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Abstract: To address the issues of low energy efficiency of multi-flow evaporator caused by non-
uniform distribution of vapor-liquid two-phase flow in refrigeration system, and unreasonable
design of distributor structure, the vapor-liquid two-phase flow model of refrigerant in distributor
is established based on hexahedral grid and Euler-Euler model. The flow characteristics of
refrigerant in distributor is analyzed in detail, and the effects of parameters such as cavity height,
cavity diameter and insertion depth of branch on the non-uniformity of distribution under different
conditions are explored. Furthermore, sensitivity analysis and parametric optimization are
conducted using Taguchi method, and the contribution ratios and optimal parameter combination
are obtained. The simulation results indicate that as the height and diameter of the cavity

increase, the mixing effect of vapor and liquid is improved, and the non-uniformity gradually
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decreases. As the insertion depth increases, the non-uniformity first decreases and then

increases, with an optimal insertion depth of 5 mm. With the mass flow rate increases, the

contribution ratios of cavity height and insertion depth gradually increase, while the contribution

ratio of cavity diameter gradually decreases, indicating that the dependence of distribution

uniformity on cavity diameter decreases. Compared with the base case, the non-uniformity of the

optimal parameter combination decreases by 6. 6% to 19. 3%. This research provides a theoretical

foundation and data support for inhibiting the phase separation of vapor-liquid two-phase flow and

design of distributor structure.

Keywords: distributor; vapor-liquid two-phase flow; non-uniformity; sensitivity analysis; parametric

optimization
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Fig. 1 Geometric diagram of distributor
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Table 1 Geometric parameters of the mixing cavity
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different mass flow rates
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Table 4 Parameters and levels k
1
S =—10lg(— Yf- 23
it K F H/mm D/mm L/mm g< k ,El ) (23)
1 20 25 0 A S Fox BHbREU/NELE B REFR Y S NEE
2 25 30 5 READL b AR AR 1 SR B H e (RDAS A ST i ) sk B4
3 30 39 10 DU 7 o A R, BOCA 1 B AR e S L AR B S
4 35 10 o SRR .
EAS R R Dk B AL 4l 31 BT

K A [ R AN [R) K 58— 2 il LAAS 280 s 2
I K, APPSR 3 AR KR B R R
A AR RS Gy T IE S BT SR N B4 R
WA, AL 16 PRALGTr . IESCIAR BT P A
IR B A U R PR — 2, DR b o T A AT L B
3 A TR ER Y R e B R P 1 R A R AR K
S RIDEERERIIDSE &2 S5 21/ N8 SH SR P = S LR

20 308 e S5 6 A AL 0 s s A I 3
DHET X BE A A O (R E S LABE S it
Rtk IS BI04 B . lE A 2 RS AL B
35X RIVEOR M CBR RO AL/ Nl (BN L 4353
T B BER AL AT BE/NR &L . X T Bl e
AIIEAL AR B L AU B 9 AT BN A ik R T B /N AR

B Hr b e B RARERAZ KT i e
{01 SPY GIVANE SV VP X (=R 5 NS I R0 DIV N o L A b
ARV, ] FEE(EME L S, R . flIndEsR 5
JEAAR R K 1R F2 800w dE kT % 1.2.3.4
S R NS E(E R 3R AT . H DL A R A 5Tk
AR HX BARMEA T 2] B RS WA, E AR

C, =
Smx: — Shi

(Swen — Sty + (Sixp — Sidp) + (Shdy — Siitr)

