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Tom tit

Céac nghién cizu vé mang phan phai trén canh
phun (cdnh tinh) tuabin thuong sir dung md hinh
dang try tron doi véi khu viee miti canh va mé hinh
dang tam phdng doi véi khu viee hung hodc bung
canh. Do sy twong tdac giira dong phun va dong
ngang, khu viee lieng hodc bung canh cé hé sé trao
doi nhiét cuc bé tang lén ré rét. Hé so nay co thé
dwoc tinh toan bang md phong CFD hodgc thuc
nghiém, tuy nhién sai sé két qua md phéng trong
cdc cong trinh di céng bé hién nay con tiwong doi
Ion khi s dung phuwong phdp RANS. Qua viéc
phan tich wu va nhirge diém cia cde phirong phdp
thuec nghiém thuong dwoc sir dung (nhiét dé on
dinh theo thoi gian, nhiér d@¢ dién bién theo thoi
gian va dao déng nhiét do - TOIRT), bai bdo dé
Xudt phirong phdp xdy dung mo hinh thyc nghiém
xdc dinh hé sé trao doi nhiét cho md hinh mang
phan phaéi trén canh phun tuabin theo nguyén ly
dao dong nhiét do.

Tir khoa: Tuabin, hé sé trao d@si nhiét, TOIRT,
thuc nghiém.

Abstract

Studying the jet impingement cooling method on
turbine vane often uses cylindral models for the
edge tip zone and flat plate models for the
midchord region. At the midchord region, there is
an interaction between the jet flow and the
crossflow and as such the local heat transfer
coefficient increases markedly. The heat transfer
coefficient can be determined by CFD simulation
or experiment, but the current literatures show
that the simulation uncertainty is still relatively
high. Through analyzing the advantages and
disadvantages of common experimental methods
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utilized in the current lieterature (e.g. stational
temperature with time, Transient Liquid Crystal
Technique and Temperature Oscillation Infra-Red
Thermography - TOIRT), an experiment system
was developed in this work to determine the heat
transfer coefficient for a jet impingement plate of
turbine nozzles guide vane by TOIRT method.

Keywords: Turbine, heat transfer coefficient,
TOIRT, jet impingement plate.

1. Mé dau

Mang phan phéi la mét chi tiét hop kim chiu nhiét
dang 6ng, dugc dat vao bén trong canh tuabin nham
thdi dong khdng khi 1am mat toc do 16n téi cac ving co
nhiét d6 cao nhu miii canh hoac lung, bung canh. Né la
mot trong cac phuong phap lam mat tin cay va hiéu qua
cho cénh phun, hé sé trao ddi nhiét cuc bo ting t6i
1000+3000 (W/m2K), canh c6 thé hoat dong trong
dong khi cé nhiét do toan phan Ién toi 1400°C [1].

-
N

== | Ming phan phéi

T R %) = Somss ——

> N f o N y N

x\ \d l ) Dong phun lj gy, \ ‘l T
\ u_j =

111

[—— Dong ngang

> £ .
7 uer 0 X Tam dich l

Hinh 1. M& hinh mang phan phéi nhiéu 15 chiu dnh
hwéng cia dong ngang
D - Duong kinh 16 phun; S - khodng cach giira cac I3;
H - khodng céch giiza mang phan phdi va bé mdt can
1am mat (tam dich).

Dé giam bst do phic tap va co 1ap mot sé thdng
s6, cac nghién ctru vé dic tinh trao ddi nhiét cua canh
sir dung mang phan phéi thuong st dung cac mé hinh
6 hinh dang co ban, don gian hon. M6 hinh nghién
ctru mang phan phéi ¢ khu vue miii canh thuong dua
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vé dang hinh try tron hoac hinh thang. Tai khu vuc
lung hodc bung canh, do ban kinh cong cua lung va
bung canh I6n hon nhiéu so véi duong kinh 15 phun
nén mang phan phdi dua vé mo hinh tim phang nhu
trén Hinh 1 [2]. Bai bao nay tap trung nghién ctu
mang phan phdi dang tdim phang ¢ khu vuc lung
(bung) canh, noi cé twong tac gitta dong phun va dong
ngang.

