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Flow characteristics of gas-liquid two-phase refrigerant
and phase separation control
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Abstract: In dry evaporators, the main problem is how to improve heat transfer efficiency.
Among them, the mal-distribution of two-phase refrigerants caused by phase separation,
especially the phase separation coupled with non-uniform heat transfer, seriously affects
the heat transfer performance of the dry evaporator, resulting in a decrease of 30% ~ 50%
in the heat transfer capacity of the dry evaporator. Therefore, how to achieve uniform
distribution of two-phase refrigerants and restrain the phase separation caused by
non-uniform heat transfer becomes the key to improve the heat transfer performance of the
dry evaporator. Due to the inherent deficiency of the traditional distributor in the
distribution principle, the uniform distribution performance will be decreased or even the
uniform distribution capacity is lost when the operating conditions are changed. In order
to solve the above problems and ensure that the dry evaporator can achieve uniform
distribution under all working conditions, the distribution characteristics and phase
separation suppression mechanism of gas-liquid two-phase fluid must be studied. The
distribution process of the gas-liquid two-phase refrigerant in the multi-branch after
throttling is taken as the research object in this paper, the influence of flow state of
upstream fluid, non-uniform heat transfer of downstream branch and physical properties
of gas-liquid two-phase fluid on the phase separation phenomenon are comprehensively
considered. Based on the critical flow theory to suppress the phase separation caused by
non-uniform heat transfer, a theoretical model was established to suppress the phase
separation phenomenon in the whole process. With the combination of theoretical analysis
and experimental research, the main conclusions are as follows:

(1) Considering the effect of upstream flow state, distribution principle of gas-liquid
two-phase flow and downstream non-uniform heat transfer on the phase separation, and
the annular flow and mist flow are the most favorable flow patterns for uniform
distribution, the rectifying nozzle-type distributor based on the distribution principles of "
swirl setting & critical distribution™ and atomizing nozzle-type distributor based on the
distribution principles of " atomization setting & critical distribution” are proposed,
respectively. In addition, considering the irrationality of the traditional design idea of the
distributor, a new design concept of the distributor is put forward, that is, the throttle
pressure drop is shared by the distributor and the expansion valve. And according to this
concept, the rectifying nozzle-type distributor and atomization nozzle-type distributor are
designed and developed, and an integrated device for expansion valve and distributor with
throttling and distribution functions is designed and written.

(2) The theory analysis and structure design of the rectifying nozzle-type distributor
based on the distribution principle of "swirl setting & critical distribution™ is carried out,
and the rectifying mechanism and the critical flow mechanism of two-phase flow are



expounded. The flow pattern tuning is to adjust the up-flow non-uniform and
asymmetrical flow pattern to ideal annular flow by rectifying element, so as to overcome
the influence of up-flow flow state on the distribution characteristics. The critical
distribution is to make the two-phase flow reaches the local sound speed by means of the
sonic nozzle, overcome the influence of the non-uniform heat transfer of each branch of
the downflow on the distribution characteristics, and solve the bad factors such as the
inconsistent resistance of each flow path, the influence of the pressure wave oscillation
and other bad factors on the heat transfer performance of the dry evaporator. A theoretical
model for the uniformity of liquid distribution in annular flow caused by annular
disturbance is established to optimize the design of swirl blades. The theoretical model of
suppressing the phase separation phenomenon by using the critical flow theory is
established, and the sonic nozzle is optimized. The distribution model of the rectifying
nozzle-type distributor and the theoretical model of the phase separation phenomenon of
the whole process are established.

(3) Based on the results of theoretical analysis, the rectifying nozzle-type distributor
is designed and developed and tested on the test bench of performance of the fin-tube
evaporator. The distribution performance of rectifying nozzle-type distributor, nozzle type
distributor, gas-liquid separation distributor, CAL distributor and Venturi distributor at
different storage temperatures and their effects on the heat transfer performance of
fin-tube evaporator were studied experimentally. The results show that:

The non-uniformity of the rectifying nozzle-type distributor is the smallest. When the
operating condition is close to the design condition (evaporation temperature at -28 °C and
storage temperature at -18 °C), the rectifying nozzle-type distributor has the best
distribution effect and is much lower than other types of distributors, and the unevenness
is only 0.78%, the annular flow pattern of the gas-liquid two-phase refrigerant is more
uniform and stable after the swirl disturbance of the swirl vane and the flow pattern setting
of the rectifier, which makes the distribution effect of the rectifying nozzle-type distributor
the best.

