6 'nhi, ¢ao ntdl® L, cao trung binh do sphan b
nhit dong khi sau bin g t L k h™*nrgg k& cao nHl® L, cao trung binh
(Hinh 3.11). Nhi t | ddng khéng khi lam mét coJipi thién theo EL, cao va dc
theo kénh #n, tuy nhién trérHinh 4.1 khdng tWhi n s bi/h thién nay do B qul
nhit . dong khéng khi lam méatan ngoai di hiwi th L ‘& | a ch n. K/} qul chi
ti/t ¢ anhit & vt c dong khdng khi lam mattrongkén¥d ph2 a ' d r on g
trinh bay chi i} trénHinh 4.37, Hinh 4.38va trong Ph |, ¢ 2.
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KJT qul trénHinh 4.1, Hinh4.2cho tby: d ctheok ° nh | @@ CRPOAL n g
cé nhit A ap stildong khi gfm ofn, vdh f ¢t Fmt§ phih b ng canh dong
khi co nhit  Waapstt cao hhndipd 2 @h tI@Cge®] qu nay
hoan toan phu tp v, i ly thuy/} dong cHfy trong tuabirj135]. Cac cH]l, khac (80%,

62, 5%, 5 0[®chtuacho cgck.qu t €hng t

Velocit Turbulence Kinetic Energy.Beta Pressure

Vector — .\ 7§ Contour 12 Contour 12
5.334e+002 . 1.000e+000 | - 78 g 1.231e+006

- RN oo || ) ¥ 120051000

! \ K e+

P 8.000e-001 £ 1.137€+006
gl = 7.000e-001 1.105e+006

R 6.000e-001 | 1.074e+006
= i { 1.042e+006
| 2667¢+002 \ 5:000:001 1.011e+006
\ 4.000e-001 | 9.792e+005
=y 3.000e-001 | - 9.477e+005
% ] 9.162e+005
1.334e+002 Nl 2.000e-001 | 8.8476+005
I 1.000e-001 | 8.533e+005
0.000e+000 8.218e+005
0.000e+000 f 7.903e+005 i
[m s7-1] [Pa]
0 0.045 0.09 (m) o 0.045 0,080 (m) 0.045 0.090 (m)
0.0225 0.067 0.0225 —0.067 0.0225 0.067
a b Cc

Hinh4.2. Phanbvahf ¢ ( .an)g, nlk (b)graap s ¢ a dong khi trong kénh

| €u t h4 mHycduirung binh CPCA (cfl, L'nh m c)
41.12Ph©n bX nhi Mt Li tr°n bi°n dvung c8n
K/fgu nhit & ¢ UYlTmax nhit | ttung binhTae ¢ a bién dhg canh
cacc]l L& t r 3 nh * th Hinh4.3 Khirgifim tdy ga 10% thTmaxgim
kho[ng 35 K, Tavegilm khdng 30 K. K} qu trénHinh43c 1 ng HW:ho t h
. 1300
= N
H 1200\,
1100 ST g
= 1000 @T_max
Z 900 BT ave
800
100% c I62.50%  50%
[ % tay ga]

Hinh4.3. * th biWidinmts thdng § nhit  ttén canh céac cH]L,

- n, sau lam mat trung binh OT,, =T, T,) n3n trong di

aTae=178+221K, tY vang nhit |
N3 trong kh@ng aelmax= 63+75K.

¢c Yrmc , Gifmnhit (DT, =T, T.)
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-T 1 €U nglkh@ng khi lam m&@=GdJGa( t r o ngtlehmlsg |~ | €
|'@g khtng kh2 | " <ngkh®rigkhCdyQua may nén| kg'sh hl
s lammatd2 t tih edgchll, (g=1,9:2, 2 %; d 3JcaOgid¥rBagmem 3 9
trongdi “tnhgdcakW | " mi m§t€ul di%ng iBd, 1Bl ph©n pt

Nhit  ¢c YL chjl, U'nhmcTma= 1183 K, tromnglankhi L
vi cti  Lah pkim niken chunhit r & 6[Fw=1273K[117], [120]. H s
d tr. nhit[n]=[T] WTma=1,08, t @igwiqhit  d tr T=[T] vi-Tma= 90K.
n ©y Itttongmhng ly do khéng ti\duy tri cH]L, nay trong thi gian dai, tng
thigianhdtl ng" ch]l, U'nhmcca . ng ch DRV Wiaah lam
200gi. Tr Qurkigntii b3 nhngt clkhoth hng* ch]l nay, tuy
nhi°n @kiathdchithi L ©&hthsch]riil n. Wnk ng ¢ §8od t htn
tr nhit ([n]T, T) hotb 1a thay tW]vd i u tién tih , btih  h hibJadh ot L ng
cglammat, gmnhit ., ¢dho c8&8nh t uaWitm.ggisthdt By c -
ca g "Ll L'nhmec.

KJI quf tinh toanphan b nhit | ténbién dhgc § n h  p b thwhi nl. €
trénHinh 4.4 vaHinh4.5. Ta tiy phan b nhi t | ttén canh phun cac chjl, hot
' n g nddhgvinhauvavtrig avangnhit | ¢c 4gfn nh<€ kh'ing t |

Temperature
Contour 13

. 1.183e+003
1.150e+003
1.116e+003
1.083e+003
1.050e+003

‘ 1.017e+003
9.832e+002
9.499e+002
9.166e+002

I 8.833e+002

8.500e+002

Hinh4.4. Phan b nhi t  tténbQmHungoaicanh phund ch/JL, 100% tay ga
Temperature! P

Contour 9
9.880e+002

. 9.627e+00:
9.374e+002
9.121e+002
8.868e+002
8.615e+002
8.362e+002
8.109e+002

I 7.856e+002
& +
[K]

0075

Hinh4.5. Phan b nhi t  ttBnbQmHungoaicanh phuntd ch/]L, 50% tay ga
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Hinh4.4+Hinh4.6 cho thy viing nhit . d'c YB3’ khuv ¢ | tao trung
binhca | €ng Qc §mhggillihhbimts | T do nh€ sau:

Temperature

Contour 14

\ / 1.180e+003

& » . 1.155e+003
1.130e+003

1.105e+003

1.080e+003

1.055e+003

1.030e+003

48 L. L,
€

1.005e+003
9.800e+002
9.550e+002
9.300e+002
9.050e+002
8.800e+002
I 8.550e+002
8.300e+002

0.01 0.02 (m)
— — 0 0.01 0.02 (m) — S—
0 0015 — — 0.005 0.015 K
0.005 0015

a b o
Hinh4.6. Phan b nhi t | tftong canh® ¢ § ¢ cadi khac nha(ch/]l, 'nh m c)
ai L cao 25%; b L cao50%; d L, cao 75%

-Khuv ¢ ¢ cao ttung binh c6 nhi . dong khi cao nil (Hinh4.1)," hai
l'fucanhmt ° hg@hitl n ‘lc®uyQinhit ra v nh ildawyving° n v
nhit & c YkuHhi n° khuv c | €ao trung binh;

-, vangmli i co8lang khong khim math it mang phan ph, h s
t r aimhit” vingnayt £t ng |Hinh4.7a),almt ( ¢ ¢ Ylkhéng xu hi n
“mli c&nh;

-Tuy nhit , dong khi dng phiapng c8&nh cao Hinhal) | €ng
nh€eng dx¥ Khimgdkh?2 | " m mgdntipynl2can!| kehg, d
| ‘©u nglki®ng khi cfiy qua kénh nay nhh h n' s thr aimhi £ bQmkHutrong
ca | €ng, kkBmnglanhtHinh4.70). Dovdy nhit ¢ ¢ YlkkuHhi n'
| €n g ¢ Bhonlg pheng canh.

