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Experimental and numerical investigation of the cooling
characteristics in a laminate porous plate
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Abstract:

A typical configuration of laminate plate for turbine blade application was manufactured and tested in a large scale

low speed closelooped wind tunnel. The internal flow resistance and the cooling effectiveness were obtained. The experimental results

showed that very high effectiveness can be achieved by using lamilloy. Coupled fluid/solid heat transfer calculations were performed to

obtain the cooling effectiveness and the complex flow and heal transfer patterns in the laminate plate by using the commercial codes,

FLUENT®6. 0. The numerical results showed the agreement with the experimental data were fairly good and the coupled fluid/solid

method is a feasible way to obtain the cooling effectiveness of lamilloy.
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Fig.1 Lamilloy cooling effectiveness test rig
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Fig.2 Schematic of the laminated porous plates

3 HIELIESRR

SCHR[ 6] 1 2 fLA I FERE 1ok R T B R
H?’(*ﬁﬂ{ﬁuﬁﬂj\%ﬁi@ fa BT T 1 2 i — Fp 2 R &
H, (pi- p3)=d/( RTnd 5 mi/ B Z [ L% &,

L2 R e S

AIEE, pr I SLIEIE, L AR AL, R
FRIEHE R WSS SR BB T AR RIR
(AT RE A% SO i e b 7 32 40 B8 52 56 o £
BB .

GAERHBREENN: "= (T,- T)/(T,~ T.),
R T, AR L) BE, T, NERBRSNF 5
I, T, ARSRIEE. EWHESCN: p.= pi/pe Ei
S v i TR 0 0 R SR 3 8 4 5 T L
IET

4 REFEHEITE

A IR B LRT 7' R, RN SR
IR, e A R AE R AN, AE AT e At B, a2 A
SR AR X3, W45 B a2 SR AR AN 5 H R S 50 5%
g i, THE RS R IBAE 5 55505 Rt AT A,
AR 3R AL [ 48 & A% 0 S 7V kAT 2
A 25 R B AR
4.1 EXRFEMmTEE

K FH = 4 75 o 7 35 57 18 24 Navier-Stokes J7 2.
XL LR A A% 2 51, FLUENT SR R 1 A2 %8 3% 25 B
B SR MR RRE G 7 vE, BV AL SR [ AR H 4 —
R R, AN R X3 X A AE ) X B R B
SCIRTREANTE, # & SRR T v SR iR STHRT 8]
POFAIA 2 1 R S A B ] AR AR AR T R A
RHI RNG h-€ A5, B R A sk B i b ™
4.2 HEEMTEME

THE LS JE AR PN S E A S AL AL 4
FHEAROHE H AU A LA S A4y B AR L
{7 b EHAT AR, PR A {2 i B e 46 4 ) — A
TR, 25 BB L SLER AU, e S FUR I
SR A RY A BRI K, 72 3E LA AL
Aba3 AN T 3k OB H 1B, DA B B S PRl v

K 7 F 8 Fluent6. 0 [ AT B M A% AL EE 28 Game
bit2. 0 A2 it SR FA% . FEHE I BURIH 1B, MR A
DU 44 4 k%, G HH Gambit BT 19 Sizefunction Th B8 %
i) o 5 0, 2 R 4 ) AR HL P Sl O R 4, R D R
R, Se etk i AL B SRR A DY 2 T8 i, 4R
Jo 2 B R R A U R AR R TR R SR AR R
TPk, JAERETH L35 — E A 0B ™ i 2 3R AL
HETH AL T A BESR . MAR MBI 2% 10°. [ 3 A
TR M, B 4 25 1 7 AR AR FLEBE T &



136 i i 5

A 2004 4

PR THT A

Inlet 5
region §

Inlet el SuaE
I”I}l‘ 1

Ohatlest
region

Fig.3 Numerical simulation region
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Fig.4 Part of the numerical simulation grid
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Fig.5 Experimental and numerical results of flow resistance

Fig.7 Path line in laminate plates
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Fig. 9 Heat transfer coefficient distribution
on cylinder wall and outplate wall
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Fig. 6 Experimental and numerical results of cooling effectiveness
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Fig. 10 Temperature distribution of cylinder and plates
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Fig. 11 Averaged Nusselt number for

different surfaces in laminate plates
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