i=H.D,L (24)
s SISy Shp JSmnp JSh WS 43 h
H DL %Rk T Y E 8RS 19 55 KA F i
/IME

k5 EIGRIRET Ly (4°)
Table 5 The orthogonal array of L (4°)
NS EE) Y
E S H/mm  D/mm L/mm
my=51kg+h' my=75kg+h' m=100kg+h ' my=125kg+h"'
1 1 1 1 16.63 30.79 42. 29 49. 30
2 1 2 2 14.01 25.51 34. 44 39. 94
3 1 3 3 14.42 26.01 34.93 40. 53
4 1 4 4 13.03 22.12 29. 37 34.05
5 2 1 2 14. 14 20. 44 29. 26 36.03
6 2 2 1 11. 56 24.43 35.35 43.05
7 2 3 4 12. 54 23.89 33.61 40. 20
8 2 4 3 10. 25 21.08 30. 69 37.55
9 3 1 3 13.04 18. 10 22.98 27.63
10 3 2 4 11.45 18. 97 25.67 31.09
11 3 3 1 7.71 18.58 29. 44 36. 69
12 3 4 2 5.16 12.62 21. 84 30. 00
13 4 1 4 12.23 18.22 18. 14 24. 34
14 4 2 3 11.05 19. 34 22.76 27.58
15 4 3 2 6.13 12. 37 16. 74 23.51
16 4 4 1 5. 60 13. 88 23.49 31.25
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Fig. 14 Main-effect plots at different mass flow rates
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Fig. 15 Contribution ratio of different parameters
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3.2 HESW

Wt 2 M CANOVA) , /] LIS 5] 3 Fl 25 4
SR AN 1 5 B (A RE R 52 e, S I A 45 R4 TR 6
~F 9, Hrf d, . Ss V. F 5510 A i BE 5 A
ZMGETHE K F BWEEASWHEEKR R
i FitR otk R, 45 RRU W7 A &k
Y 55 W 43 B A5 8 B 0 AR [ L i — 2B Ak T
EW A B AR B 2508

%6 me=5lkg h 'FEHHLER

Table 6 Results of ANOVA (m,=51kg+h ')
S8 Ss d \% F C/'%
H 85.31 3 28. 44 113.70 49. 81
D 67.18 3 22.39 89. 54 39.22
L 18. 80 3 6.27 25.05 10. 97
WET 1,50 6 0.25
%7 my=75kgh 'FEZpH4ER
Table 7 Results of ANOVA (m,=75kg+h ")
ey Ss d; \% F C/%
H 270. 90 3 90. 30 36. 83 73.84
D 55. 46 3 18. 49 7.54 15.12
L 40. 49 3 13. 50 5.50 11. 04
WEI 14,71 6 2. 45

%8 my=100kg+ h 'FEZ 5L R
Table 8 Results of ANOVA (Gn,=100kg *« h ')

ZH Ss d; \% F C/%
H 556. 35 3 185.45  29.73  80.11
D 21.98 3 7.33 1.17 3.17
L 116. 11 3 38.70 6.21 16.72
W 37.42 6 6.24

%9 my=125kg h 'FEZ WL R
Table 9 Results of ANOVA (m,=125kg+h ')

ZH Ss d; \% F C/%

H 540. 08 3 180.03  21.10  75.27

D 12.22 3 4.07 0.48 1.70

L 165. 25 3 55.08 6.46 23.03
WED 51.20 6 8.53

3.3 #FEWIKEIE

TE LW A3 A 80 0 o R R A B T N34 2] J&
A B K2 SR T AR B R, X — R
A4 S22 802 18] B AR E AR SO IF A B3, it
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ARSCHE— TP T 47 50 UV Al AH B AR 52
Ml 3R A B R o AR R B A A T 0 2 B A
M LY 5 38 o o A5 R A £ MR b AT bR, i 2R 2
SE 2 dB LA A O AH BLAE F s ma R .
T RO T A5 e LG S, AT R R R
Spe =S+ (S —9+(S), =S +(S.— )
(25)
Aofre SR 16 Bl B0 {5 M L Y B3 E Sy
SpS. IS H DL Ak KX R 1
f5Me 1 B H, .D, FIL,,

B F 2 25) M A A B L2531 R ) B
T T S, [0 25 5 an g 10 frR, 2 S X
SRS B A AE M, BT LAE O [ 5
St T S B 0 R T 45 SR Y 25 (E 1/ F 2 dB,

%10 AbA MK IELE R

Table 10 Results of additional confirmation tests

mo/(kg+ h™ ) Spre Seim | Spre — Saim |
51 —14. 24 —12.73 1.51
75 —21.16 —19.76 1. 40
100 —24.73 —22.77 1.96
125 —27.71 —25. 86 1. 85

3.4 RERAESRIE

Wi 3. 1 Woatrdi R, SR Eds N
H,D,L,. AT PRIERTSEVE, S B AR D5 b ) B v 52
B 5 001045 0 1 B L 4L & HEAT AT L. S5 o 52 1) KO
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BT RRISEAL A T 3 B8 R Y 5] B Bl R 3
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Fig. 16 Comparison of optimal combination and base case
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