4113HM sX trdao °lbhYibZnmilMt c8nh phun
TrénHinh4.7trinhbay Kf qu h s t r aimhi thgi a dong khéng khi lam
mat v i thanh vach bén trong CPCAYTMI i di&n ht, £ n¥éhdmhiu_ ng
Iu° ng khong khi lam méat'tht mang phanphiv adpll v o ml i JEv®nh (
hiung n”"y L«mtt123tranglh)".y Sau Ingt mihie ocihireh t
Luli ‘csBtnthaimhtgiilm d o gl n tnrod giflm dfn (Hinh4.7).
C®n g, ddbng nhitgwphan b ph ctth h Himh4.8),t4  roénhqgw co
gia tf | n nhAl do dong khindngth itr cdinvao khuvcnay sau L | °
s§t Lulclphfmphiabng v 9 €mbi h €8 mhjonhiktc a
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thanh vach vi dong khéng khi lam mato gia tr cao(Hinh 4.7) nén nhit | t& khu
v ¢ nay khdng caoHinh 4.4). Phan b c*& g, dong nhitgw L i 1 idQnkth
trongca c&§nh Kmgyibh €hmginhith

hte cooling air —_—
Contour 8 hie cooling air
Contour &
- 1.500e+003
= ! 1.3508+003
1.200e+003 [N
1.0500+003
9.000e+002
7.500e+002
6.000e+002
4.500e+002
3.000e+002

1.200e+004
F 1.080e+004
9.600e+003
8.400e+003
7.200e+003
6.000e+003
4.800e+003
3.600e+003
2.400e+003
1.200e+003

0.0006+000
W m-2 Ka-4]

1.500e+002

0.0000+000 !
“ . W wm2 kA — Z EENEC o
mat bung mat lung maét bung maét lung

a, b,
Hinh4.7.H s t r aimhi tht dong khi vao ®mkbtrong ¢ a canh
( b 'nhmc)
ai dfi hiwd th toan b; b1 dli hiwith ¢ c b

ANSYS ANSYS
R18.0

Wall Heat Flux
Contour 5

i 6.5006+005
5.850e+005
5.200e+005
4.550e+005
3.900e+005
3.250e+005

I 2600e+005
1.950e+005
1.300+005

I 6.500e+004
0.0006+000

Wmh-2)

0 0015
— —
0075

Hinh4.8. Phan b ¢ “@gl, dong nhit L i Qmkbiigoai cla canh (AL, L'nhm c)

4114&ng sumt nhi Mt € tr°n c¢c8nh
~ngswiphaptuyp  ( nor madc csUlmegms k §lAuh wvw¥%n gl | €
(Hinh4.9a)., L © yg s phap tuyh mang dih &m, cao nHl & 125MPa, tc la
canh bnén. ngsHti/ptuyh ( sheakces Ul emed a h'ng canh
(~86MPa) ¢, n v WosiHndy€anh ( L afn oohg di 7-23MPa)(xem
Hinh4.9 b). Vi d"_ ng s phap tuyh vatip tuyph QUx[yra khuv cgi abng
canhnénngsHquyd (eq st Wes Si~190MPa) gi atdm png canh
(Hinh 4.9¢c).
KJT qu tinh toan cho thy, phan b ¢ a_ ng sl phap tuyh, ng s ti/p
tuy/n, ngswd quy d trén plin bién dhg canh caccll]l, vdh  h " nh kh§ t
ngvi nh quay chth ‘& gili thichbis ['ng dhg ¢ a phan b nhi t
L, trén canh céac cH]L, vdh hanh Hinh4.4, Hinh 4.5). Hinh 4.10trinh bay K} qu”
_ ng s phap tuyh, ti/p tuyh va quy éh ¢ ¢ Ytrén bén dhg canh céac chL, ,
khi chV]L, tay ga gim 10% thi gia tr¢ a ching dim t ‘€ hald 4,5%, 2,7% va
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7,8%. Cac R qul nay an trong i gia tr t h @ g ¢ a_ ng sl nhi t trén canh
tuabin[24], [76], [81], [107], [140].

c

Hinh4.9.  ng s nhi t trén bién éhg canh chjl, 'nhmc
a-_ ng s phap tuyh; b- ng swHiti/p tuyh; c- ng st quy
200
150
100

—
o

v

v,v
L
v
o

v
I‘?‘A
i
4]

Rt o
elated

"
ol
55

W
ey

L

o
o,

st
5%

R
wetel

Normal Stress

v
55

datel

AT,
LI

L

7

% ; Shear Stress
> 9 s fasl i =

c .50 [100% %80% nfo c gz.so% §50% HEQ. Stress

5

v
5

-150 Chny L,, [% tay gal
Hinh4.10. ngswinhitc ¢ YL céac ch]l,
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Do canh phun'bkG@ bi hai ‘vh anfla néh ag swdido | ¢ khi thw
gO©y ra cho c 8imh, plha mgsH@mhhdpnl 10 MR as,
vling t i 20MPa. Qua tinh toan i rag, phan b_ ng sl quy o trén canh phun
DR76 khi xét ti| ckhi thkhéng c6 s khac bit L' 8oy i k thg hé b qua
| ¢ khi thw

Vdliu r 4680CC, 900C )i h% b [fo210f t Shgribtng
370MPa, 200\Wa[120]. T. d i’ u_ng sw nhi t (Hinh4.9) vanhit | (Hinh4.4)
trén canh cho t hai v tri nguy hwh 1&° khu v ¢ gi a b ng canh cé ng sidicao
nhil (~200 MPa W tinh ¢ thém_ng sidido | c khithy n h €m g thn b n
800°C,sovigiihthbQ,h s antoanIn hhn khuy 8gia | €ng
~ngsHinh hhn 100 'MP dontdla910C, h s antoanIn h nCac2
khuvc k hQgad ngisiHivanhit  nh hhn 2 ckdywh e@dfi s an
toan trén bién ¢hg canh phun lubhn hn 1,

ch

cs8nlt

4.1.2Khd o
DR76k h i

41.21¢c nh h_eng

N/us | “@g| phuntd khuv cml i
nh<€eng it hlkazy ol phur(Bg) trén mang phan ph
t haipdrlt , v3° g oln@u, &deng khang kbi lam mat thijtidi n
thong qua cag Inay la nh nhtl (B[ng 4.1).

nhi
L Yi

S §t
t hay

Mt L i cénh phum tugbinsao™d i md i dt
thtng sX d,ng kh'!ng kh?

ckiéng khi lammét cli ngvhi Mt Li tr °r
@& npnhble3mm) khng I
t h % ngkhéng khi €
| €u

B[ng4.1. Nhit | danh phunyvi | “@g khéngkhi lam mat khac nhau
n ©ng kinh, [nm] | D1=0,6 | D=0,8| Di=1,0 | D=1,5
(Nguyérbin)

T ng di n tich cac | lam mat, F [mrf 254 | 452 7,07 15,90
T I khéng khi 1am matgy. [%] 1,01 1,6 2,08 2,9
Nhit . d’c Ytién lQmHingoai ca canh] 1235 | 1177 1183 1135
Trex[K]
Nhi t  ttung binh trén ®mHungoai ca| 1075 | 1030 1026 989
cénh, -Eve[K]
HsI " m m§t, d 0,28 0,35 0,36 0,42

KJT qul trénBlng 4.1 cho thy  t de lang gim TmaxVa Tave cONdt £ ng Vv~
n g€y Kdati 2,08% I€rg2,9% thTmaxgilm 22K, conTavegilm 20K. Khi
gifmget 2,08% con 1,6% thmaxvaTaegfn N h € g k h'h, aoy khige gifm
XU ng con 1,01% thTmaxVaTaet £ n g t. K/pqul mo ph ng cho thyy s phan b
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nhit  tfénQmHungodica ¢ §nh | " "ikhiQtsngi tphha§hnlg §n r
b[n trénHinh 4.4.

41.22¢ nh h_eng cva nhi Ml "limi m8t &misumht MK
K/Tqu vQs ph thucganhit , ¢ ¢ UTmaxva nhit , ttung binhTave

trén lPmHuNgoai ¢a canh phun vao aplipc va nhit | Tc dong khong khi lam

m§t cl @ r 3 nh _rytrgnHinh@H,Hinh4.12. KJ3 qul cho they khi nhi t

I, dong khéng khi lam mat gifmn h " mg@rtt i Taweh hNTmde,” L ©y "tn hi

L, khéng khi lam maf.gifm 100 K rng@hTwegiim3 9 K n Tngchg

gilm khd'ng 19K.

1240 --©---pc=1233 kPa 1120 - -=-©---pc=1233kPa
- 0= .pc=1171,35kPa = 0= -pc=1171,35kPa
1220 —_—A — pC:1109,7kPa 1080 -l pc=1109,7kPa
—=&— pc=1048,05kPa —+&— pc=1048,05kPa -
< 1200 e <1040 e R
- - £ > Lol --"_.-9
g " -~ e #1000 IS St ol
E — - - - R PP
— 1180 ~ _ o= - - A - ‘_,0"
-7 LT o= " __e-""
1160 N 960 i
—‘—e"
1140 e 920
400 450 500 550 600 650 400 450 500 550 600 650
ch [K] TC' [K]
< ao . < N ao . <
Hinh4.11. ~th [n h Mg€aT,p. Hinh41l2 thinh mg€aT,
tx | Tmax L | Ta\/e

Trongthctj khis d ngb t r aimhi Ethicungyigifm nhit , Khong
khi lam mafT., ap sttll khong khi lam mgpcc T n Bm. Khi gifm pe s€lam suy gim
| €U nglki®ng khi lam maic (Hinh4.13) , d o L TmaxVa Tk K dufchp
thBf khip: gifm 10% thiTmaxt £ N'g  t r u nTget b A g 4B} goKhi thay
I” i nhi t | A &p skl dong khéng khi 1am mas phanb’ vQnhi t | ttén lQmHb
c&§nh phun clsaidc k hit Wapgdocdac gid trc ¢ Uka trung binh
thay L