The corresponding cooling capacity, heat transfer coefficient and comprehensive
performance of the fin-tube evaporator are the largest in the rectifying nozzle-type
distributor. When the storage temperature is in the range of-20 °C ~ 0 °C, compared with
nozzle type distributor, gas-liquid separation distributor, CAL distributor and Venturi
distributor, the corresponding cooling capacity of rectifying nozzle-type distributor
increases 3.0% ~ 3.2%, 9.2% ~ 10.9%, 16.3% ~ 22.1% and 22.7% ~ 25.4% respectively,
the corresponding heat transfer coefficients increased by 0.7% ~ 3.2%, 0.9% ~ 2.7%, 10.1%
~ 17.5% and 13.2% ~ 22.3%, respectively. The rectifying nozzle-type distributor can

v



fundamentally overcome the influence of mal-distribution of refrigerate caused by phase
separation and phase separation caused by non-uniform heat transfer on the heat transfer
performance of the fin-tube evaporator, and greatly reduce the production cost of the
refrigeration system. It can be widely used in fin-tube evaporators and similar dry
evaporators.

The research results of this project will help to clarify the mechanism of gas-liquid
two-phase refrigerant phase separation suppression under non-uniform heat transfer
conditions, enrich and perfect the theory of multi-phase separation, and provide basic
support for the application field of two-phase flow diversion.

Key Words: Dry evaporator; Critical nozzle; Phase separation; Distributor; Heat transfer
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Fig.1-11 Schematic diagram of experiment rig for distribution performance
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Fig.1-14 Principle diagram of refrigeration system of test unit
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Fig.1-15 Schematic of venturi distributor and cold model experimental apparatus
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Fig.1-17 Schematic diagram of the structure of the divider head
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Fig.1-18 Schematic diagram of distributor
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Fig.1-19 Schematic diagram of experiment rig for distribution performance
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Fig.1-20 Schematic diagram of pressure drop distributor
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Fig.1-21 Schematic diagram of experiment rig Fig.1-22 Schematic diagram of experiment rig

for distribution performance for distribution performance

FR, FPRESE D010 Tl T R A A TR SRS & (R 1-22 i), 4y
T I 2 A s 25 S B AN — BRI 0T A 1 v 77 VR 5 AN 50 50 02 51 S 28 R A% 8 Sk
BERAI SIS B G A . JF et I 5 20 U s 1 e B et 2% R A% AT DA
SR A — B 1 R, TSR AR A TR A AN A TR E U AR N

22



EANRG M. L, ARERPIER S, AR S0 A o s i B Al b4
— R ERE A R R Ay, IFREAT T AR R MERE A SR AR B L. A% ST e e T
gy Uit e A SCEE ) T B Y i an B 1-20 Fro, SSRGS R i as A b, ok
IEFERL MG LA R it (1D BB S ERE SNSRI AR I SR &
(2) B R R Tas HHE VE AR LUAE SR I B R 3 I s O S o AR BRI SEit 22
bR AE R ZE R BE SR B SC IR Jd, I USR] ek A e B 2R 0 DAL 85 (1 20 T e
PESE R, D URAS 23 M LM O RS i as PERER EEI R, A H KA
JUFEA T .

