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Abstract  This study investigated the impact of different micro-rib arrangements on the flow and heat transfer performance of
microchannel heat exchangers. Sixteen rib configurations were designed, and four optimized structures were analyzed through numerical
simulations. Key parameters, including the velocity and temperature fields, pressure drop, friction coefficient, base temperature, and
Nusselt number were evaluated against a smooth rectangular microchannel. The results reveal that the rib structures significantly
increased the pressure loss and friction, with sharper profiles causing a higher resistance. Additionally, these induced throttling effects
and generated horseshoe and wake vortices, thereby generating distinct flow patterns. The heat transfer was enhanced significantly, with
a maximum base temperature reduction of 12. 87 K and a 57. 4% increase in the relative Nusselt number. Among the evaluated designs,

the Type 1 microchannel achieved the best trade-off between pressure drop and heat transfer performance.
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Fig.2 Local geometric structures superimposed with

different types of microtextures

1.2 = iEE
1.2.1 #RERG

T 53 B iGE T P A O B R AR BARE M X AR
TSR AR R AR AR S I B, N R
E )RS B =35 B x| B € A 4 R A T we 2 )
T I AN 25 BT ) 1 52 5 22 W T RE 0N 5 T
30 0 AR A PR X SRR 5 b SRR A L RS
BE LS B R 04 9 oA 381 J/ (kg K). 8 978 kg/m®,
387.6 W/(m-K); B E T A8 1K,

AHF5E F) F ANSYS FIUENT18. 127430 )
SR A f I T G I IR A AR AT T A
ESR 38, I F A BRAAR R, i B SIMPLEC 553
HHBA RS S B L A XF R | B A R HOR 4%
SR, PR 03 KU B B B AR R



5547 % 552 1) Vol. 47, No. 2
WA, A5 AN ) SR A 2 o 4 I T 96 B T Bl 4 B PR ST
2026 4F 4 /1 8% "” o " ' April, 2026
F1ITEX B LTS R2HETTELREH
Tab.1 Computational region geometry model mm Tab.2 Numerically calculated boundary conditions
e HfH X 5k R Fh
T I A B L BE H, 42.24.0.66 A HUE AL ul, g = uivl, g = ol
T,=T, =293K
G 34,958 (A ) W 31 (=1, =29
. o FEa Pr=Pou = 0Pa
RO b TS L, 0.46 !
O e 02 e — § 2
TSR L, 0.66 JIC T i 7 P S q,=6x10° W/m
N ar, aT
PGB L, 1.32 i SR 4o i a—y“ =
y=0 y=W
LU T FEAT L A RE T W, W, 0.89.0.23
aT,
WMEMR L, W, 1.32 T0 i o =l =0
z=0
T L e , , .
V=KL, W, 1.19 R R R 8 LT e B
VIZRBAMKL, S5 W,, 1.06 ) TCMES I ERR S
D= L, S W, 0.93 ‘ -~
FEREE O 0.54 0 itk
< DI ‘. Il T
AN HUHTE SE W, K L, 0.45.0.7 H o (AR A IETD)
L W, K L, 0.43.0.66 — WA JEJHHH
A K > (LA A D)
ASHLU B TE FE W 5 1 Ly 0.56.0.49 - a
b TR H, H 0.16.0.33

FEF% 22 (H <107 AE L J7 R 5k 22 <107 I, 5 3k 2k
S AR AT B, TR0 18 e AR e SR | Sl i A
IR AN (3)~(6) R .

LT
vV =0 (3)
SR
p(V-VV) ==Vp+V(psVV) (4)
MARREE TR
pic, V-VT =V (ksVT;) (5)
AR R /e
V(k:VT.)=0 (6)

P, WK  kg/m®s TN AR  Kse, N
TR TG RIS k) (kg K) s, R VA B ) %6 2
B, Passsk MR S RE, W (m-K); T,k [ A
& Ksp MR TESR , Pas

1.2.2 W R &%

TARE O ELE0. 46 ~ 1. 16 m/s Z[0] , R JE
T3 H T T T P P 1 S Sk i A R, LR
WEME 2R, B 3FR NS AR 5k
s

2 HREIIGE

2.1 BiREE
AN E VR Re & LR -
Re = puD, lu, (7)

VAR ONE
fEE
B3 itEER R B R &N
Fig.3 Computational model and boundary conditions
D, HF TR
D, =4V, /A, (8)
V.= WHL—NP(A,,HP+AQHQ) 9)
A =2(W + H)L + N, (S;+5S,) (10)
BEIEIRAL
Nu = aD, Ik, (11)
ApD
f= ﬁ (12)
JE e Ry v 20 TS0 S i IS R 22
Ap = po = Pou (13)

[, A SR R i A A% FA TR 2 DR H W 25
Garie AR (14) R, o> 1B ARERTE
% D) AR R B, U 0 G 2R 1 3 1 e 30 T A R
MER G 1L ATERE

Nu/Nu,
=) (14)
K BT YU, m/s; D, 38 EIK ) BHAR  m;
VR TRARIARTR m® s A, R 0 18 AR A, m? s W H
LA SR FE R 0 38 (1 58 5 A ms A, Hy, Ly 535908
— 105 —




4T E F2
2026 4F 4 A

Vol. 47, No. 2
April, 2026

JECEB A ZE ()R 48 1 A (m?) L (m) A (m) 5 Y,
R BREAE 5 A H, Lo 3 3 R 1 5B 2k ) 4 A
B(m?) B (m) S (m) 5 S, R SR 4R ) i £
m’; S, K R LU T AR, m®s o S R AL TR B,
W/ (m?* K ); popoun 0B ERA T34 F7, Pa;
Nug f, 70 BIFTR A NN SR B 5% 5 IR B PE R R 40
2.2 W& 37 PTG IE

AR SO ST 1) R0 T8 25 4 2 —Bh R 5 R A R 4
P, ANEE Ty B A W AE 7S TR ZE R IR AS o PRI, B 4
it FH Mesh 76 3t A4 Sal R [ 4 3ak 1) 2 Al 25 44 £k k4% | 7]
BF T 3t [ R A T B AT RS O A I L
0.272, 1 FYZ2HCN 20 2 K L 1.2, 00 i
EATT )L 2 s DTS S T T i S <
P4 Al 4 BT 7

bk

I A

4 It E &
Fig.4 Computational grid

R T S BRTTEORS B T T SR FH %) I A A A
SERA ST MBS UE , e N RN, LR NTHH S
) U T 4 A TR B TR A T R 0. 46 mis, (W)
6 Bt 54 T7~690 J7 HEAT A I A ST PESGIE o AN [ )
& B30k 1) R B AR AL AR 25 AR AR T 26 3 BT

3 RE SR S s s r E e 582
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