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Ten‘éperature Ten}perature
17.75 26.15
499.61 416.15
481.48 406.16
463.34 396.16
445.20 386.16
427.06 376.17
408.93 366.17
390.79 356.18
372.65 346.18
354.52 336.18
336.38 326.19
318.24 316.19
300.11 306.19
[K] A 8 L iq
0 0.01 0.02 (m) o 0.01 0.02 (m)
0.005 0.015 : 0.005 0.015 :
(Re=10000) (Re=20000)
Temperature Temperature
391.53 377.80
383.91 371.32
376.29 364.84
368.67 358.36
361.05 351.88
353.43 345.40
345.81 338.92
338.19 332.43
330.57 325.95
322.95 319.47
315.33 312.99
307.71 306.51
300.09 300.03
K] [K]
0 0.01 0.02 (m) 0 0.01 0.02 (m)
0.005 0.015 ‘ 0.005 0.015 :
Temperature
Temperature 371.42
369.31 !
364.94
363.54
358.46
357.76
351.98
351.98
345.50
346.20
339.02
340.42
332.54
334.65
326.06
328.87
319.58
323.09
313.09
317.31
306.61
311.63
300.13
305.76 203.65
299.98 K] :
K]
o 0.01 0.02 (m) 0 0.01 0.02 (m)
0.005 0.015 ‘ 0.005 0.015

(Re=50000) (Re=60000)
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Tem| 5peratu re Ten?erature
01.89 46.32
485.08 43414
468.27 421.96
451.46 409.79
434.65 397.61
417.84 38543
401.03 373.25
384.22 361.07
367.41 348.89
350.60 336.71
333.79 324.54
316.98 312.36
300.17 300.18
[K] LA R K
0 0.01 0.02 (m) 0 0.01 u.nz‘ (m)
0.005 0.015 : 0.005 0.015
(Re=10000) (Re=20000)
Ten}perature Temperature
01.23 368.34
392.81 362.66
384.39 356.98
375.97 351.30
367.56 345.62
359.14 339.94
350.72 334.27
342.30 328.59
333.89 32291
325.47 317.23
317.05 311.55
308.64 305.87
300.22 300.19
K] %
0 0.01 0.02 (m) 0 0.01 0.02 (m)
0.005 0015 ! 0.005 0.015
(Re=30000) (Re=40000)
Temperature
4539 =Ry
348.96 342.42
344.52 338.58
340.08 334.73
335.65 330.89
331.21 327.04
326.78 323.20
322.34
317.90 31551
313.47
209.03 o780
304.60 303.97
300.16 30013
(K] (S
0 0.01 n,ﬂz‘ (m) o 001 002 (m)
0.005 0.015 1

(Re=50000)

0.005

(Re=60000)
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Temsperature

47.23
526.65
506.06
485.47
464.89
444.30
423.71
403.13
382.54
361.95
341.37
320.78

300.19
(K]

0 0.01 0.02 (m)
]

0.005 0.015

(Re=10000)

Ten}perature

01.07
392.66
384.26
375.85
367.44
359.03
350.63
342.22
333.81
325.41
317.00
308.59
300.18

K] g

0 001 0.02 (m)
]

0.005 0.015

(Re=30000)

Temperature
357.65
352.85
348.05
343.26
338.46
333.66
328.87
324.07
319.27
314.48
309.68
304.88

300.08
(K]

0 0.01 0.02 (m)

0.005 0.015

(Re=50000)

Tenyerature

38.00
426.53
415.08
403.59
392.12
380.65
369.18
357.71
346.24
334.77
323.30
311.83

300.36
[K]

A~

[ 001 0.02 (m)

0.005 0.015

(Re=20000)

Temperature
376.21
369.87
363.52
357.17
350.83
344.48
338.13
331.79
325.44
319.09
312.74
306.40

300.05
(Kl

0 0.01 0.02 (m)

0.005 0.015

(Re=40000)

Temperature
363.16
357.89
352.63
347.37
342.11
336.84
331.58
326.32
321.06
315.79
310.53
305.27

300.01
K]

—

0 001 0.02 (m)

0.005 0.015

(Re=60000)
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Te msp erature Temperature
11.70 414.98

494.06 404.83

476.42 394.68

458.78 384.53

441.14 374.38

423.49 364.23

405.85 354.07

388.21 343.92

370.57 333.77

352.93 323.62

335.28 31347

317.64 303.32

300.00 29317
K] [K]

0 001 0.02 (m) 9 O — 0.02 (m)
0.005 0015 0005 0015
(Re=10000) (Re=20000)

Temperature

3%7. 17 Ten}i%egrlagt_yre

Sa07 3287

3728 365.97

E 4»73 359.38

356.68 3%2.78

34 8. 58 346.18

34049 339.58

33239 332.98

324.29 326.39

31 6. 19 319.79

30810 313.19

30000 306.59
K] : K] 300.00

0 0.01 0.02 (m)
- - il 0 0.01 0.02 (m)
0.005 0.015
(Re=30000) (Re=40000)