TR, PR AR S5 2 NI S R 0 R 28 10 A AR VAT SE B0 7T, 40T
TR WML BOHRMR BRR SR ZE Z AR R SEIRE A AR
WY s A0 it b F) 22 e GRS 5 i/ P AT B Ry 0 AR (9 70 VR RE o 0 A% 45 M 1R 24
BETT TR N2 A A A R P AR B A A2 N S AL o

: &Power meter(X4) i 3 " 1>H:qﬁm‘
| I} 1T% 2B
A LW-I 35t
4-;@};@25
X ' r 9 A
e LW 7oK EIE
8-fit e
, 9-4t i
I:g PPPPP w (? 104
11-FR i
12-— 5 HUMAES
o 7 13- kg
...... R ———] 145t
15-Z8 R %
{Eg 16- ELUL LR B XU
. frigerant Supply to Refrigerant Supply Source 17'41”\-1{4‘:*%%”}’
pr :‘:'ey,)rlawra anc
K 1-23 JriintEAe i & R R K Kl 1-24 7riniPERE e & JEL R K
Fig.1-23 Schematic diagram of experiment Fig.1-24 Schematic diagram of experiment rig for
rig for distribution performance distribution performance

Shun Yoshioka % AU — bk fa7 5 (R 00 i, TS W 4% S B 1) R B

fedihr, WGBS BRSO O H i T AR R . Fdskie s (i 1-23

23



7D PR AR AR HAT IR, R R R AR AT A Ak, @
ERAC T IAR I ZH, AL RPERES 2IFE T, R R AT AL T-Be, X SERR A
MR HEAT LGS, R DUAE 7 Ui R F A 2 [T AR TR A UTAR s BRI KT
ok, AL, AT RAR S .

s AT Ot % L1258 T e 0 O 2 P B (KRR 52560 5 —RA10A FR4e Al vA R 5%
(hnlel 1-24 P>, i8It CFD AELMSEIR B S 4 & 150 i 7N DR sk
SSH UM SRR 2 3 A B S T e s it e« 8900 s s A Y X0 it 2 20
TAERERIFENE, BT TR ILAE B R  T S LE TR e i as B IR/, o RRCR I B
L REE N AR R R . AN TR B 22 RS Rl BAIRAWE S E . B
Ut SR BREN R o i as 34T SR A S R b, LS Ec
AN, R, NOEERMBMEMARES. 85RRY]: BUREHR A
1A AR > fa M v e >3 8 ELAR

Chi Zhang % \Ph@d SEAGRF FEA R Lo B LR ARSI R 3. N D Sl L 2%
7 T AR A0 B R T 7 T as s, R T — kT RATOA =2 25 Il & il 7%
FIFE AN TR SL R B WO IUAE s < BT BN SRR AR D,
227 A1 R R AR K o

1-JE4iHL
4 3 1 - LR
2 3k
4- KA AN
5-F ik i
6-7- VL
7-HT A
\VAVAVAVAVAVAVAVAVAY, (VAVAVAVA 8-J5 HL AR
g S oo & [ SR
VAVAVAVAVAVAVAVAVAY

MAN
10- 7 R A5 R

\VAVAVAVAVAVAVAVAVAY, MAAN

7 8
Kl 1-25 itk Reskis & I B K K 1-26 XU AL o3 o T B
Fig.1-25 Schematic diagram of experiment rig for Fig.1-26 Schematic diagram of double-barrel
distribution performance distributor

24



Chi Zhang 25 AR BRI T AE, SR T —Fhin &l 1-25 B XL fE 2L 5y
Hids, XA ULEIRN 1R B R . FEEE A 1-26 TR I g
PEREMIRSER &, SR L30T BT CFD BUE A 45 & 1) T Boib Al 20 Tk RE T 2
WA 2 m a7 N, AOLEAE S H XA s PERE e 4 . @ 7
EWEFOF T I EAS, TSR, JRMEARR, R, HEREMTEESH
I RBUE, Rt B R i a5 0 1 HcHE . R2min v B A e R B e MK ON -
JoF Bt > JER T AR e 5> T 5 > T AR e 2> el A LA >3 () TOU AR LA o DAL R XL
7 2 e F A 3 22 1 T 0 A0 JE S A LA DA B B KR PSR T AR v 5

Jun-Hyeung Kim %5 A\ B4 82150 5 23 8 R )& AR R K 20T 28 S B AR
B I UL e 78 R s AN Y 2010 3 BN 28R 3 25 SCRE BLIUAN S5 RALOA VR R GE T fE
IS REAT SEIRRIE 7E, R0 SR SR X R GPEREIZR M. WE TS KRR 7)
WE BRI KT i E & K, mH = FHE 28U ER R, Tk
BB RS SR AR . DA S BRRAYI ) 2 5E R E R, &S0 R
S U&= N P T S W N I <R = il == == Rl N C PN
i AT P BeAG, iy EL A 4 B B K T B

