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Abstract A liquid-separation condenser consists of a vapor-liquid separation unit and heat-exchange tubes, which are strongly
coupled. The separation performance governs the heat transfer and flow behavior in the tubes, while the pressure drop across the tubes
serves as the primary driving force for separation. However, existing studies have yet to account for this coupling. This study proposes a
co-simulation model that couples a three-dimensional computational fluid dynamics (CFD) model of the header-orifice separation unit
with a one-dimensional model of heat-transfer tubes by accounting for the mutual influence between the separation effect and tube-side
pressure drop. The local and overall performances of the liquid-separation microchannel condenser (LMC) is obtained. A comparison
with a conventional microchannel condenser (CMC) is conducted to reveal the mechanism of the effects of vapor-liquid separation on heat
transfer performance. The results show that the predictions of the co-simulation model are in agreement with the experimental data.
Although the vapor-liquid separation efficiency of the LMC is only 36. 2%, the overall performance of the LMC is improved by 16. 6%
compared with that of the CMC. Moreover, the decreased heat-transfer coefficient in the third tube pass of the LMC leads to a 276.2 W
reduction in the heat transfer rate, whereas the pressure drop reduction of the LMC occurs mainly in the second and third tube passes. To
fully realize the benefits of liquid-separation condensation, the orifice-baffle structure and the tube pass arrangement must be
simultaneously optimized.
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Fig.2 Mesh for header-orifice separator unit
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Fig.3 Grid independence verification

1.3 K&EHERE
LMC BRG 15 . i 4 A B T R AR —/INFL o3 25
FATTRIH 2 FR A . 3 MATLAB 315346 34
ERIYLY K Ap A, 43 B3 BT B HGE i CFD Fii il
Iy B HITH B PERE . WE 4 PR BRI O
(Mg > X1 s o )V VER P BSHTT A, 23 BS BTN 1 32
R 3 _



il

e

i

=_d

B TS =R RRR I (Ap,+Ap) BRI . 55— 7T,
SYEERITIY O SO AR A B & Gn, ,,
X 2o Pinn) » 5 MRS, HETIT U SE Ap, F Apyo 55 H& Ap
My BRSO R il 1d 2 13 UDF, B 3 P A
SRR A A R I R 1 25 B A 0 25 A B 0 TR B A
WAL SEBEH E  asARTT DA TiT S5E BRI A 1)
AR R B il 43 S T PN TR P A TR ) ) A
Rt AT SR R S R

LMC WA O B AR i 5 s . B 26l
i P AT AL R T BN TR] iy, B, R BV Y K
Ap Flx S S50, U U I, %% 8 UDF 3 A CFD £
Rt i o 1 B A B A TR TR &
SRR OB iy %oy s P ) VE 2 B PR
JCAEH A T 450, TR, 43 B PROTA e 1) et 48 1 1
FEFER 0 Pa, 43 W BB AR AL 1) H 1R ) 25 A3 i UDF
S8 A Ak I 43 AR R R 1 VB B T R T AR
FERIA IS (i, 0%, 005 0) IEET A D SEOR L

MATLABYftpAE 57

PR FLASHY e A LAY
—
[=—|
[E— 7
—— I e R
[E—
[E—]
[E—]
e N S
= L T
—1 ] o
= BRI
E=—=_| UDF |-l--- [Ap(Ap,+Ap) oo
[—
[— R ‘_’| rhut} Pows Xours |_’
s [
==
I
— HohiE ‘_{ My 4o Ping> Xina |'_'
|

El 4 BERE

Fig.4 Coupling principle

A A S A TR A TRRE (Ap, 1 Apy) , A 25 7>
Wbt 1 5l A SRR B R, it
TR IR IVERE , SE U AR IO PERE TS

CFDIRAITE

e e o i

S N S A A NI R S R RS |

M : | I | !

| e e To | Arit || mm D e ||

! : e | | A0 Pabd K L SIp, ||

| mout,l‘ pou(,l‘ Tout,l‘ xout,l : } |

i : }: ___________ Ii

: I T 5O 1721 S B 1

| e I R R %, i

| | Al UDF_] IS

| N Errre———.

|| MBS, xR || SR | e e il L
At E AR ; | Il out2™ Yout2™ Mhn3> Hin3> |

i ERAp Sx . TR i “ Ap(Ap+Ap) iiifc

; ] | p— 7 A ke

| IERSTRA 0% 3 Hithir, . F |

I | !

B 5 KA EREAITHERRE

Fig.5 Co-simulation model computational procedure
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