M. ttrong nhng thdng s YW § n h g qu8amhmiat canh tuabin 1a ts
lam matd = §-Thve/(Tg-Tc) [47]. Hinh4.14cho tiey s ph thu cgah s lam mat
dv " o 1n@khong @dbcvanhit = ddng khdng khilam mat., L © yby rRab
khinhit  Bmmatgim Lthis | " m m8t . ng glmxndi cdckekhac, s
d. ng dong khéng khi c6 nhi | Tothgd  hldmmhi t | & ¢ Yltrung binh) tré
canh €thgd  h Himh4.11, Hinh4.12), tuy nhiénds€thgp  h hn .
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3 0.39
25 1 - S — —O0— _ 0.37 I’OAP
— DR R ey
< 2 e — ° - -17% 0.35 ‘&’
= s - -~
$15 e ey -
1 Nﬁ 0.31 2
—8—Tc=637 K
0.5 0.29 /L7 --9---Tc=537 K
400 450 500 550 600 650 0.27 dot” — A To=487 K
Te, [K] 0.25 —0—Tc=437K
—0— pc=1233kPa - -0~ - pc=1171,35kPa ' 0.7 12 17 29 27
--#--pc=1109,7kPa —H— pc=1048,05kPa e ,[%]
Hinh413.4n h “dg€anhit T, Hinh4l4 dnh “Mmg€anhit "~
apsidip:t i | ‘&g khéngkhilam | “@g khong khi lam matth s lam
matgc matd

4123 nh h_eng cva nhi Mt Li v’ 8p sumt Kk
Lui trphum c8nh

KJT qur mo ph ng trong ANSYS chothf  k hi i T, n.ahan bl ng su
tr°n c8nh iknhiQng nn@alic d Yiphap tuyh, tip tuyh va
quy M) co st hay /Jhm c &n quan tdmHinh 4.15 cho thby ng sl ti/p
tuyhcc YL t hiwong di 70 +90 MPa.

__ 95 --G--pc=1233kPa -100 T [K]

s Q - ©--pc=1171,35kPa —. 400 450 500 550 600 650

S 90 N - $.110

= N —A- -pc=1109,7kPa s

& 85 AN —&— pc=1048,05kPa 5-120

e n

& 80 L.130

§ cgcs 140

S & £ - --o--pc=1233kPa
70 . 2_150 g - o= -pcji?l,?i:fa

400 450 500 550 600 650 +— pc=1109,7kPa
T, K -160 —0O — pc=1048,05kPa

Hinh4.15.4n h “hg@aT, pt i . ng Hinh416.4n h " hmg€aTe pet i
sWHiti/ptuyhcc YL _ng swHiphaptuyhcc YL
Hinh 4.16 vaHinh 4.17 cho thy, khi Tc cang gim vapcc ™ n g, hgtsukig
¢ ¢ Ykang ] n. KIF qul trénHinh4.15:Hinh4.17L ©a | t sanhdm xét sau:
-Tc,titnagngsicc UL nhanh§ & hgthpccao hhn.
-S sailch ng sl ngsHti/ptuyhcc Ywa ng swiquy dcc Yl
t €©h mgkhdnggua 50MPa, va 60 MPa.
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240 --©---pc=1233kPa
230 Q\ - - -pc=1171,35kPa

T \, = -pc=1109,7kPa

z 220 \\ —+&8— pc=1048,05 kPa

@ 210

n

£ 200

n

= 190

L

400 450 500 550 600 650
T [K]

Hinh4.17.4n h " mg€aTe, pet i ngsHiquydhcc Yl
Vi c gifm nhit , khong khi lam maf. tuy 1am gim nhit  tén canh
nh€flg II"m t tngt  dais@nHegod varmibtrong ¢ a canh. Do
I ; ngswinhit t £ n@mnkihj kKhdng khi lam mat.

42.Nghi °n ¢c.u | a ch n ¢c8c thtng s h3nh
Trongm ¢ nay, tac diti/n hanh nghiénai[n h * g€ a cac théng'shinh
h ¢ (H/D, S/D va cac thdng sdong khi (s Reynolds ca dong phurRgvat s
vch f ¢ dong phun/dong ngandR) Jnlh s t r aimhi tnham| achngiatrh p
ly ¢, a cac thdng'sndy | =~ mngbién cs QKuHik/J chlil mang phan ph trong
m c4.3. Vi c| achn k} cBl mang phan phd atréntiéuchicohs t r aio L
nhit( L ©y dd%n g®Hdng th nguyénNu) cao nidinhAn  t £ °nngg ~ cgee
nhi tt{ arat bQmkubén trong ca canh phun, tl -t ¥ ngtm m& dim nhi t
L. trén canh phun.
Nghiéncu ‘Lc® c hi nbag cach i h p th ¢ nghi m va mé phng trén
hai dthg tbin (Hinh 4.18 a,b):
-TEN 3| (Ix3)nRm L 8§ nh gi § actad theach 8 ahiQugudi
dong ngang%/D) con coiS=b;
-TEN 9| Bx3)vib&| S=S,IWM. 8§ nh[nhpi Bg€a t €hng t §c
cac] L' ngth itheo d 2 chiQu x va y (ch@ vudng goc vi dong ngang).
V.i ¢ Y%nmlg nH/D, S/D, Rg VRhinh dhg phan b Nutrén hai Bin nay
khéng c6 sai Ich nhiu (Hinh4.18a,b), tuy nhiénd khuv cgj acaclt r °°mg L €
y=0 Hinh4.18c) Nutréntth 9| ( 3 x 3 ) &3 (Ix3H. Nguyén nhan: dong
khit cac] t r °°nng y=@c¢ a tih 3x3 khong tiMt do cHy sang hai bén (theo
chiQu vy ) bmlk3E&do iy badbbu ¢ dong khi phattkd theoch@y x| Nm t £ n
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S6 Nusselt % S6 Nusselt 55
180
160
140

120
100

x/D

x/D

80
60
40

10 B
- 2
1515 1I0 -é O 5 1I0 15 £
yiD yiD
a b
250
1x3
210 "= ()
3x3
170 — = 33() w4 "\i\
2 5
130
90
50
-15 -10 -5 0 5 10 15
x/D

c
Hinh 4.18. K/ qul phan b Nu trén cachin nghién cu

(Th ¢ nghi miH/D=2, S/D=10, Rg=13000, VR=7}
aiPhan b Nutrén &in 1x3 | ; bi Phan b Nutrén &in 3x3 | ;
ci S Nut r °"mg y=€xa 2 tih
Mt Whdnchay:d lfugamts L \Whgrntam ca tain b nhi u dolnh
h ‘ehg ¢ a dah thap trén man hinh camera nhiHinh 4.18). Do vdy phép ni suy
L&s dngWld lifu c $khdngbnhiu xung quanh'ct2nh
L g x agh@dc@dl (*) trénHinh4.18+ Hinh4.21 vaHinh 4.24).

421 nh h_ens& ®Kegnol ds ¢Rgavatdi) ng X pdorgm t X
phun/dong ngangVR)t chiM tsrXa o LYi nhi Mt

CaccH]l, th cnghim TN41a,b+TN43a,b L €& qu [ hk mge
¢ as Reynolds ca dong phurRg t i h s t r a pbnhilt khi VR=7, H/D=2,
S/D=10 K/} qu't h u c & ghan b trung binh Nuheo ch r ng i (Spanwise
Averaged Nusselt Number Nusp (Hinh 4.19).
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200

Re_j=13000

- ===Re_j=13000(*)

Re_j=15000

— . =Re_j=15000(*)

Re_j=18000 J TN
o — . Re_j=18000(*) oo .
S 140 S .

Z

/\/ ./ N
120 .:’,-—~\\\/\
/’I
100 V-/\’\—/
80
-15 -10 -5 X/OD 5 10 15
Hinh4.19. Bi/h thiénNuwspV, i S Reynolds ca dong phurRg khac nhau
(Th ¢ nghimi mé hinh 3x3,l - VR=7, S/D=10, H/D=2
L ©y Br:a th
-C§ ¢’ ngNesp ' ng dthg v i nhau, § Reynolds ca dong phurRg |, n
hhn ‘cshior dimhit ¢ a dNugntn c@o hhn) ;
- Khis Reynolds ca dong phuiRgl. n  h haNutxiB=NUmaxzNUnaxicao
h hnL ©NMunaa Nunaxsla gidtrc ¢ YK aNuwptd khuv ¢l th nhHlvath 3;
-KhiRgt £ n g ttr BANWyd ch chuyd sang bén dhxubi theo chi
dong ngang nigy hh n .

Nguyén nhankhi s Reynolds ca dong phuriRgt t kég theovdh t ¢ dong
nganguest £ n g VR=Comst =§, K/ h p d haiyuf naynénNut togo hhn v
dchchuyd “IngNusangbénph. Khiust Lt nAh pwki | ‘Ggt ta€)
th nhivath 2 t £ nglamichob s svdh t ¢ dong phun/dong ngangR’
cac| cuicanggim mthh Urc " ng t £ ng)ng h @Ryt E s&damr €
choaNumaxz3ac a 0 h hn.

