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PRI A R FH N 140 mm | 55Ky 20 mm (AR TEEE , SCHBCR A 3 R E AR A W)
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A 2 520 mm HE DA LS B ARLANIE] 2 7R [E AT IR Th B 45 S TR B .
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Fig.2 Physical model
—3t 70 P EkEs, MARER R Z AR B #h 20 mm . z J7 [ A ARG S5 ), i sh 7 A5 10
AERES LTI A E 7 AERE.
2.2 MEXI5
KA ICEM CFD X BERYHEA T 7S A A& R 43, THRRAS 5 L 5% 1 77 e T ARl 5 3R
AR A AL R R RN, AE 1 1 BR v 5 1 B i R FH JR) 38 % B G ak U, 1R AR
O HU A% B g IRA% BT ok, &l 3 .
x1 MigEERE

Table 1 ~ Grid information
item node number N ;. hexahedron number NV,
single dimple in fluid domain 71 610 66 848
inlet 350 000 333 094
outlet 350 000 333 094
whole fluid domain 5539 450 5345 548
single dimple in solid domain 20 460 17 694
whole solid domain 1 382 700 1238 580
whole domain 6922 150 6 584 128

FEER R RS A R 52 1 2R
FEJZ T ) T fRifk Navier-Stokes J7 &, 135
a) HELT R (RSP E IR )

Ju v ooy, (1)
dx Jdy Oz
b) BhEsFIEIT
ou Jou Jou dp 9 du d( Jdu d( OJdu
plu——trv—tw ==+ U, (2)
0x dy 0z ox  Jdx\| 0x ay\ dy dz\| 0z

v ov dv op 0 dv 9 dv ad ov
plu—tv —Fw —|=-—+ —u [+ —|p [+ —u—|, (3)
ox oy 0z dy  Ox\| ox ay\| 9y 0z\ 0z
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Fig.3 Local grids at the dimples
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Fig.4 Nusselt number vs. Reynolds number
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Fig.5 Friction characteristics vs. Reynolds number Fig.6  Thermal performance vs. Reynolds number
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Fig.7 Streamlines with the 3 kinds of dimples, Re = 500
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MEREIIREE N 2 mm (8/d = 0.2) B}, Re = 500 T BYER S N EBAR & A4E VN3 B (BAE Re =
1 000,1 500 W% A£G S35, H Re = 1 000 W9 820 BS54 B8 A T BR a5 v A5 B il
J& ,Re = 1 500 W43 83 s TERES i 2 5.
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BRI NFR R R AR T sh oy, o sl o B 5 3 TR S 2 A,

(c)é/d = 0.3
B8 Re = 10003 Fakss psbim shiehi
Fig.8 Streamlines within the 3 kinds of dimples, Re = 1 000

(b) 8/d = 0.2
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(c)é/d = 0.3
9 Re = 1500 if 3 FfRiss N 0 S 4544
Fig.9 Streamlines within the 3 kinds of dimples, Re = 1 500

SRS BT LB RT LI GE , 7R Reynolds B0, 2088 s o7 TER S 200, I
PR I HAFE R AR EIREE | 76 3 7 Reynolds T F (Re = 500, 1 000, 1 500) ,1%
BRI N BIAEAE T BN 73 B8 HL 20 B A T BRSSO 200, S AR R g, DRI T DH 2 I R B Ak
TE1~2 mm (8/d = 0.1~0.2) ZIf].

4 4 e

1) XTI A, 5 Re BOG K, Nu BUREZ 34 K ; [7]— Reynolds 0, F A7 3R &S 4514
AT LA b i e 4,

2) HEREIREEAHFI, B Reynolds %, BH O ApE 2822 IR EE N 1 mm (6/d = 0.1) 1)
BREEBH 1Rtk JF H 5 Reynolds BOCRA K IREE N 3 mm (8/d = 0.3) AIBKES B F¢1E i
2.

3) PARERE Reynolds £ Kug A T B, B Reynolds 2% F #Ur: #0 4F. []— Reynolds %%
T B B TR EE RN, PRRPE R AR BRES TR EE S 1 mm PR VR e, HL LG D3 SRR T4 55
HARZ  ERESTREE N 3 mm PURRE(E AR,

4) XF H SIS SR E RS S, BRI L 2R (8 2 T T AAS S A TR B R BR S TR L 7 3 b
Reynolds L T F (Re = 500, 1 000, 1 500) , iZ 3K 5% NEREIAEAE T 80 85 H A0 B8 S T3R5
HLC ZHT, IR A, PR AT DA E LR ARE 1~2 mm (8/d = 0.1~0.2) Z [H].
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Numerical and Experimental Study of Heat Transfer
Enhancement Based on the Structure of Cooling
Channels With Dimples

ZHANG Di, GUO Shuai, XIE Yong-hui
(School of Energy and Power Engineering, Xi’ an Jiaotong University
Xi’ an 710049, P.R.China)

Abstract: The dimple has bright prospect in the micro heat exchanger for smaller flow resist-
ance and better heat transfer enhancement characteristics. Numerical and experimental study of
heat transfer enhancement based on the structure of cooling rectangular channels with dimples
was carried out. The flow structure and heat transfer characteristics in laminar air flow with dif-
ferent dimple depths and different Reynolds numbers were investigated, and the results were
compared with those of the corresponding flat cases. The results show that; with the increasing
Reynolds number, the heat transfer effect gradually increases; there exists the best dimple
depth between 1 mm and 2 mm at the 3 Reynolds numbers (Re = 500, 1 000, 1 500) ; the flow
separation occurs inside the dimple and the separation point is located in front of the dimple
center, which results in the best heat transfer characteristics; at the same Reynolds number,
the resistance characteristics decrease with the increasing dimple depth, and the thermal per-

formance decreases with the increasing Reynolds number.

Key words: dimple; heat transfer; numerical simulation; experiment