Temperature

3%8,80 Ten‘é%ilia?té.:re

363.07 359.38

357.33 353.98

351.60 348.59

345.86 343.19

340.13 337.79

334.39 332.39

328.66 327.00

322.92 321.60

317.19 316.20

311.45 310.80

ggg-gg 305.41
K] B K] 300.01

0 0.01 0.02 (m) 0 0.01 0.02 (m)
0.005 0.015 0.006 0.015 :

(Re=50000) (Re=60000)
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(Re=50000)

oY bt
Ten%perature Temperature
05.53
488.40 l 400.74
471.27 1 390.96
454.15 1381.18
437.02 1 371.39
419.89 1 361.61
402.76 351.83
385.64 | 342.05
368.51 1 332.26
351.38 1 322.48
334.25 312.70
317.13 302.92
300.00 293.14
(K] L— )
0 001 0 0.01 0.02 (m)
0.005 0.005 0.015
(Re=10000) (Re=20000)
Temperature
=R as 3621
385.10 369.86
377.36 363.51
369.62 357.16
361.89 350.81
354.15 344.46
346.42 gg?;g
33094 325.40
323.21 319.05
315.47 312.70
307.73 306.35
300.00
300.00 K]
K]
] 0.01 0.02 (m)
0 0.01 1
0.005 0.015
0.005
(Re=30000) (Re=40000)
Temperature Temperature
368.26 361.00
362.57 355.92
356.88 350.83
351.19 345.75
345.50 340.67
339.81 335.59
334.12 330.50
328.43 325.42
322.74 320.34
317.05 315.26
311.36 310.17
305.67 305.09
299.98
K] (K] 300.01
0 001 0 0.01 0.02 (m)
0.005 0.005 0015 !

(Re=60000)
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Nu/Nu,

Nu/Nu,

Nu/Nu,

l\)

[\

R = 9.15=XD,
A 0.28=XD,
v 9.40=XD,

(Re=10000)
B 9.15=XD,
i A 9.28=XD,
v 9.40=XD,
e v " v
;IlA. g-. ma
I 4%f?j§§, w <
- o
i
0 0.2 0.4Z/Dh0,6 0.8
(Re=30000)
m 9.15=X/D,
B A 928=XD,
7 9.40=X/D,
S 0N
- & Ly I a
USRI, My L
NS 2
Ty -
%
0 0.2 0.4Z/Dh0.6 0.8
(Re=50000)

Nu/Nu,

Nu/N u,

Nu/Nu,

(O]

[y

l\)

m 9.15=XD,
- @ A 9.28=XD,
% zv 9.40=X/D,
g;::" Y ‘é
" Ly mA
" A, S "Ll
F tf%aib:k . n ¥ ;§§s
i b %
%
0 02 04,06 08 1
ZD,
(Re=20000)
| | 9.15=X/D
i A 9.28=XD,
hvs 9.40=X/D.
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- 5’\
0 0.2 0.4Z/Dh0.6 0.8 1
(Re=40000)
m 9.15=XD,
B A 0928=XD,
v 9.40=XID,
ﬂ% W %
M # ‘ v
%
0 0.2 (].4Z/Dh0.6 0.8 1
(Re=60000)
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EN
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5
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A 928X,
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S g™ 4 W
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|

%0z 04,06 08
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Abstract

An alternative for rib Turbulators in past recent years for internal heat transfer
enhancement is surfaces with dimple and/or protrusion. These two techniques
induce less pressure drop compared to rib, which leads to higher thermal
performance. In the present study, flow characteristics and heat transfer
enhancement for surfaces with V-shaped dimples and/or protrusion is
investigated using numerical methods. There have been four cases with different
configuration of V-shaped concavities. The objective of this study is to enhance
heat transfer and flow mixing, combining these two techniques on different
walls of channel. All the results are obtained using standard k- model. The
combination of dimples and protrusion on different walls of channel is the main
design parameter. The inlet Reynolds number ranges from 10,000 to 60,000
conducted for four cases with different internal concavities. Measurements
indicated that in lower Reynolds (Re=10,000) highest Nu/Nuo belongs to the
case which only opposite walls of channel were dimpled. Whereas other cases
approximately induce the same amount of Nu/Nuo. By increasing Reynolds
number to 20,000 all cases show similar trend. The Nu/Nug increases for all of
cases. As the Reynolds goes higher, all cases show decrease in heat transfer ratio
except the case, which sidewalls are also dimpled, which shows increasing trend
in heat transfer which is due to two additional counter-rotating vortices induced
in sidewalls. Moreover, in all cases by increasing in Reynolds number, friction
factor increases. Therefore, the highest overall thermal performance belongs to
the case which sidewalls as well as opposite walls.

Keywords: Internal cooling of Gas Turbine, V-shaped Concavities, Thermal
Performance, Rib Turbulators.
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