V. i Rg khac nhawn h €phan b Nugi' ng nhau @mHy “nli tinhnén trong
cac nghién cu v i VR, H/D, S/Dkhac nhawi ¢ th ¢ nghim ch y/u nghién cu
V. i Rg=13000 THic[ ¢ § ¢ ng i p&on H s€ L ‘& tinh toan Bag md hinh mé
ph ng trong ANSYSCFX (B[ng 3.9).

Céc chjl, th c nghim TN 32aTN 3.6ava TN 2bsTN36b L €a r a |
giavQn h “mg€at s vaht cdong phun/dong ngadRt ih s t r aimhi k&
(Hinh4.20). Khi VRgi[m thiNusp (Hinh4.20) vaNuave (B[Ng4.2) QL t L/hai. K
nay pht hp v i nhch “nhb trongedng trinh[47].

Tuy nhién khit s vch t ¢ dong phun/dong ngadRgilm thiaNumaxis cang
L n, Qhaylado/Rg ch * khuvchanglth 3nh h hn h Tfatgen. Khi

180

160
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VROLOt h 3 [ chiaNumaxes khong | n, tuy nhién khVR=51L, | ¢ h
I'nnca ™ th Nupgi al th bavath nhHll chti20%. M dOVRgilm [am
t"irdiot Ln h'@nrg® vt gt mat ¥ ra xa khu ve
ngamghpVRs50 h dfut t @i qa L

t £ n'@_ nhg

tam | xudi theo chu
Nuwpl ¢ h  I'1j7D,con) cu i
thi/t k/Jv tri¢ a| phun trén mang phan ph

d, ng

c ¥2n g

Ny

QinayZn 5oe | eiu 1

ttng

khi t

150 VR=5 ====VR=5(*)
VR=7 - = -VR=7(¥
140 VR=10 — - =VR=10(*
130 VR=D VR=DBLIT™N
120 s S
%110 LA
S ' .
Z 100 g
90
80
70
60
-15 -10 -5 b 5 10 15

Hinh 4.20. Bi/h thiénNwspV, it s vdh f ¢ dong phun/dong ngangR khac nhau
(Th ¢ nghi m md hinh 3x3 - Rg=13000, S/D=10, H/D=2
Blng4.2.in h “mg€at s vaht c dong phun/dong ngandRt i s Nutrung
binh trén toandin k 2 ¢ h ¢ I0DXED
(Th cnghi m md hinh 3x3,| - Rg=13000, S/D=10, H/D=2

VR 5 7 10 15 b
NUave 1183 | 111,6 | 97,9 | 908 | 846
NuavdNUavd VR=| 1,40 1,32 1,16 1,07 1
422Nghi °n cou | xa chXZn b_ac | € S/ D

Th nghim v icungs Reynolds ca dong phurRg=13000, kholng cach
t €h nidg/D¥2,t s vah t ¢ dong phun/dong ngangR=7khib & | S/Dkhac
nhau cho ta cadkqu trénHinh4.21., L ©y by, khiSIDBBc §c¢ v %naqgt tng
t r aimhi Lg ahai] phun é¢hh nhau hoan toan tach bicothvh - i k hi L -
phunrathail cchh nhau U hrhau.NtaEccaSAD=8vaS/D=10gfn
nh<€ kh?! sagkhacHinhd.22).

Khi.ch®D=5t €hng t&§c n” vy tktnmgg |t*imbia cl§ c
b Fulgiao thoa vao nhafiHinh 4.21), Nuave gilm nhGso vi  ° tng hep S/D=8.
TronggHpcahWfn t £ mg o ©nhidtdltrung 1 ving co thi, a
ch nS/D=5.KhiS/D=3din t 2 ¢ h v ‘g may dith mgh d G’ Nuave
gifmmthhsoyi ¢ §mg hp coeH (Hinh4.22).
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250
200 - S/D=10
- =\
150 lf ‘} - = -S/D=10(*)
(4
Z / N S/D=8
100 ’
-===5/D=8(¥)
50 S/D=5
0 S/D=3
.15 -10 5 0 5 10 15

x/D
Hinh4.21. Bi/h thiénNut r °“mg y=8 i b & | S/Dkhéac nhau
(Th ¢ nghi m md hinhlx3 | i Rg=13000, VR=7, H/D=2
120

c|>,100
-
Z

80

60

3 5 7 9 11
S/D

Hinh4.22. S Nusselt trung binNuaetrén t5h 22Dx30D vi b & | S/Dkhac nhau
(Th ¢ nghi m md hinh 3x3 Ii Rg=13000, VR=7, H/D=2

o ' “l U/ Uer
1 \ Contour 2
m m 4 - :., _ 8.500+000

a S/D=10 - 7.650e+000
| | 6.800e+000
1" J - 5.950e+000
bi S/:8 5.100e+000
‘ 4.250e+000
3.400e+000
2.550e+000
1.700e+000
8.500e-001
0.000e+000

Hinh4.23. CHli trdc dong khi'dc trén mkbphng x0z vi b & | S/Dkhac nhau
(M6 ph ng- Rg=13000, H/D=2, VR)
n Wil thich cho hin  °ig&rén ta's d ng K} qu” mé ph ng dill triic dong
khi trén mrtbcdbx0z Hinh 4.23). Khi S/D=8+10vung gi a cac | phun trén @mHu
thh L 2 ¢ h . ¢cwhfk mhu(u/ug<l), tuy nhién khiS/DC6 viing nay khéng con,



107

khi Woungweh§clngn nh+€ ¢ijiahau. € lpkun \gfn nhau lam
cho di n tich phat t\M ¢ a dong khi sat®@miutein L 2" gifm WKt qul chi ti/}
hhrs phattica d. ng kh?2 &~ c§ €h dthhignSrdngrhi
l.c2.

T caicdliu tr°n LUdo éracmiSIDBy t ronggpg r €
thWefn  t £ maid tru@g cho 1 viing nhcod thAth n S/D&5. DI khuy/h céo nay
chit/' h hni stay h& chung3Cs/DAL2[85]. Tham ko v, i canh phun tiéu
chi J75¢aNASA, 4 v %n g , hg&any c&/Dthed hai chi N3 trong
dli 6,3+7,4 va 5,36,1[55]. Tuy nhién €n | €ag cdnh & 5 ° ¢ |&8n mat vi
| ‘€ u nglk®ng khi_ti gc = 6%.

423Nghi °n cokuhlbokagclkBeHDt_ _ ng LXi

42.3.1° nh h_ erhgpdenwa c §cHY DX _t_anidh MLhXEix thrXa o
inh “mg@akhong ¢ § c h i H/B&H phgn bl Nu khi gii nguyén

cac théng's[n h * mg®hac Re, VR, S/D ° & @\hi n trénHinh 4.24. Ta thy

raag khiH/Dcanglnh s t r aimhi tcangnh, “ngthiv t r "8h ¢ ANucang

xa tam |, nhHila cac | phia sau cdé s vah f ¢ dong phun/dong ngangRc¢, c b

nh h hn Q nni™ ggillteh do khdng cach gial phunvalin L' 2 eghxa ¢

thihiu ng tn§g¢addng phunvao@mritbn L 2 [enhdorg khi phun chiw

Lngvigu L% d~ i . dkhiodthwa & vao QmHtblh L2 ¢ h .

230 H/D=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 = = -H/D=4; VR=7(})\
170 '..' “

5 150 ? AN

zZ '
110 bt

./, N
90 ,7
70 ==
50
-15 -10 -5 b 5 10 15

Hinh4.24.4n h " hg€at s HDtiNu
(Th ¢ nghi m md hinh 1x3 |- Rg=13000, VR=7, S/D=1)
Khikhofln g ¢ 8§ c hi H/D@hthighuicl sauciNuc ao hthre |
(Hinh4.24) , Qi L n " ggilith&h dot s vch t ¢ dong phun/dong ngandRc, ¢
b gifmlamNut £ n g /3 mtc#.2.3. Tuy nhién khH/D=3 vaH/D=4 L' @ nay
khong con ré rang ra Hinh4.24), Nu™ |, cu i con gim nhGso v il Lfu tién,

I
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I” @NUmaxanh h hMumaxikholng 9:15%(Hinh4.24). KJ1 qui nay pha hp v i cong
b ¢ acdng trinH36].

42.3.2° nh h_ekrhgppdowa cB¥ DXt andh dh®X thrXao L
khi | _u | _1tng d,ng ngang khlng LYi

Tr onQ@ ki i iam vic ¢ a canh tuabinkhu v ¢ m1 ¢anh fg thu dong
nhit] nnHEi(Hinh4.8), d ofn [Mbloc | “©ng khdn@ khi phun vao khu
n"vy, n- i c § nglt a #ohggngangfal €uh € €k & * n iakposd
kh2 | " mnog§tiEt a8 may nén nén coMboinhit | Vakhi ~ hge
riéengga d, ng kh?'nd.kIHK?#itkhHalye gikhtfng cachH gi a
mang phan ph va bQmHubén trong cacanh 8l ©~ m t ilvén § ¢ triing binh ca
dong ngangt claHt £ nlign H/Dt Lt nlgn) thi veh £ c dong ngag gim n Ifn
(t s vahf cdong phun/dong ngangRt £ nlgn).