LESRR
2-/K3E
3-JiE s i

4-3K 7
5S-SR T
6- R AT
T-IRE

8- 7 ey

9-% /i
10-Si B4

Pay=d PEY=4
A AT

10

i
K 1-27 7y iias PERE IG5 2 ]

Fig.1-27 Principle diagram of performance test for distributor

0

25



TR R AR 839Utk /N AR A U A0 B B A R AN S MR AT T IR AT
BTt IR AN ] 1-27 B BOR H 2 SUKAEL A 70 0 o s v Re I SE e 6 . 230
TEAIE LI AN 4ERERTH #E 2R APF (Annular Performance factor) #g#x I, it sk
L VINL L PR SN SRR ] T I W NI 5 5 W 1 7 L 11574
R R0 S A3 R RE AR o RIS CFD BRAUOGHX = ol 23 s B R 43I o 45

S HEATIAL, 2R X e R A AT S0 . NP AR I I AR, E

W

SR AR B R = AN S, R weisman ARk BIBF AR AL, HA
F ARG ARFEE, SEEBGEE, THRBEER, Xz R a2 500
BTS2 W o

valve

— & A
liquit
pot Volume
flowmeter
cooler
e
\Water
pumb tank
distributor
valve vt v U
Electric
heater
(a) i oride a2 (b) sE5a & JF R A

K 1-28 B o as A & 1 i 2

Fig.1-28 Schematic diagram of novel distributor and experiment rig

PRI, T R AR 5 ) — o AN [ 4 71088 P 1O R RS AR A B R, R
I CFD BT 78 #1747 R22. R410A. R32 Il R290 1EAN [ %345 £ FE R E 43 i s F ()
TR AR (A . GRS B R )74 R (R32. R410A), {LdE
BHRZKMT, AL VA I BRI T o X T BE /N 1 74 77 (R22.
R290), [BIHEZ /M 38 A O BCR B i o JE TR AT AN S T A R e A AR TR A, 2

26



T AESRPR AT I T DU 174 750 0 23 i s A5 A BRI BT T R, RS
BERTH 7 HEREREAT T LU BN RAIE . FUBLAS R B, Bt B s S5 4 W LA S e
gy e 7> etk

AL R HE S PEas A o i as AR HL BT kel Ly g
Gy~ BAAREEIL A, IR 2 N TR RS T, (HR SRR s AR RUR K,
B A A TR R EARAT 2 o IR R 5 R AR B, BRI
MRS 70l 5 2 A B PN S TR Y, 3 B0 06 O AR A A
KEFREGIA, AT 53 T3 P9 A3 T, 3B RS T IR AR, A
WA — AT AR IEE . HEARE, BEE )77 m) _EXprh 2 3
PIANIETE AN, XL i e DOE & TR T 70 BB . X T AR 23 B

an>
[alny

PR, SIS R4y i Bk, Guoming Wu, Tao Ren #11 Guoliang Ding
S NCUR figt e 8 22 S 5 4388 o 8104 70 3 TS 340 5 [ e L, 2 BRIR I x4 50 43
TEARIRRA, $RE T — M5 R HE R et &l 1-28a fis . f2 il
TR B, SR TR DV U R I IE S BRI %, BL T
ek NVE AT HVE T8 R E R A L S 0 BC A IR 5 i . R E IR R AR
WA, SO IR A SRIG G R it A IR AL, IFI A iR i 20
S ECTERE, WIS G R E ] 1-28b s, SEERAE KRN, MRkt T,
T H B 70 AL 7 O PR Re LA AR G i) o as A AR R 3, I HBEAE T 1
N, XAPARF IR o TR AR R AR AE KT A B 22 T R AT AN S 23 )
b e FH O HETE 20 4311 19.89%6 /1 60.9%5