Céac mang phan phéi c6 kich thudc hinh hoc khéc
nhau, hoat dong trong diéu kién nhiét do va tinh chét
dong méi chat rat khac nhau nén dé dam bao tinh téng
quét, nhiéu cong trinh sir dung ly thuyét dong dang dé
biéu dién két qua hé sé trao d6i nhiét qua hé s khong
thar nguyén Nusselt.

hD

Nu = - (D)
Trong d6: D - Buong kinh 15 phun, m; A - Hé s6
dan nhiét caa moi chat, W/mK; h 1a hé sé trao doi
nhiét giira dong moéi chit va bé mat tim dich,

(W/M2K),
Ngoai thong sé vat ly cua dong mdi chat, Nu con
phu thudc vao mot sé thong sé hinh hoc H/D, S/D;

Re =u;D/v—sb Reynold ciia dong phun, VR=uj/uc -

ty s6 van toc dong phun/dong ngang [1]. Bé nghién
cliu van dé nay, da co cac cong trinh nghién ciu trén
mo hinh 1 15 [3-6]. Ngoai ra, ciing c6 mot sb cong
trinh nghién ctru trén md hinh nhiéu 15 c6 d& cap dén
dong ngang nhung chi do duoc hé sb trao d6i nhiét ¢
mot sb it cac diém do sir dung hitu han cac cap cam
bién nhiét do [7], khong xac dinh dwoc chinh xac cac
gia tri Nu cuc dai khi n6 da léch khoi tam 15 phun,
khong c6 biic tranh toan canh vé dién bién Nu trén
toan tam.

Dé xac dinh hé s6 trao d6i nhiét trén md hinh mang
phan phéi, cac tac gia sir dung hoic bing phuong phap
mé phong ly thuyét CFD [6, 8] hoic bang thuc nghiém,
tuy nhién viéc md phong con c6 sai s I6n nén can
kiém chirng bang cac két qua thyc nghiém [9-11].
Viéc thyc nghiém xac dinh hé sé trao d6i nhiét thuong
sir dung ba phuong phap: phwong phap nhiét do 6n
dinh theo thoi gian, nhiét do bién thién theo thoi gian
va dao dong nhiét d6 (TOIRT).

Khi do hé s6 trao ddi nhiét bing phuong phap
nhiét d6 6n dinh theo thoi gian (phuong phap 1), bé
mit tAm dich can c6 thong luong nhiét q phan bb déu
va la hang s theo thoi gian. Thong thudng sé dung
mot tim gia nhiét dé siy nong tim dich, sau do thoi
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dong khong khi cé nhiét do thap hon vao bé mat tam
dich va do nhiét do cac diém trén bé mat. Dé do nhiét
d6 bé mat c6 thé dung camera nhiét (IR Camera) [11]
hodc tam chi thi mau (TLC) két hop véi camera ky
thuat sé [8, 9, 12], truéc day c6 thé dung cam bién
nhiét do (hién nay it dung vi chi do duoc rat it diém)
nhu [3, 4]. Phuong phap nay c¢6 dd chinh xac cao,
nguyén ly tinh toan, xa ly sé liéu don gian nhat.
Nhung khé khin gap phai la chiéu day cua tim dich
phai rat mong (khi sir dung IR camera va TLC - dé c6
thé coi nhiét d6 hai bé mat bang nhau), déng thoi
ngudn dién duy tri tim gia nhiét c6 cuong do dong rat
cao (I6n hon 50A [6], ¢6 khi hon 100A [12]).

Pé loai bo kho khin lién quan dén viéc gia nhiét
trong phuwong phap 1, mot s6 tac gia sir dung phuong
phap nhiét do din bién theo thoi gian (The transient
liquid crystal thermography technique) - phuong phap
2. Phuong phap nay dugc xdy dung tir phuong trinh
can bang nhiét luong gitra nhiét lwong cip vao, nhiét
lugng 1am tdng nhiét do thanh vach va nhiét luong
trao d6i vai dong khong khi théi ra tir mang phan phbi
(6 thé c6 thém nhiét luong trao d6i vV4i moi truong).

