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Study of pressure loss and heat transfer
in contractive channel with water-drop-shaped pin fin arrays

XUAN Jian-guang, WANG Feng ming
(L. Collegeof Energy and Power Engineering,
Nanjing\ University, of Aeronautics and-A'stronautics, N anjing 210016, China;

2. The Research Institute on General Development and Evaluation of Equipment,
EAAF-of PLA, Beijing 100076, China)

Abstract: _The flow processes in contractive channel with three different water drop
shaped pin fin staggered arrays were studied numerically in the present paper, and the basic
features of intensity distribution of vortexes in the arrays were obtained. Moreover, the in-
fluences of the vortexes on the pressure loss and heat transfer enhancement of the arrays
were discussed in detail. Comparisons were made between the contractive and rectangular
channels. It is found that the average Nusselt number of the endwall in the contractive chan-
nel is higher than that of the rectangular channel in the range of the Reynolds number, and
the pressure loss coefficients of the contractive channel is 3 to 4.5 times as much as that of

the rectangular channel at the same Reynolds number.
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Fig.4 Distributions of the flow intensity

in the arrays with y= 16 and y= 22mm



2294

23

(y= 16mm Nu

,¥= 22mm 4 ).
Re (Re=30000),

2 2 Nu 2
, Nu
2 z 2 2
2 2 2 2 1
2 2 3 2 2
, ) [9] ,
2 b
2 2 2 Nu 2 2
Re= 30000 ,
2.2 1.3
5 I
Re= 30000 ( 2.3
z=0) y=16mm y=22mm
6 7
3.25
2os o i I
= g + et Eu Re
S 225 + , Re
3 i T g
=2 + O
175 t A , Nu v
125 fo o o \ 220
p 5 * K1 A
0.75 - - 200 ¢ A K s
0 0.02 004~ 006 008 o K Il
m 180 } | — HiEImIH o
el =i - il it N
160 | A
325
o Wi i i
2.75 . + W4 i & 10r
2
2 225 - 20
< 175 . e
°r . 100 |
1.25 Do o & g\
T —— w
0.75 St . 80
0 002 004 006 008
x/m
(b) y=16 mm UL
40 L 1 1 1
1 2 3 4
5 Nu
Re/10°
(Re= 30000, ¢= 10000 W/ m?)
6 Nu

Fig. 5 Distributions of the local Nusselt number

in the arrays (Re= 30000, g= 10000W/m?)

Fig. 6 Nu, vs Re



2295

Eu

|

:

* K1
A K1
O JKIE I
— MiEiEiE

*

*

Re/10*

Fig.7 FEu vs Re

25 ;

Nuvave

40,

[1]

[2]

[3]

[4]

[5]

[6]

[ 8]

[91]

NLLa\r 20"“

Metzger D E, Berry R A, Bronson J P. Developing heat
transfer in rectangular duct with staggered array of short
pin fins [ J]. Journal of Heat Transfer, 1982, 104:
700-706.

R . [J].
, 1997, 12(2): 175179.
SU Hongzhen, LIU Songling. An ex perimental investiga
tion on flow field in pin fin arrays[ J]. Journal of Aerc
space Power, 1997, 12(2): 175 179. (in Chinese)

[J]. , 1998, 13(2): 51-55.
SU Hongzhen, LIU Songling, XU Duchun. An experr
mental investigation on flow field in staggered pin fin ar
rays| J]. Journal of Propulsion T echnology, 1998, 13(2):
51-55. (in Chinese)
Metzger D E, Fan C, Haley SW. Effectsof pin shape and
array orientation on heat transfer and pressure loss in pin
fin-arrays[ J]. ASME Journal of Engineering for Gas Tur
bine and Pow-er;. 19845 106(2): 252 257.
Sparrow E M, Grannis V B. Pressure drop characteristics
of heat exchangers consistingof arrays of diamond-shaped
pin fins|[ J|. International Journal of Heat and Mass
T ransfer, 1991, 34(3): 589 600.

[J]. ,2007,28(1):3742.

WANG Fengming, ZHANG Jingzhou, WANG Suofang.
Study of flow characteristics inside rectangular channel
with different pin fins[ J]. Acta Aeronautica et Astronar
tica Sinica, 2007, 28( 1) : 37-42. (in Chinese)

Hwang Jennjiang, Lui Chauchin. Detailed heat transfer
characteristic comparison in straight and 90-deg turned
trapezoidal ducts with pirfin arrays[J]. Journal of Heat
T ransfer, 1999, 42: 4005 4016.
Hwang Jennjiang, Lui Chauchin . Measurem ent of endwall
heat transfer and pressure drop in apirr fin wedge duct[ J].
International Journals of Heat and Mass T ransfer, 2002,
45: 877 889.

Ryosuke M, Shinzo K, Mamoru S. Effect of pin fin ar
rangemnt on endwall heat transfer[ J|. JSME International

Journal, 1997, Series B,40(1): 142-151.