M6 ph ng CFD trén md hinh 3x3 kho ra i} qul Hinh4.25vaHinh 4.26.
L ©y bBykhikhdinmg c & c hi H/D@Hm thiNlkeg atoanh ( k2. ch t h
44Dx44D) tikng | HBgmn g hy Y mdenrhgd nn gdabrsg  t £ n
vch ¢ dong phun/dong ngangRgilm) | ° m ut rbon gt idaiat. V.Li khu
vcgncacl phun ( kec23@D30D),H/EBgiImt 4ti3lamNuwet L Nng 1 »
rt,khiH/Dgifmt 3 xu ng 1thiNuwet h d@iyv. ittc  tih h h iMin(4.25).

80
» 60
2
>
40 Nu_ave of 30Dx30D
Nu_ave of 44Dx44D
20

1 2 HD 3 4
Hinh4.25.4n h “tg€akhdng c¢ §c hiHD&hNugek b i ‘Ingdong €
ngang kivophgng o hinh 3x3 i Rg=13000, S/D=10

KJ/I qul chityl  h h athwhi@ trénHinh4.26,° L ©y HKDhk4, VR=8
L “hgNuspnInthh h Rirsovi ¢ Brgcor @, d oNuket r miigg t r €
hpnaynhnhdl t r o n gg hep&kido satr €

Khikholn g ¢ § ¢ h'i H/B2h53c 8'c nd’N&pn3n sat nhauHinh
4.26). T r &y h pH/D=1, VR=2thiNupC - nhlthgp h h W/Dk1543, vnh L
n"y ¢l ng,.nggim dfu Tuly ehién khu vc gj a cac | (x/D=-6+1 va
x/D=5+8,5 thiNupcO KT qu'c a 0 h thnn@& B H/D khac.
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120
100 Al N H/D=1; VR=2
80 H/D=1.5; VR=3
Feo s N N [ “S—— H/D=2; VR=4
40 . - - = H/D=3; VR=6
20 . Y/ — - -H/D=4; VR=8
0o =77
-15 -10 -5 b 5 10 15

Hinh4.26.in h " ihg€akhdng c¢ §c hiHD&hNugk i ’ngdong €
ngang kif@vo phgng tho hinh 3x3 Ii Rg=13000, S/D=10
Gifmkholn g ¢ § c hiHD&K nng tlhaug r haiimhi £ ,We6lhi u
'ng ttnpnhitg chothil/D=1,53, phthp v id[ikhuyh céo trong47].
Tuy nhién khicungt s vdh f ¢ dong phun/dong ngangR=7 thi H/D>2 cho K}
qurNu' cac | sau €c - x ug giinr€dfn (m ¢ 4.2.3.9, vi vdy nén | a chn
H/D=1,5+2. Vi ¢ gifm khdng cach gia mang phan phva bkQmkutrong ¢ a canh
(H 1 i ° M qdartheitityl ctronghth nglammat, kit nthll n "y t £ r
len £lam gim | 1€@g khong khi lam mat cundje cho canh, tL - mu quh |
lam mat H gifm L i
43.Nghi°n ¢c. u | a ch n c8c ph€ehng 8n t h.
canh phun tuabin cao ap. , n gDR@6h

43INghi °n cou | xa chZXZnt rl° ny nng” rkgg npdardhre pphh.
phun tuabin cao 4. i n gDR@6

43.1.1Khd o s8t, I xa chXZn L_yng k2nh | € ph
Theocéng trinh[104] mang phan pH céanh tuabircé L' “éng kinh | phun

D=0,2+2mm, theotdi Ii u[138] L “ehg kinh | phun" khu v cmI ¢anh phum3m

trongkhdng 0, 88 1, B8ngkinphtrénkhuvelhb® g v~ | €©rhghnc.§ n h

Vid, :cong trinf70]nghiéncuv i ~thgh® ‘lhgkinh] phun{hng v~ | €n

canh) Bag 0,25 va 0,51 mm, trong bao ca@adNASA [49] canh phunfing tuabin

th nhiivath haica ,1'g ch E3 ( Ge n é ngkinh]Bphuefnt ‘it i€c )

la 0,71mm va 0,51mm, trén canh phun tiewghb75¢ a NASA,l, p h un : g L e

kinh D=0,38mm[55]. Do vdy, tac g'l achnkho s &rg kithphun trong {i

0,3+0,75 mm. Theti li u[138] kho[ng cachH gi. a mang phan phva bQmkutrong
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¢ a canh tuabinfn trong khgng 0,4+1,6 mm " i \L i canh 375 thiH=0,76mm[55],
c ., nivli nlg DRF6thiH=0,8 mm[114].

M6 hinh mé phng trong mcnay labinpn g ¢ - kcadSnmx15nime
b&l| t €hnigi alcac| la S/D=10, khdng cach_t mang phan pH Jhitbin
I 2 ¢ W=0J8 mm WHImM blo ti/ di n |theng qua cac mang phan pib3ng
nhauthilachn 3 p h €%y kinh&én 3 &n:

TENS 1: 4| (2x21) ° lhgkinhD=0,75mm Hinh4.27 a);

Thins 2:9] (3x31) ° lhgkinhD=0,50mm (Hinh4.27 b);

Thins 3:25] (5x51 ) ° IhgkinhD=0,30mm Hinh4.27 ¢).

15 mm 15 mm

15 mm

S10D—

ﬁlUD

10D -D=0,30

Q O ~ D=0,50

\D=0,75

a b C
Hinh4.27. M6 hinh ih  T'c@ghién cu

ai thin 2x2D=0,75mm:; bi thin 3x3D=0,5mm: ci thin 5x5D=0,3mm

43.12KAt qud | xa chn L_yng k2nh D

neng kinhDit[n h “dg®ih s t r aionhi I trung binhhawe ¢ a toan
thhp [Mibfo | Aug 1d€ ng p'h(Grl%/E).Giaghat c §c ng r €
hpt s vch fc dong phun/dong ngangR=3+7t €©h g mMn trong di
3127+3226; 3207+3237; 3116+3228m?K, m ¢ , dailc h _id €4 %. dyNh € v
thWeoi have=constkhi D=0,3+0,75mmv i ¢ §mgh p VRE3=7.

Khi® ng khhD=0,5 mm vaD=0,75mm th5} raa g nhic ¢ Yl ah s
t r aionhi it trung binh theo cku r ng tih hspkhuv cl sau cad réechn
(Hinh4.28) , t r oghg ndtykh@n g ¢ § ¢ h'i H/Bah@tgmglbag 1,6
va 1,07 va cang Isau thiVR¢, c b cang gim.

Hinh4.29cho ty  k h mg kithB=0,3mm, gi nguyén vh t ¢ dong phun
u, t hiadgt cldong ngangir L(WRt h a itrong di VR=3+7 (H/D=2,67):

+ Khi VR=7thihsypt £ nFigt |dth nhHit il th hai , dmadn, L- gi
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+ KhiVR=5thihspt £ nid, th ba, tuy nfmmMdth, sau L. ¢
+ Khi VR=3t hhh clahspnh h h i htng BBp VR=5va7, ~nf thi

cac) th 4va5d¢n nmegahpsk ht ng ¢, n r » ° ngtrang bihc a o

t ©h mgla 11% va 7%).

5500
\ A R
__4500 [ \ \
Y4
o | \ D=0.75mm; VR=3
2 30 A)— —D=0.5mm; VR=3
<2500 o~ — \— - - D=0.3mm; VR=3
1500
-7 -5 -3 -1x, [mm] 1 3 5 7
Hinh4.28. Phan b hspkhi VR=3Vv. i ° Bg&inhD khac nhau (Md png)
6000
5000
Y
NE 4000 D=0.3mm; VR=7
Easooo — —D=0.3mm; VR=5
< I~ — - - D=0.3mm; VR=3
2000 f/
1000
-7 -5 -3 _1X, [mm] 1 3 5 7
Hinh 4.29. Phan b hspkhi D=0,3mmv, i VRkhac nhau (M6 pmg)
T céac K} qu trén thoy raag L “éhg kinhD=0,5mml| =~ p h Sthinfgp § n

nhdi trong 3 [pshteb ekposogn ckc h i H/Dehéingn tibng
dii khuy/h cdocam c4.2.3

4.32Nghiencou | xa chZn sX It.ri°mg mi'ngu P htSkzh pll
vxc | _ng c8nh

Theo K} qu tinh toan trong c4.1.1.2phfngi a | € B voaggeo nhi
I, cch caonid, Fnconhngbin  p h § p° ng ¢ha kg v© Miy.Theo mc
4123vic tE£mg d@gkhdngkhilam @itt 2,08% lén 2,9% chiam
gifmnhit | ¢ ¢ UlTmaxl i [kgh4OK. G[m nhit  Kkhéng khi lam mafc L i
100K €lam nhit | ttung binh ca bién dhg canhTavegilm Li 39K, "t uy n
I, ¢ ¢ YlTmaxch gilm khdng 19K. Bén€h h  Lnphdpinay& “m t tng L
kWngswinhit tr°n CBwgugénlyBrhmatl’i | €u'i s imdg L
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h ahG lam gimnhit 5 rt, tuy nhiénvic _dl n "y licong ngh cao
" ngth i cfntinhtoark: | @gwQl, bQv ¢ &g athancanh.Bn  p h § pin, L hn
c6 tinh céng nghcao, itfn h * mg®©i , B ¢ a than canh & bsung thém c&g |
trén mang phan pi® khuve | €ng c¢c8nh.