Phuong phép 2 sir dung tim chi thi mau TLC va
camera ky thuat s dé hién thi va ghi lai dién bién nhiét
do theo thoi gian [13, 14]. Kho khan 16n nhét 1a doi hoi
phan mém dé trich xuat nhiét do tir anh chup c6 do
chinh xéc cao, can xay dung va hiéu chinh thang do c6
dai hep va khong tuyén tinh [15], dac biét gan nhu chi
c6 thé nghién cau trén md hinh mot dong dau vao.

Cong trinh [16] d& xuat phuong phap dao dong
nhiét d6 (The Temperature Oscillation Infra-Red
Thermography) - phuong phéap 3 (TOIRT) dé do hé s6
trao ddi nhiét d6i lvu dwa vao dit liéu duy nhét 1a nhiét
do thanh vach do biang camera héng ngoai (IR
camera). Tur d6 tré pha gitra nhiét do bé mat tim kim
loai so véi xung ngudn nhiét cudng bic cip vao
(thuong dung dén halogen) co thé tinh toan ra hé s6
trao ddi nhiét.

Phuong phap TOIRT khong phu thudc vao cuong
d6 ngudn nhiét, khong doi hoi ngudn nhiét phan bd
ddng déu trén bé mat tim (nhu phuong phap 1), thoi
gian do dai (tan s6 f=0,01Hz +0,2Hz) nén khong doi
hoi téc d6 chup cao (nhu phuong phap 2) [10, 17].
Dong thoi phuong phép nay khong doi hoi sir dung
tam kim loai mong (t6i vai chuc wm nhu phuong phap
1) hodc tim kinh chuyén dung (nhu phuong phép 2),
do d6 c¢6 kha niang nghién ctru cho cac bé mat c6 gan,
go, ranh.

Tuy nhién phuong phap nay c6 nhugc diém la sb
luong anh nhiét rat Ion trong mot lan do, trung binh
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can do 3+5 chu ky, xir ly s6 liéu tir vai trim buc anh
[10], doi hoi thoi gian va tai nguyén may tinh 16n.
Ddng thoi, d6 chinh xac cua thuat toan xac dinh do tré
pha quyét dinh toi do chinh xéac cua két qua hé sé trao
d6i nhiét, can co phuong phap dong bo thoi gian cua
anh chyp va nguon birc xa. Bén canh d6 ciing can xac
dinh thoi gian tré nhiét caa chinh ban than dén halogen,
c6 thé 1én toi 100150 (ms) [10] voi dén cong suat
50+150 (W) hozc téi 229ms khi cong suat dén S00W
[17].

Tir phén tich nhirg uu nhugc diém ciia ba phuong
phép trén, bai bao lya chon phuwong phap TOIRT dé
xay dung hé théng thuc nghiém xac dinh hé sb trao
d6i nhiét cho mang phan phéi canh phun dong co
tuabin khi.

2. M6 hinh toén hgc cia phwong phap TOIRT

So d6 nguyén ly do hé sb trao dbi nhiét bang
phuong phap TOIRT dugc thé hién trén Hinh 2a. Viéc
ddng bo thoi gian gitra camera nhiét va ngudn nhiét
dugc thuc hién nhd may hién song va thiét bi dong bo.
Dit liéu nhiét do trude va sau bién ddi Fourier tai mdi
diém c6 dang nhu Hinh 2b.

Khi cap thong lugng nhiét q tir nguon nhiét
(thuong 1a dén halogen) bién thién theo van téc goc o
thi dix liéu nhiét do tuc thoi tai mi diém ciing bién
thién c6 tinh tuan hoan theo thoi gian (Hinh 2b). Doi
véi thanh vach mong va dong nhit c6 hé sb khuéch
tan nhiét a (m?s), ddng thoi bo qua dong nhiét khuéch
tan theo chiéu x va y, ta c6 phuong trinh dan nhiét mot
chiéu theo thoi gian [10, 16]:

oT o°T
R p—
ot ozt

Trong d6: t - Thoi gian; z - Toa d6 theo chiéu day
cua tim (Hinh 2a).