Zhe Zhang®* T Anjun Jiao B Y 1 —i£E 43 4% s ELANRLAA IS A it EE
=, SEIGHIETT i A S R 2 B O A AR R B AT IS, A5 RIE A R 2R
WS TENRED MSHME R R AR KR LI IR didxs 7
T G ZH A VT PT DL S5 50 6 i i RO U B 2 O R 1

27



Azridjalaziz 25 NPV FH /K A2 AR A PAITE IO S2 30 TARTRAR,  SSRm 5800 T 2%
U 0 53 it s o P AR AU B A A AT ORISR . S5 3R I, A2 SR R R R T
TSN 2 AT SEIAY S 0 A

Paulo J. Gomes % NP9V i CFD B4 57k, B 7 —Fhin &l 1-29 Ao Al o)
Hidso srlfias H— 2SR AL, Her A — MRS R ) 7 A ) 5o [ E A BT A1 o
gy as R E SO BIHE I AR 2 5 AR A B . VRS R0 S L) A AN AN il
VERENL, JFEAT SO I G, R FCAs RARH: TP R 73 i 1) foe KU & O 22 1 PG

T 3%.
K 1-29 B i g = A 1-30 Hri et =K
Fig.1-29 Schematic diagram of novel Fig.1-30 Schematic diagram of novel

distributor distributor

M. EKREM CAKMAK 25 NP it 7 — R oy ds, BIfble, fLARRI Bl 4
i, Wil 1-30 PR . ik CFD Bl 5 70 il ds A il ¥ AR SR 1, AR E A1
R R AR BN IIE R H . TR AR N I B B, ERREREMSE D), RS
MSEISRAT ) BAE AT LU, 2l 1 i ds A B PIARVCIRAS B, RS 1 TR AE
gyt AR R

F 2 VS BRI A P 2R R AR T RIA R RIS S R, TRAR I, &
i B P AR R TR S I ST RR I, 2R RS L 245 Ml i sh FHL ) 72 5+
AR 78 I e 8 1 e B 22 e R o S B R A A i sl BEL ) AR v SR AN ]

28



HERE R L AR AR IABOR T, H1E ARG

b, Pk NV R I T A 2 BT R SR K AR AR T X A 7 43
FC AN 5] FEREAT BAL 0 AT 07 T AR SR AT T/ o DRI, AR SRR AR B kgt 4T 4
(EAREAI, XS AN[R] 3 it & 8 B A P AR 1 v 57 3 BC P ST RIS AT W 9 . Tt
FEAE R P TR 73 s S8 B AR 11 1A B o BC AT TR

P ASTOURE T 4 T A e A R R BV R (R REIR o X I 28 40U Mk A e
T 3 FOTS, 73 G InA A RORS: (B o O RO RS, Al RO S AL
BORTE S 482k LU NG o FE7E AHRI 340/360 (1-P) -2005 A (147 & il ¥4 T35
AR bR B Ty SR Ja B o AR AT YERET L. SINZR AR TR R,
ZR oy BEANIY S FEANE IR AR UHE T5 ZE A N i as IR - R PEREVE A Fa b o 45 SRR,
ST A VR [ % 73 G R JBE T SR ATk 5 4 1 RO IS AL AR 58 7T DA Rk
B AR AR e 511, IF R IRTI LA ERE . T HE AN A £E s LA 3y
IR BCERCR, (H CafE el a P52 7N .

(a) TFrS) (b) TPERFY)
1-31 HE s s =
Fig.1-31 Schematic diagram of cone-type distributor

AL NP2 A Fluent B3 8 200 I a5 M A REAT BUE LA, B X L B

29



Y

Eoriiias M FLE D5 18 RS i as 2 « TR AR AAR 73 A 251 )P AN
BRI Wi =y i as B 7 Ok PE e G5 SRR Al A TR AR AR 20 e s 1) 0 BE 12 e 2
HikwE, B A S S .

