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Application of pipeline network algorithm in turbine inner

cooling blade heat transfer calculation

SHI Liang., XIE Ming, HAN Wan-jin, YAN Pei-gang

(School of Energy Science and Engineering,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: Based on the concept of pipeline network algorithm, the calculation procedure
applicable to inner cooling channel heat exchange has been developed. Coupled with external
flow field solver HIT3D, the Mark II blades condition 5411 test results were used to verify
the validity of pipeline network procedure, showing that heat transfer coefficient and temper-
ature had good agreement with the test values. On this basis, for the complex inner cooling
channel flow paths of a certain type of high-pressure turbine rotor blade, a fluid network
computing model was established. An exhaust film hole was added to the suction side of
blade tip, and the two groups of adjacent passages of the front and rear serpentine channels
were connected with three through tubes separately to balance the pressure. Retrofit design
and prototype employed pipeline network procedure to calculate flow and heat transfer pa-
rameters. Results show that, under the same inlet boundary conditions of cooling air, the
maximum temperature and the average temperature have decreased more than 10 K as com-
pared with prototype, and adverse conditions such as concentration of local high temperature
on suction side have been improved. The improvement effect has been confirmed through full

three-dimensional CFX simulation.
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Fig. 5 Unit division and inner cooling channel

of Mark II blade
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Table 1 Cascade main flow passage inlet and outlet

working conditions

SRR DALY 28 HfH
BJE/Pa 337097
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. it L 3 B2/ 0 6.5

B 10
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Cli 5.6X10°
¥/ Pa 175713

i ik & 1. 04
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R2 VRAZEENERMDRES
Table 2 Diameters and boundary conditions of ten

inner cooling channels

WiE HB/ W/ Pou/

Ui 5 mm  (kg/s) /K MPa T./K
1 6.3 0.0246 326 0.3533 452. 909
2 6.3 0.0237 316 0.3497 423. 372
3 6.3 0.0238 322 0.3571 423. 798
4 6.3 0.0247 328 0.3647 460. 018
B 6.3 0.0233 308 0.3200  473.432
6 6.3 0.0228 305 0.3428  479.608
7 6.3 0.0238 313 0. 3587 484. 386
8 3.1 0.00775 335 0.7030  500.505
9 3.1 0.00511 330 0.5370  528.908

10 1.98 0.00334 354 1.0199  537.384

2.3 WIEHER

B F 3 VTR A TS B I e i e AR
(4 e ACRE PR 2 15 5 SE I AH AT A A g = 4k
HIT3D #7845 19 i 1% 28 R 5000k o 4 Wi 58
FRIF i e A BE 1) 5 44 01 S 44 B HIT3D #
A% Wi 8 ¥ COOLNET, K #£ k -» shear
stress transport(SST) X7 F2 i i 45 Hl 4b B 7 BE
B 3P 38 1) 2 488 0 43 B U Bl o S B A A B
HLHIT3D 4 =48 )7 I B WG R E Tl K2 &L F
A PR 2001 K& o 3 F T 25 40 Ak i i 3 90 3 A
KL E T B9 B CEX Y SST #57 ky 4k [
W HITSD B2 k-0 SST A5 B AR $5 5% 14
CFX By SST LA UL N A 5

Bl6 4 Lohnt fy il sz &, JE iS4
X/ L A s bR, 1EfH % R K 7 10 (PS) , f{E o
T (SS) s he HSFHAERFRE. T, WS HIRE.

6 (a) Ry 15 30 2 B0l 28, B W 77 1T 2 2% B 3
AT 25 35 5056 (8 AH 22 B0k A, A3 4 #1F
e 5 S B0 BHE A B A  3R PLAE R AL i o —
B0, KHB SO Ab T EAE 5 200 (E 1Y 22 51 AE 1R 22
0 B P T B e R TR BE X L BN L BUAR A A
THEEAT LB B 8 B A 5B 45 K SR mT LA
WK AR RS X T Sk Ab I ik B 0 I e T R AR
PR B ARG TR S SE 00 SR AR [R]. B2 0 A
A £ 305 Rt R R — B AR O R g
A ] G IR AL 43 B B 3 0 R A, 5 R
FHAF.

JITAS T) £ 2 W 3 T R % B G0 UL B 2 AR
T 38 205 2R D) — B a2 I+ B 3 o 1R A
LR N b A 3 T N IO O e 6
A T i 0 BB, T B e B E R ) T R
SxBE T R O IF A di 0 40 PR R B T R T Y 2
T DX, T AR IR 2 AN AR A TE DA AR

l4r h,=1135 W/(m? -K)
[ —a— HIT3D-COOLENT k-0 SST
12 Test 5411

XIL
(a) fEE AR



2094 Wi o2 @

9530 %

Test 5411
+— HIT3D-COOLENT k-@ SST

0.70 —i
bl ik

e
= (1.65-_-
0.60 |-
0.55
0_50—...I....l....l....l
-1.0 -0.5 0 0.5 1.0
XL
(b) i

K6 HIT3D-COOLNET #4315 ) e $ 5 BORI i
5 5411 T O30 25 R WX 1o (ot J SN EE e A o7 5 4 )
Fig. 6

temperature of HIT3D-COOLNET coupling

calculation with 5411 working condition

Comparisons on heat transfer coefficient and

test results (in the middle radical

position of blade outer wall)
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Table 3 Contrasts of the highest value, the lowest value and the average of blade surface temperature

and heat transfer coefficient

i 5 /K AL/ (W/(m* « K))
Jr ik
Tae Thnax have Pinax huin
HIT3D-COOLNET 544.78 613. 24 5.35 600. 18 1890. 25 64. 12
Test 5411 531. 64 597.14 470. 62 565. 82 940. 23 249. 24
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Table 6 Average temperature of inner channel wall of

blade middle radial section
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temperature and average temperature
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pipeline network calculation before and
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