Diéu kién bién trong truong hop nay la phuong
trinh can bang nhiét tai hai bé mat cua tim (véi z=0
va z=0) [16, 17]:

oT
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Trong dé: h, hs - Twong tng |1 hé s6 trao ddi nhiét
can tim (tai mat duoc ting cudng trao ddi nhiét) va tai
mat ngoai (mit IR chyp anh) (Hinh 2a); w - Van téc
g6c caa ngudn nhiét, va qo - Bién d6 dao dong cua
nguodn nhiét.
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Nhiét do bé mat tam kim loai phu thugc vao céc yéu
t6 chinh: hé s6 trao d6i nhiét & ca hai phia cua tam h va
hs, thdng sb hinh hoc (d6 day 6), théng sé vat Iy (hé sb
dan nhiét 4, nhiét dung riéng C, hé s khuéch tan nhiét
a) cuia tim kim loai va thong luong nhiét cudng bic q
truyén téi tam kim loai (Hinh 2a). Khi cac thong sé hinh
hoc, vat ly cia tim kim loai khong ddi thi dir liéu vé
nhiét d6 theo thoi gian, théng lugng nhiét q va hé sé
trao doi nhiét c6 mdi quan hé tryc tiép véi nhau, day 1a
nguyén ly tinh todn cta phuong phap nay.

burc xa

IR camera

hé s6 trao d6i nhiét h
\ /
A} / y
\ /
\ //’/
ik

hé s6 trao dbi
nhiét hy

a)

—— 1 measured
T SFOFT

b)
Hinh 2. So d@6 hé théng do xdc dinh hé sé trao ddi
nhigt bang phuwong phip TOIRT
a - M6 hinh nguyén ly cua Wandelt va Roetzel [16];

b - Dién bién dao dong nhiét dg dic trung tai mot
diém theo thoi gian [10].

Cong trinh [16] da trinh bay cac budc bién doi
trung gian dé thu duoc ham s6 biéu dién méi quan hé
gita do tré pha p(z) & bé mat birc xa (z=0) véi hé sb
trao ddi nhiét h theo phuong trinh:

tan 90'1:5 =
_ ¢, +28pc, +28°y (®)
28y (L+41)cy + 282 (L+2r)c, +48%°c, + ¢,
Trong do: 1, y, £va Cy, €1, C2, C3 dugc xac dinh theo
phuong trinh (6) [10, 16];
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c, = cosh?(&)-cos? (£)+sinh?(£)-sin’ (&)
¢, =cosh(&)-sinh(&)+cos(&)-sin(¢)
¢, = cosh?(&)-sin? (&) +sinh?(£)-cos® (&)
¢, =cosh(&)-sinh(&)—cos(&)-sin(&)

@

O day ham sinh(x) va cosh(x) 1a cac ham
hyperbolic: sinh(x)=(e*-e™)/2; cosh(x)=(e*+e™X)/2.

Viée dong bo, xac dinh do tré cia dén halogen
dugc thuc hién bang phuong phap ban vo han (mot
mat ¢6 h ~ OW/m?K), xac dinh duoc thoi gian tré cua
dén halogen 500W su dung trong md hinh thuc
nghiém nay tgelay=0,205s.

3. Xay dwng hé thong thuc nghiém TOIRT
3.1. Xay dung so dé trang thiét bi

So d6 thuc nghiém dugc trinh bay trén Hinh 3
trong d6 gdm 2 phan chinh: kénh cua dong phun va
dong ngang. Dé tao dong khi cho dong phun, hé théng
sir dung may théi khi cong suit dinh muac 0,8kW di
kém bo diéu chinh cong suat. Luu lwong khong khi
dugc do theo nguyén 1y chénh ap qua tam tiét luu I
(1SO 5167-1:2003 [18]). Mitc chénh ap duge do bing
thiét bi 2 - Kimo MP 210G gan bo ap ké vi sai MPR
10000 - c6 dai do dén 10000Pa, do phan giai 1Pa, do
chinh xac +0,2% hoac +10Pa [19]. Ong do c6 duong
kinh trong Dinsiee=30mm, tly thudc vao luu lugng khi
chay qua ma I3 tiét luu co duong kinh dorifice=7mm,

A4 {13
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10mm hogc 15mm, duoc thiét ké theo tiéu chuan 1SO
5167-2:2003 [20].

