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Abstract:  The two-layer k-€¢ model was used to calculate the turbulent flov and heat

trander characteristics in a rectangular channel w ith trangiration cooling T he calculated results

showved that increasing cooling flow rate greatly reduced the wall temperature, the local

oonvection heat trander coefficient and the temperature gradient in the main flow near the

trangiration coolingwall The changesof the ratio of St/Sto for various values of the modified

blow ing ratio F/Sto for variable themophysical propertiesw ith consideration of themal radiation

were less than the changes for constant properties Increases of the main flow temperature
increased the effect of the variable properties and themal radiation T he influence of themal
radiation on the wall temperature was stronger than the influence of variable themophysical

properties The influence of the variable properties and themal radiation on the convection heat

transfer coefficient was snall W hen themain flow temperaturew ashigh (e g 2500 K) and the
wall tanperaturewaslow (e g 800 K), the effect of the themal radiation w as not strong and

the trangiration cooling effect w as still obvious
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Fig 1 Physical model of horizontal channelw ith
trangiration cooling
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Fig 2 Themal radiation network model for rectangular channelw ith trangiration cooling
2o _ 2| M 2el, . €, ¢ ,
OX; Oxil 0 Ox; 'K
U, QU 2u; £ -
p\h[ax- T oxi) ox; C2P K (8) ,
‘ _ ’ PHOEN ICS3 3 k-€
Launder Spalding 1974 Re [9] Re k-e
[12]
k-€
k-€
, : k-€
1 €
yRe ]
k-€ Rodi k-€ ' Re= 350
k-1
k-€ [13,14]. [9] k"€
' i (T=< 300 ) ,
i
€= (9) ,
le
= 1/2 '
ve= Gkl (10) T= 250K 2500 K
| = _ Ciyn
T 1+ 53R )
lv= Cw{l- ap[- %ﬂ]
3 k1/2 L 1 L L
C = %41 . Re= )an_ A= 505 F201, F202, F203, F204
M
Yn (F1, Fao, Fa0s, Fuaos) ,
Re
k-€ (5] k-€
[Xl,l' 1- EJJ1+ X12J2+ X13)s+ + Xindn= G - 105-[-‘11
X21J1+ [Xz,z- 1- GJ Jo+ X23J3+ + X2ndn= o - ]_Oa'l"z1
X311+ Xaado+ [Xz,s- —]—1_ EJ Js+  + Xanda= i‘—&_ Rk
-1 _ 6 4
XniJ1+ Xn2J2a+ Xnsls+ + [Xn,n' 1- GJ Ja 6 - 105Tn

n= 404

(11)



2 187
H X H 1
dx, ,
[16].
X dF1,dF2 = Q)_S_Z@SI’ (12) X
M (x),
gi (i= 250, 251, 252, , 299)
Xii(i,j= 1,2, 200,205,206, ,404) I.( ) - Tu(x)
® Qx) = A 5 M (x) - gr(x) x
, M (x) = oM (x)[Te(x) - To] (14)
) ( ) , T1 (X), Tw (X) X
() , ;
) ;M (x)
0.5
404
1- DX, : Tw (x) =Te (x),
X203 = X204 = _J:_ZZ%_ Tw(X) = Tc(x) =
AT(x) 0+ PV To- a(x) (15)
i= 1,2, ,200 XN/0+ PN
200
1- . X
X201 = X202 = _‘:El_
) - Tu(x)
QG0 5 AT () =
i= 205,206, ,404
oM (x)[Te(x) - Tol (16)
X 201,203 = X 203,200 =\ 0.5
Tw(x) = Tc(x) =
X 202,206 = Xooa202= 0.5 AT (x)/S+ cbV . To an
?&/5+ Cppch
, 6= 0.2 (i= 1, 2, , 249,
300, 301, , 404); A (x)
6= 0.8 0.4 (j= 250, 251, , 299) % ()= @ pn sy [Teb) - Tol - (18)
Doolittle 404x 404 «
AR T =T - Te®) (19)
Ji, ,
( : ):
Eu- .
gri = (1_ G)/G (|: l, 2, ,404) (13)
DX « )
200 , Z ( ) 40
(T, i=1, 2, , 200, 205, 206, , 404)
Too1= T1 , T202= To200
_ _ 2
Tos= T20s , To24a= Taoa
( ), , 300

2500 K ,



19

188
: 5 6
Ti= 300 2500 K Ti=
V.= 16.602 373.7m/s 2500 K, pi= 101. 325 kPa, Re= 10000 F= 1%
Re = 5000 10000
F= v , F=0.1% 3.0% ;
PV i 0.8
To= 20 Vo 0.4 ' |
200
[ Y
—o— Yt EES
—a— AEybE SR ' :
150 %73
e
:R L
—u— WYk
s —oc W TiES
. : . . ' ' 1700 —a B IS (=08)
50 60 70 80 90 100 | ot 2yphe atES (e=0.4)
x/mm 1500 )
F=1%, T=300 °C, p=101.325kPa, Re=10000 o 1300k
, > loof
900 p=101.325kPa , Re=10000
Fig 3 Localwall tenperaturew ith trangiration 700: "onnnee,
ooling along the flow direction sook oaosoemsemmeest
300 ¢ 50 60 70 80 90 100
x/mm
250 —-n— HUHE
—o— EYE KIS
g 20 ~a— s AR 5
§ 150 Fig 5 Localwall tenperaturew ith trangiration
5 100+ oooling along the flow direction
50F 1200
T btk e
0 : . - o ' 1000 —o— AWt TiES
50 60 70 80 90 100 —am WM A S (=0.8)
x/mm < 800 | —o— AHIME SEEE (=04)
F=1%, T=300 °C, p=101.325kPa, Re=10000 NE- 1
3
<
4
Fig 4 Local oonvection heat trander cefficient
w ith trangiration cooling along 0 50 50 70 80 90 100
the flow direction x/mm
F=1%, T=2500°C, p=101.325kPa , Re=10000
3 4 )
Ti= 6
300 , pi= 101.325kPa, Re= 10000, F= 1% Fig 6 Local convection heat transfer coefficient

w ith trangiration cooling along
the flow direction

T= 300 7



189

2
(20) , Kays
, , Craw ford™"! St/Sto
; ) F/Sto ;
; , St/Sto : . St/St
Re
800 £ Frm —u— F=0.5% Tk
i —u— 2200 —o— F=0,5% 7 :
Zgg [ ~o- LUt AR o F=1‘i/ %%E i
g —e- Bt A -V F=1% Wt ShEs
g S00F —e—F=2% Yt
$ o —x- F=2% Mt AR
< 300} y o2
200 [ &‘;
103- > 600 M
00 05 10 15 20 25 30 200 !

F/'%
T=2500°C, p=101.325kPa, Re=10000

7
Fig 7 V ariation of average convection heat transfer
ooefficient w ith blow ing ratio
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Fig 9 Localwall tenpératurew ith trangiration
oooling along the flow direction for
different blow ing ratios
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Fig 10 L ocal convection heat transfer coefficient
w ith trangiration cooling along the flow
direction for different blow ing ratios
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