Khing kh?2°clBytmu nmght ciic@bun g t@pstl L &i
b2ng &p stil sau may nénksau khi lam méat canh phinh * n g °~ & P§Rqualkie
phial u! i [ngakhokghgmngiamthg c8&nh phun v™ “aggnh
khong khi lam mat phthu ¢ vao'tng t¥} di n cac| phun trén mang phan ph . W n
| ©u nglk®ng khi lam mat khong i v, | ph€hng Bin [(rnbjou yl°eu

(

b

| “@g khi clfy qua tuabin)khi b sung khéng khi qua ca4c phun" ph2 a | €ng
cfngifm | €ogkhighuntikhuvecmi é §nh, tuy ndgiiqua k h?tn

nhiQu [nblolam matcbmi ¢anhvapng c § n h vaod @ wénBng
41thByraa g p h €HmgTlngkinhg phun’ khuv cml i © BIHOmMm

xu ng con 0,8mm I&h[thinkdl . T r” egnfgp gifnm 1€ehg kinhD1=0,6 mm

| ©u nglkk®lam mat thivaoml ¢ § n h, ¢ [fnlhong khi€hymua b ng
canh gim mthh, nhit | ¢ ¢ Ylnhit  ttungbinhcadc &§nh t tntg |
Béndh h L -, "nghemgnditi/f t r ° mang phangt s/b co (g
nguy ®mkiih@ D:=1,0mm) cfn bt b t cac] phun" p h 2"rh cdhh va chan
canh (khu vc nay cé nhit | th  h h nt g na ¥anhrong va vanh ngoai nhanh

h h rtipht o § n, thradcfnbt4 | trong 9] hi n co.

T. céac K} qu nghién cu thbf ria gWidbrah s t r aimhi kcao nitd
khuvc | €©ng cashml egkmhDEO,5mm(m c4.3.),b&|l t €hng
L'i S/ID=10 (m.c 4.2.2, khofln g ¢ § ¢ h"i H/E40,8ngm/05mm=1,m, c
423.Qua t2nh LWPnghlofah b €gkhdhg&hilammék ht nig L
thi trén mang phan phh  p h 2 a  ¢6@W tri¢ch8m Giheb 9 | L “éhg kinh
D=0,5mm

T K/ qu phan b nhit | tén bién &hg canh Minh 4.4), thby rag ving
nhit  daontd(TO1 149K - kccaoh i igh Bmmx20mm, i tam ¢ a
ving n chinh gia | ©ng cdgeohibWb ®I@ hang | (co L “eng kinh
D=0,5mmb & | t €h nig/D#10 theo ch@ cao, | gi arrm™ L, cao 14mm
(chiQu cao bién hg canh 1a 28mm)T. ¢ §c t 2 nh trdnda8af | &sdhn b
khfo s8t ba ph€ehng §8n s aucathmplungd ng @ing g
phan phi nguyén jn (Hinh 4.30, B[ng 4.3).

°n

gL
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BMmg43.C8§ ¢’ nghpe t hikj cBl'mang phan ph

L, phun ph2a | L phun ph2 a | Ghichd
S nengkinh| S | n©ngkinh

| “@g Di[mm] |l @g| D [mm]

Nguyén thn (NB) 9 1,0 - - Hinh 4.30a
Ph€ehng 8 9 0,8 6 0,5 Hinh 4.30b
Ph€hng 8 9 0,8 9 0,5 Hinh 4.30c
Ph€ehng 8 5 1,0 9 0,5 Hinh 4.30d

b

1 -l
C d

Hinh4.30. P h‘©h olgtré8 mand.phan ph’ p h 2 a cdnhen g

ai Nguyénljn;bi Ph€hng ihe€bhngc®he€hngdsgn 3

A4n8&nh higi® grudg ¢€ n gcardhphun toadincaoapl, ng c¢ h
DR76c. a c8c ph€©hng 8bnunng npgh @HnGn pphh§ pi m?

-

441Hi Mu qud gid9m nhi Mt Li cxc Lui v™ nh
Khib sungcacl | €migit  ttung binhTaeG acnh c §c p h€hng

sovinguyénlfn giim t € mh@1§K (PAL), 25K (PA2) va 26K (PA3), Is lam

matdt £ n §,36tlén 0,39 (PA1), 0,40 (PA2&PAYN t = ¢ ¢ UTmaxgilm rd

rthhn, phe€hnlgxgim 413 Kl "cm n p h €Rmtg 568,n 12€w ~

|@g kh?ng ‘kngB praykbéngsdi thmkEu so v i nguyén n (Bfng
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4.4). Khi canh s d ng h p kim niken chunhit r g6 s d tr nhit[n]tsE
L& ttnd08(gmeéntn)tilll° ph€hng .§hH131p v€hntg §n
v’ phehnnaghmngminBt dtr Tt £ n §OK{(Nguyén pn) Ién 133K
(PAL) va 146K (PAZ PA3) (Hinh4.31).
B[ng4.4. Cacthéng'snhit , t'r ong c8c ph<€ehng §&n

Thong s NB | PAl1 | PA2 | PA3
Nhi t . ¢ ¢ Udmas [K] 1183 1140 1127| 1127
Nhi t _ ttungbinhTawe [K] | 1026] 1009| 1001| 1000
H S d t nhit[n]r 1,08 1,11 1,13 1,13
Nhit  d tr T,[K] 90 | 133 | 146 | 146
T I khong khi lam matg[%] | 2,08 | 1,92 | 2,02 | 1,98
H s lam matd 0,36 | 0,39 0,40 | 0,40
1400 1.14
- 1000 111 'é'_ s Tr
= 800 1.09 — Tmax
Z 600 108 T
1.07
400 1.06

NB PAL PA2 PA3
Ph€hng §n

Hinh4.31. * th sosanhnhi . ¢ ¢ UMmax nhit & tr T, h s d tr
nhitin]lt c8c ph<€ehng §&n

442Ph©n bX nhi Mt Li tr°n bi®°n dvung c8nh

Trén canh nguyénfip, ving nhit | d¢'c Yl(11506-:1183K)n3n" gia | €ng
canh ginh4.4),v. i° p h €hn gHiB432)1nhit & c YL L[wm xugng ch
conrRmtrong i 1116:1 1 50 Kc WIxu g8 §t m®p LJiptheo, c §n'l
con c6 vang nhit | 1083-1116 Kv¥ conchi/n di n ticht ‘©h nig, ng’(~1/6
dn t2ch [|le€ggc&@impcotMdo phehnig t§ 2hadg m
l phun ph2a | €ng c § khonggHiepn ,c haoh €a€nly c §nh.

V. i3 hangl phun' p h €h n gHiI®4302HInh4.33), tuywh c h®a tr
ti °'whl @b nhit  tong di1116:1150K s §t m®p Lulin c§nt
tich ving nhit | 10831 1 16 Km L EhiQgo vi ph€hng 8nh €lh.n g\
an 3 @inh4.34) di ntichvang nhit |, ¢ao' | €ng EnBnhAsovgi ph€hng |
2 do'tdl «2 UHInh430d) , khtng kdidbtruhgchokmsa L €
L. cao trung binh.
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Temperalure
Contour 1

1.183e+003
! 1.150e+003
1.116e+003
1.083e+003

1.050e+003
1.017e+003
| 9.832e+002
9.499e+002

1116+:115K

1083+1116K

9.166e+002
8.833e+002
8.500e+002

0.015 0 0.015 0.03 (m)
— E—

0.0075 _00225 0.0075 0.0225 [K]
Hinh4.32. Phan b nhi t | ttén lQmHungoaicacanh p h<€hng §n

Temperature

1116+1150K 1083+1116K -
= ! 1.150e+003
1.116e+003
1.083e+003

1.050e+003
1.017e+003
9.832e+002
9.499e+002

0.03 (m)

9.166e+002
8.833e+002
0015 003 (m) 0015 003 (m) 8.500e+002

00075 00225 To07s 00225 K]
Hinh4.33. Phan b nhi t _ tt&n BQmHungodicacanh p h < €hng §n

Temperature

1083-1116K sy

H 1.150+003
1.116e+003
1.083¢+003
1.050e+003
1.017€+003
9.832¢+002
9.4996+002
9.1666+002
8.833e+002
8.5006+002

K]

Hinh4.34. Phan b nhi t , ttén tQmI—bngoal cacanh ph<€hng §n

nWeoKTqu ki1 @g hhn, t aphfinibnhk & mlrx ®mg hEee
dthg trung binh trén@mkbcanh Hinh 4.35 Hinh4.36)., | ©y by khi cd thém
cic] "ph2a | @hig ¢ &wmrng/L=0,3-09gifmm‘h h, &hganHL o
nhit  d¢fn nRa® bnhau, t Wynaynchmhit n khéng caoNhiot L,
trung b3ngtungbmibiend ¢ p h 2 a HinB43§-L Eh§/bD) c(a
ph€hng 8n[mlsoviguyénin 3t ergmadgioK, 6K va 80K.