Dé 6n dinh dong cho dong phun sir dung khoang
6n dinh 5 kich thudc 250x250x400 (mm) ¢6 mang san
dong 6 ¢ giira. Céac 16 phun duong kinh Smm duogc
khoan trén tim mica II c6 d¢ day 6mm, ty sb giita do
day va duong kinh 16 nam trong dai thuong gap cua
mang phan phdi thuc trén canh tuabin.

Kénh cia dong ngang bao gom quat 15 cong suat
240W di kém bo diéu chinh cong suét, khoang 6n dinh
&p suat 14 kich thuéc 350x350x350 (mm), dng dan
dong ngang bang mica c6 mit cit hinh chit nhat, kich
thuge trong la Hx250mm (H khoang cach tir mang
phan phdi toi bé mat tam dich), chiéu dai tinh toi tim
kim loai 1a 500mm, sau d6 duong dan khong khi ra
mdi truong ¢6 chidu dai 250mm. Trudce qua trinh do,
van toc dong ngang dwoc khao sét tai 10 diém theo
truc y bang thiét bj E-Instruments E8500 plus, két qua
cho thay tai khu vuc tir tim dén vi tri cach thanh
10mm van téc léch nhau khong dang ké va cé thé coi
ching bang nhau.

Khi thyc nghiém, thiét bi Testo 425 duoc sir dung
dé do van téc va nhiét d6 cua dong chay ¢ duong tam
cua kénh dan (Hinh 3). Thiét bi Testo 425 c6 dai do
van téc tir 0 dén 20m/s, d6 nhay 0,01 m/s, sai s6 0,03
m/s (hoac +5%), dai do nhiét do tir -20+70°C, d6 nhay
0,1°C, sai s6 +0,5°C khi nhiét do trong dai 0+60°C
[21]. Dé can bang nhiét do gitra dong phun va dong
ngang thi ctra hat cua quat 15 ¢6 lap dat bo sdy 16
(kiéu dién tro) cung bo diéu khién di kém, sai léch
nhiét d6 gitta hai dong dugc duy tri nho hon 0,2°C
(theo ddi bang cam bién nhiét s 3 va testo 425 s6 15).

/
|

jet flow

Hinh 3. So' dé theec nghiém
| - L tiér fuew; 11 - Mang phan phdi; 1 - My théi khi; 2 - Ap ké vi sai Kimo MP 210G; 3 - Nhigt ké dién ti#; 4 - Ap ké; 5 - Hop
én dinh dong; 6 - Mang san dong; 7 - Ong dan khi; 8 - Tam kim logi; 9 - Pén halogen, 10 - Camera nhiét FLIR i7; 11 - May
tinh; 12 - Thiét b; @iéu khién; 13 - Testo 425; 14 - Hgp cap khi cho dong ngang;
15 - Qugt thdi; 16 - Bg say.
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Doc va xir Iy 56 liéu tir
anh ky thuat so
T [Xmax Yonax fmax]

Bu troi dir lieu
T"[Xamax Yanax fmax]
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Do trén mo hinh ban vo
han (h=0)

Xac dinh d0 tre cua déen

halogen AQgelay

DBong bo thot gian, Phan tich Fourier
tir Tave (1) xéc dinh Quoiiphase 1im @ [Xmax Ymax]

[

@ [Xmax Ymax]=Q [Xmax Ymax] +Puullphaset AQdelay

[ Tim dg tre pha hiéu chinh ]

Giai phuong trinh tim
hé so trao doi nhiét h [Xmax Ymax]

[ Bien doi thanh ket qua Nusselt ]

Hinh 4. So dé cic buwéc xir ly sé ligu thuc nghiém

[xmax*ymax] - Kich thuréc khung anh nhiét; imax - Téng sé dnh,; Tfxmax ymax imax], T’[xmax ymax imax] - Dit liéu nhié @6 ¢ dang

ma trédn kich thuée xmax*ymax*imax trieéc va sau b troi diz liéu; pfxmax ymax], ¢ [xmax ymax] - Dit liéu dé tré pha ¢ dang ma trgn

kich thuéc xmax*ymax trieéc va sau khi thém cac thanh phan hiéu chinh; Tave(i) - Nhiér @ trung binh cia toan tdm ¢ thoi diém chup

anh thz i; pnullphase - D¢ léch pha giita thoi diém t=0 ciia dén halogen va ciia camera nhiét; Apdelay - P tré nhiét ciia dén halogen.

Tam kim loai dugc dung lam tdm dich ¢6 kich thudc
250x250x1 mm.

Dé cung cap xung nhiét cho tam kim loai, sir dung 2
bong dén halogen 500W duoc didu khién bai mach dién
tir, chu ky c6 thé thay ddi trong dai 5+60s. Trong thir
nghiém nay, tac gia hya chon chu ky p=30s, vi theo c6ng
trinh [10] & can nho hon 0,5, & day =0,09, dong thoi hé
s trao do6i nhiét khong thir nguyén y can nam trong dai
0,1+10.

Nhiét do trén bé mat tim kim loai duoc do bang
camera nhiét loai Flir i7, c6 dai do -20+250°C, do
nhay nhiét <0,1°C, d6 chinh xac +2%, ng kinh c6 tiéu
cy f=6,76mm, truong nhin 29°, hinh anh c6 d6 phéan
giai 240x240 pixels, tan sé do 9Hz [22].

3.2. X ly sé ligu va tinh toan hé sé trao déi nhiét

S6 lidu thu duogc tir thuc nghiém 13 ma tran anh
nhiét ba chiéu ghi lai dién bién nhiét d6 tim kim loai
(chiéu thtr 1 va 2 - nhiét d¢ tai timg diém toa do tim
kim loai (x, y); chiéu thir 3 1a s6 thir tu frames thé hién
cho thoi gian (i)). T cac dir liéu nay can xay dung
dugc do thi cia nhiét do tai timg diém trén bé mat
ngoai, két hop véi viéc dong bo dit liéu vai dao dong
cta ngudn nhiét (dén halogen) dé xac dinh d6 tré pha
¢ cta nhiét do tai cac diém trén bé mat ngoai tim kim
loai. Khi da biét do tré pha ¢, viéc xac dinh hé s6 trao
d6i nhiét h dugc thyc hign bang cach giai phuong trinh
(5). Cudi cung, ding phuong trinh (1) dé bién doi gia
tri h thanh két qua & dang hé sé Nusselt c6 tinh tong

SO DAC BIET (10-2021)

quéat cao hon. Trinh tu cac budc xir ly sb lidu dugc thé
hién trén Hinh 4.
4. Két qua va ban luan
4.1. Kiém tra sw hgi tu cia két qud

M3i ché d6 thuc nghiém duoc do 3 1an, két qua thu
duoc tir thyc nghiém nay 1a phan b Nu trén toan bo
bé mit tim dich (Hinh 5). Vi do phan giai caa camera
nhiét, ma tran Nu thu dugc c¢6 kich thudc 230x170,
tuc 12 Xmax=230, Ymax=170.

Nusselt number

x/D

A5 10

yiD
Hinh 5. Két qud Nu dwoc ¢ ché dp TN2.2a (1x3 16:
Rej=13000, VR=7, H/D=2, S/D=10)

Két qua do Nu trén dudng y = 0 (Hinh 5) déu c6
mirc d6 sai léch so vai trung binh cong dudi 5%Numax
(Hinh 6). Két qua Nusselt trung binh trén duong y = 0
Nuaye Sai 1éch so véi gié tri trung binh cua ca 3 lan do

'™ Nu _mave
NUae dusi 3% ( SNu,, =100—2———**

Uave

<3%)
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Hinh 6. Pé hi tu két qud ciia 3 ldn do & ché d¢
TN2.2a (1x3 16 Rej=13000, VR=7, H/D=2, S/D=8)
200
170
140
= 110
80
50
20

0 1 2 3 4
—o— Exp-TOIRT-TNO1

—8— Exp-[Carcasci et al.2016]
Exp-[Cacasci et al. 2016]+10%Nu_max

Hinh 8. Kiém nghiém két qud thec nghiém TN 0.1
béng [9] véi bién dp sai 56 10%Numax (Rej=25000,
H/D=2, VR=x)

(Hinh 7). Nhu vay c6 thé két luan rang, thuc nghiém
bang phuong phap TOIRT cho két qua hgi tu.