ANSYS

R18.0

S

0.02 (m)

0.005 0.015

Cc

Hinh4.35. Phan b nhi t
al Nguyénlfn;bi Ph€hng i 8n€eHn g &ePmnet2n g

" 1200
. 1150
1100
1050
< 1000
zZ
950
900

Hinh4.36. Phan b nhi t |

-1

ttén ntHbcdutrung binh ca bién dhg canh

-0.8 -0.6 -0.4

443Von dt,Xcg v ©

KJ} quf phan b vah t ¢, nhit
bay trén hintHinh 4.37, Hinh4.38. T4 khu v ¢

-0.2

ttén bién dhg canh ¥ mHucdbtrung binh

h M
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NB
PAl

0 0.2
x/L

sX trao
ttong kénh &

0.4

Temperature
Contour 3

. 1.178e+003
1.148e+003
1.118e+003
1.089e+003
1.059e+003

‘ 1.029e+003
9.992e+002
9.694e+002
9.396e+002

I 9.098e+002
8.800e+002

N

0.6

LYi
b°n

0.8

nhi

8n 3

Mt

t r octrinh ¢ § n h

| €acdc canh m cé dong khi

phunrat cic] phuntrén mang phanphv. it ¢ Ln(t i 250m/s), cac dong nay

tth

ra _w¥n art bag (y thuyf vQhin " n @

1.23,h st r aimhitv "~ t hhgngittlte g

Ny

L «

tré nh

‘It (Hinh4.8%>Hinh 4.40).

b
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Veloci
Contm:y 4

. 2.500e+002
2.250e+002
2.000e+002
1.750e+002
1.500e+002
1.250e+002
1.000e+002

3  E—— — ——
o - ¢ . 7.500e+001
= 5.000e+001
4 I 2.500e+001
c — / = d ~_ i

0.000e+000
[m s?-1]

Hinh4.37. Phan b vah t ¢ dong khong khi lam m&# mHuccbtrung binh
ai Nguyén lfn; bi Ph €hn g -Bm€eHn g ddmerkng d8n 3

~—
~

Temperature
Contour 12

l 8.500e+002
8.250e+002
8.000e+002
7.750e+002
7.500e+002
7.250e+002
7.000e+002
6.750e+002
6.500e+002

I 6.250e+002

6.000e+002

Hinh4.38. Phan b nhi t | dong khéng khi lam mattmHucdutrung binh
ai Nguyén ljn; bi Ph€hng i8Ph€bng;dishh€hng 8n 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
6.000e+003
i 4.000e+003

£ I 2.000e+003
» 0.000e+000
S W mA-2 KA-1]

d
Hinh4.39.Phan b h s t r aimhi kgi a khong khi lam mat va@mHubén trong
canh phund khuv ¢ ml i c8nh v | €ng c8n
al Nguyénljn;bi Ph€hng ihe€bngc®he€bhngdsn 3
Dong khéng khi phunra cac) phun' | €ng ( PA1, PA2 V" P
thi 1am cho dong khong khi Fi sat @QmHuthanh vach bén trong co6 nhi | thip
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hhn nglo@Ehmd3d), kKifhph s tr aionhit ¢ a oHinh488) néh

| “@gnhit t rigi @adobgkhéngkhilammatv®mtb b°n trong | €n
r6rt° c §c p h GhifpgHirk440cDo vdy,nhit  khuvc | ©ngac §nh
c8§c ph€ehng §n PREALUOrtsOAR, pREBN Y «Bginpguy °
thithByraag°" PA2 v~ PA3 ‘wmigmhgcab ted phty @lg@h} | €ng
canh phun néi «X/ L 'lc@ing nhit , ¢daoti s &t Lul PAleX@adh, c
1dinhit  daorfn  gia Lu!i ¢ §&nhHinh432+Hhg35c §nh (

Wall Heat Flux
Contour 2

il 2.500e+006
2.250e+006
2.000e+006
1.750+006
1.500e+006

. 1.250e+006
1.000e+006
7.500e+005

A 5.000¢+005

4 I2A500e+oos

: 0.000e+000

| wWmt-2]

Hinh4.40. Phan bt h * n g nhi t@i a khdng khi lam mét va@mtuthanhvach
bén trong canh phuitkhuv ¢ mli i c&nh v~ | €ng ¢
ai Nguyénljn;bi Ph€hng ihe€bhngc®he€hngdsgn 3

444&ng sumt nhi Mt € c¢c8c ph_ _ng §8n
S d. ng ANSYSStatic Structural tinh toamg sudinhi t cho canh phun ty:
so v i nguyén ffn_ ngsudi quy & ¢ ¢ Ylsai | ch khéng qua 5%Hinh 4.41) va
phan b ng swiinhi t trén mHngodi cacanhphunc § ¢ ph€hng &n c |
c6 s khac b t nhiQu so v i nguyén tjn (Hinh 4.9). N-i c¢c8ch kh§8c,
k/l cBl ¢ amang phanph L a‘rcghiol & §t k h * nigrthg thanngt h ay
sudinhi ttréenCPCA  Qinay khacbitv. i p h €hn g it®my s domgkidond’
khi lam mat (Xem nc 4.1.2.3.
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- 200 - i
i 3
= 150 5 %
0 5 %
s 100 besi 5
5% %
[ [ :
v 50 3 5 Normal Stress
53 el
o 0 Shear Stress
< -50
# Eq. Stress
.-100
-150

NB PAl PA2 PA3
Ph€hng 8n

Hinh4.41. ngswlic c Yl c § ¢ p h Ehchlignary pharkph

445n8nhmeig8d m nhi Mt kbi gir ¢ nkhéndgkhildin mat i

V.i ¢ ¥%ng p/hd@iPAl), khgnhi t k ddng khong khicgilm xu ng
thi phan b nhit | tténbién dhgcanh phur(Hinh442k h* ng cinhi@@hay
soviHIinh433. Nhit  dc Ubkdanmm Luli “©8&§HiM®y khing c-
t mang phanphith itr cdi nvaoQmrucanh,hs t r aimhit t €hnhg L
cfncobin ph § pW KMy ldbnatchopfn Lu!'i c¢c8&nh.

Temperature
Contour 1

l 1.098e+003
1.071e+003
1.043e+003
1.016e+003
9.888e+002

" 9.615e+002
9.342e+002
9.069e+002

8.796e+002
I 8.523e+002
K]

[ 0015 003 (m)
— —
0.0075 0.0225

00075 00

Hinh4.42. Phan b nhi t | tténbQmtbngoaicanh P h €©h n3khighnt | L
khéng khiTc gifm 10K

8.250e+002

— 1200 1.2
) e-. ~ m/—E
. S & 1.18 —&— Tmax (PA3
., 1150 F— = _ (PA3)
1100 — 1.16 —¥— Tave (PA3)
. 114 —+&— Tmax (NB)
_ 1050 - -

<
112 —
S —— Tave (NB)

c
~ 1000 — — s
11 —o- -[nL_T (PA3)
—
950 T — lo08 —x—[n_T (\B)

900 1.06
400 450 500 550 600 650
TolK]

Hinh4.43.n" th sosanhnht | d'c Ymax nhit  ttung binhTaws h S d tr
nhit[nlrc a p h-€Bvaggu@mpnkhinhit  dongkhilam méi.t hay L
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KJI qui” trén Hinh 4.43 cho thsy khi T gifm thi m ¢ gifm nhi t

o &c 4L

Tmax Nhit  ttung binhTae ph€©hng 8&n 3i cpb€hhg BD wgl
Tc gilm 100K thiTmax PA3gim 29K c¢c ., n ph<emgim®Taaguy ®
glim t €mmg 41K v~ 39KL - msid tk htimt[mfr" PA3 t £ ng
nhanh hihguyés tin khi gifm nhit . khéng khi lam mé&T.. Nguyén nhan
Legli t h2 ;g dF dimhet ph€hng §n m'mnigaolphr©n p
sovinguyénlin , k h tgifth nhitv ikhdng khilam mat& ~ ng trngng ¢
chil ° hg®m mat.
446KAt |l uon kKZXt mgrmgcpE®n phXi ma i
T. cac K} qu vQhi u qu lam matca p h €h Rya3 &b rig, hiu
qulam matca ph<€hng §n Zngvdtt 3 hRiong ph@tvinko L
Sat Tmax gilm 56 K, Tave gifm 26K). X ®t Q@ ki o Yid Nainj vic thu nh
I “ehg kinh] phun" mi i c¢c&nh ( ph€hnig Km- 20hHn, tpah
(bt4] ° 2 flcanh)&phuAp h hn KJQmtbhi ®dU laen mat va @mtb
céng ngh. Cac thdng'slHo  t r €m gqucl h'om m§& th ngk& Blng4.5.
Blng4.5. B[ngth ng ké hiugu lammatca ph<€hng 8§n'ism3sog phC
V. i nguyén in (tinh toan ch/jL, L'nh m c)
TT Thongs L §nh ‘wigflarhi | Ph€hn¢Ph<€h|M cdi
m8&t, TJLhn v|nguyénddn| &an3 thi' n
1 |[Nhit &c YlTmax [K] 1183 1127 | 56 [K]
2 |[Nhit . ttung binhTave [K] 1026 1000 | 26 [K]
3 |[H S lam matd[] 0,36 0,40 0,04
4 | T I khong khi lam médy, [%0] 2,08 1,98 |0,10 [%]
5 |H s d tr nhit[n]T[] 1,08 1,13 0,05
6 |[Nhit d tr T, [K] 90 146 56 [K]
7 | ngswHquy dhcc YIIMPa] 190 190 -
8 |M cgilfmnhit A dc YKkhinhit 19 29 1,52 Fn
khong khi lam mat §m 100K, [K]
9 | M cgifmnhit  ttung binh khi nhit 39 41 1,05 Fn
L khong khi lam mat §im 100K, [K]
Béndh h L - thby cdigréar thong shinh h ¢ ¢ a mang phan phim, i
ntrongdi ‘tnhdgbca c §nh p h[49, [55], 04 K38], Holbit

I’ “eng kinh ] phunD=0,5mm kho[ng cachH=0,8mmn3n trong khgng f i

D=0,423+0,517mmH=0,710+0,997mn¢. a nghién cu [106].

cu
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45.KJ/]t Chehhg

T mod hinht r dionhiktg a CPCAL, n g DR®6 va md hink’ ng dthg
vikénhdd khing kh2 phhd ant k ddsht pHaEahgs tad n h
" inhi t,nhit  ,LngswlinhittrénCPCAL ng DRF6vV ~ L €acnrta L €
nhch xét sau

Phan b nhi t | M&_ ng swHinhi t trén mHucanh céc ch]l, vdh hanh ca
Lng ch | igingeHamghit L ¢.c Yhn" gia | €ng c8&nch, c,
_ngswinhitc ¢ Yh3an' gi abngcanh. CAL, 'nh m clach]l, nhitkhd
nghi tnhdly, inhit ¢ ¢ Uma=1183K nhit  tiung binhTae=1026Kva, ng
suHinhi t quy & 19OMPa. CHJL, 'nhmccoh s bQlénti 1,8, tuy nhiénh
s d tr nhit[n]t=1,08t €h mgy i :=90K dowvdycfncobin ph&p ngtng
| “ m m8t \dbifra thidd&rch, Khid nghit vQnhi t.

Vic t hiayl ‘@ggeInhet | T ap st pc khéng khi lam mét co tac
L'ng ‘riwinkit  ttung binhTaw it[n h “mg€inhit & d ¢ Ydmax(khi Te
gilm 100K € lam Tave gilm 39K, Tmax gi[m 19K; pc gilm 10% thiTave, Tmaxt £ N g
t ©h mgd8Kva28K. Bénd¢h h L gifmkat § | Khong khi lam mé&tcco hiu
ngph | © | " _mgdunhig trén canh (ng sl quy dc ¢ Yled thM £ n g
thém t i 60MPa).

TH i khong khit mang phanphi | ©  p h f&m mé cdp b §upcaq
LlFobit khi ¢ - ngclatomg ngahgkhi £ Reynolds ca dong phut £ n g
(Rgt £ ndghptod/,"ng n g & sgvditt £ dogg pliun/dong ngangR gifm)
€l " m H £ b g aimhi t Trong qua trinh la ch n k/} cBll ¢ @ mang phan ph
I'W hucli €t r aimhi tcaonfdinénlachnb &1 t ‘©h ni/DAdB, khi
SIDBt h3 vi%naggt &'mmgiod €7 ng B vao nhaul’ ngthinén| a
chnkhofng ¢ §c h'i H/E@h5sSdho kI qu h s t r aionhi £ (Nusp
cao nhdl, khiH/ D @Rcac)] sau€coh s t r aimhit ¢ a ot hd&a khi
H/DO3 h 3° cidg €

Ap d. ng cac it qu nghién cu trén md hinha T rig dtig 'W a ch n
mang phan phi m i choCPCAL n g DRFEDL sung9l (3x3) ph2za | €ng ¢
V. i  hg&inhD=05mm b€t €hnigS/DELQg kholng c¢c &ch’it €hn
H/D=1,6,L!\W[mbfo | ©ug Ikht ng kh?2 "ilthichmbta§ { 2 i * n g
trong 91, phun’ phiaml ¢anh(gi n g u y ® mg kith€0mn).

V.iCPCAL ng c¢ h "0 RgFnmangphan plim ithinhit  ttung binh
¢ a bién dhg canhTave gilm khéngnhiQi ( 2 6 K)  n'h ©ritgng bidhitrén
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I “eng bién dhg trung binh ph2 a | €fngt i 658 mhit g & c YlTmax
gim Li 56K w’ ¢twhohuyithiisatl uli c8nhngcahi
mang phan phi suy gim. H s lam matdt t n §,36tlen 040, h s d tr nhit

t £ ndn+EE18t €hmgy i T, =146K Khis d ng mang phan ptim i, nhi t

I, ngU n khéng khiTc gifm 100K thinhit | ¢ ¢ YTmax nhit | ttung binhTave
gilmt €h mgr9K va4lK, t £ n gngts2varl@bIfn so vinguyén hn.

t
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KeT LUxN Vé PHICTNGRI gN

KeT LUxN

1. Luch & n QxliBkva th ¢ hi n thanh céngn t cach tip ach m i trong
nghiencu t £t mg d€m m§t c hecdamaen@trkili mdng phan ph €
b2ng cach K h p tinh toan md pmg trén nguyé&n i canh vi th ¢ nghim, mé
ph ngtrén md hinhad Trngdig. Tr o n/paultren mé Brhdk Tng L
dth g © ¢ ed YWkihmiyi'céo, ap . dng cho nguyén i canh.

2.luch &8§n Lwrgx®©h dh ¢ nginhmtchohguyemmdt r a o
c8nh phun t wmag kihn t uad6bBgpHtkngh ANSKRSCFX.
n tncdygcaph<€hng p M§md hinkdye kih ch ng bRag K} qul th
nghi m cho canh Markl (sai$ nhit , ,Bpstiih s t r aimhit t ‘Signhg
hhn 3%, 5% v~ 2 0 %)

3. Lluh 88 dlhg th " nh c*ng mdnBhn TOpREpPL da
xay d ngh th ngth cnghimx § cnh . s t r aimhi Echo md hinfdthg thin
phngi m:  h¥ngithgly ikenhd khing kh2 phXaquirong
th cnghi mLl « ° d¢ki&h ch ng vaphu h p v i cac K} qul L & cong b [26], [72]
(saisnh hhn 15 %)

4. KJ} qul th ¢ nghi mva md phngtrén mé hinhadt T nig dig nhiQu |
phuncé xétticfd, ng ngargg Slcdh@ Syeamts théngsn h €
s Reynolds ca dong phurRg, t s vdh t ¢ dong phun/dong ngardR,b & |,
t €hni@/Dlkhdng c¢ §c hiH/DB@hhgh st r aimhi £ KJJ qul cho
thbys Reynoldsca d, ng pReuhnghotbdy, " (g ngarsgudht L ng
t ¢ dong phun/dong ngandRgifm) €1 " m t En g afnhi b | nglth i LW
thu cH®€ tr dbnhiltcao niiinénl achn €t €hnigs/DdB va
khoflng c¢c8c hiHDeh™ma L

5.KJI qu nghiéncu “ilv. icanhphm ¢ aon g8 pc HH DRB:@h]c h o
I, 'nhm clach]l, nhitkhd nghitnhEyv ih s d tr nhitch la[n]t=1,08
t €hmgyinhit & tr T=90K, fncébin ph §p  nglammat CPEA
W, ng ¢ HAt & n ggidnlamvic® ch/l, nay.Khis d ng mang phan ph
mi( sung9l (3x3)" ph2a | €ng Bgd§nb=0,5mm _blSt €hng
I”i S/ID=10 khdn g ¢ §c hiHDEh&gj 5L phun ph2a mlingc §nh
kinh ,0mmL « thehiugd®el " m m8&t cao hRmgnhi¢cl8ob ngu
'Y Tmaxgilfm 56K vavang nhit | ¢.c Ychchuyv trit | €ng c¢crigsd x u

























