4.2. Kiém nghigm két qud so véi cac cong trinh
dd céng bo

V6i cung truong hop s6 Reynolds caa dong phun
Rej=25000 khi khdng c6 dong ngang (Hinh 8), két qua
thir nghiém va mé phong dugc kiém nghiém véi dir
liéu trong cong trinh [9]. O ddy Carlo Carcasi dua ra
két qua khi st dung phuong phap 2 - nhiét do dién
bién theo thoi gian (dwong ‘Exp - [Carcasci et al.
2016]’). Buong thuc nghiém (duong ‘Exp-TOIRT-
TNO1’) luén ndm trong dudng bién do sai sb
10%Numax, da phan sai léch véi [9] dudi 10%. Sai s6
tai tam 15 so véi két qua cua [9] roi vao khoang 10%,
sai 56 cua Nuae khoang 10%.

Véi truong hop cd dong ngang (Rej=13400,
H/D=2, VR=7), duong két qua thuc nghiém bang
phuong phap TOIRT (dusng Exp-TOIRT-TN02) bam
sat duong két qua ciia cong trinh [6] véi bién do sai s6
10%Numax (Hinh 9). Tai vung x/D=2,5+3,5 va x/D<-
1 sai léch vuot ngudng nay, nhung cling khong qua
15%Nupmax. Sai s tai tam 18 so véi [6] chi 1a 2%, con
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Hinh 7. Sai Igch giiza Nusselt trung binh Nuave trén
dwong y=0 tai cac ldn do ¢ ché dp TN2.2a

4
x/D

—o6— Exp - TOIRT-TN02
—8— Exp-[Wae-hayee et al.2014]
Exp-[Wae-hayee et al. 2014]+10%Nu_max

Hinh 9. Kiém nghiém két qud theec nghiém TN 0.2 bang
[6] Vi bién dp sai sé 10%Numax (Rej=13400, H/D=2 va
VR=7)

Nuave sai 1éch 10,3%.

Nguyén nhén c6 sai s6 giita két qua thuc nghiém
trong bai bao so véi cac két qua da cong bb [6, 9] do:
Bai b&o va cong trinh [6, 9] sir dung phwong phap thuc
nghiém khéc nhau; con mot sé diéu kién thuc nghiém
ma bai bao nay cling nhu [6, 9] chua phén tich téi nhu
d6 nham bé mat tam dich, ty sb nhiét do thanh vach
va dong khi,...; Sir dung céc thiét bj do khac nhau ciing
la mot trong cac nguyén nhan dan dén sai s6 giita cac
cong trinh.

5. Két luan

Tir cac phan tich va két qua thu duoc, bai bao dua
ra dwoc mét s nhan dinh sau:

Phuong phap TOIRT la moét trong nhiing phuong
phap x4c dinh hé sb trao d6i nhiét c6 nhiéu wu diém;

Bai bao da xay duyng thanh cong md hinh thyc
nghiém theo nguyén Iy TOIRT xéc dinh hé s trao doi
nhiét cho mé hinh mang phan phdi nhiéu 15 c6 xét dén
twong tac giita dong phun va dong ngang. Két qua thu
duoc tir mé hinh c6 do hoi tu, sai léch giita cac két qua
S0 Vi gid tri trung binh duéi 5%;
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Két qua thyc nghiém duoc kiém chang thong qua
céc két qua da cong bb [6, 9] vai sai s6 khoang 10%;
C6 thé str dung md hinh thyuc nghiém nay dé tién
hanh nghién ctru anh huong caa céc thong sé hinh hoc
va khi dong toi hé sb trao doi nhiét cia mang phan
phéi trén canh phun tuabin.
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