Mariana Garcia % ANV At B A IUN A T /i 8 T A e, R g
LT A] 3 SR A S PR AR IR (2 - ) S ) A o0 A i, X A D S Y
WA 73 AT S HEAT 70 Hr . A r it ds CUnl&l 1-31 Bros) SR AN I BUE DT %,
BAERMT. ZHDRARAAR(VOF) L. 2T VOF AL 57K it 5 4 Kt )
B RETE T T AR T 4R s TR AR I R AR

R. F. Stoisits 25 A" Ay 22 M 43078 10— S ) R AH 439 o A0 B RAETE
EIEPRISCAL: BT 2R EABORNEI R, AR A 2 B TR B A B
H /MR IISCE T, TR BRI 2 A R R 2 SCE . B R
WOAHTE BEAS R AN A AN 51 72 S B2 MHUAR 0 B W R R, PRI, ARE 3R T«
RE Janin” s B,

SEARIE , SRR 27 O 10O e B I A4 3 TG 45 ) ot AR A L 3 PR A £
Wi, fEHAEGN “SelRE, RIS JTRAFAEREE, fEXCEAA D B AR )RR
Pho BT AR ER S B, 2T e, JRIRE” KT,
P ITE A By IS B 70 o BE R o N ZOR TR AR 454 T ) 2 A
PR e, Hum AR IR 2 PR E] 3 K

Hrnjak, Pega SMO™Hst i 7 78 4 HAe B v 24 1) S0 B AR I8 4% 1 1 20T 28 31 2
B RGN PAH - A B SR B AT LOR S5 Rl —fg “SBiRE. 5
PR FIAh R iSRRG, IX PR 2 B T BON T B A2 i
ERA R, (B2EEHGE T 30 I, HRFIRED SRR R, HMELSKHS)
SrEC, A2 T R as I VERE .

SRIAZR, XIFHRI AR 1OLR A e irift. AL MR oy B i, SR T

30



R R AR S T BC IR 5 R — o0 AR SV, FARAE 70 AR > BCVERIE AR 1 20 AR S
grimas, B 1-32 fron. (EE B TAAE SR LN R iiee ST, /-
IKSESS: T A i s 2 F vk RE M G ilEe &, Al 1-33 Pron. @il e M it
TN ORISR, WU ias X R AR S B RE 7. 45 RER W
FENDRBFIRR  BERDIER SR BEERAE PRI TEOL R,
AR AR 28 RELE 73 BC T A A5 BB 0 B, DRAIE£E AR B AR ARPIRAS TR B 4T
Fii, B BRI AP TR 25N T 1,690, [RIB R BIL, A 5 A B R
B W A A D B, FAN SR o A S AR IR IR H AR . AR EERERE
JRR BORD RRABIER AR, A B0 35 N D8 IR oK 5 i 22

NFHA%, EXBRTNTH5%.

WA
(a) L (b) 7 IEALI
Kl 1-32 73 AHF i g s
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Fig.1-33 Principle diagram of performance test for distributor
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Fig.1-37 Schematic diagram of geometric model structure of distributor
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Fig.1-38 Schematic diagram of different inlet modes for single-layer channel of heat exchanger
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Fig.1-39 Schematic diagram of performance test bench of whole machine
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Fig.1-40 Schematic diagram of performance test bench of whole machine

Azridjal AP T2 SORKAE RBG A L, X WA B MR A EAT AT AL 9T, A
MoyFas R A R, R T % ER AN A £ Mandhane-Baker Ji 2 &I A ]
TR ) Sekoguchi i EIHEATIRAE . HEFCRI: [0 AIE E A, 1Y
KRS, et it ae LT

TF MRS R AR R AR SR, 28— 3 T 0 bk S (0 A AR O
METTE, W TR RSN s iid:, K 1-41 ME 1-42 s g
1-43 Pron ke &, £ 2K PR TE S IIAIA H rh dE AT S8 . RS0 i a] K 2E it
B Rs, 2REBAR, BURRSIAA I REh. Llai L, Lk
W], ZERAETIRE BRI E AR E, HiRENEIRZENTH5% . HEITEER
PR AR, IR AT EEVEE BB R A 0 S AN
REBUIUE, MARRIAE, mRAZRE . TR R E s KR iR,

37



A BB T B (BRA TR 7S4S (1 0 B A% DA U SR R SR AR 3 0,
AECMIE, HHEZIEsh s, AR LRI NAR 5 5 R AR R RS SR, ik

Branch fluid channel

JGas liquid mixture inlet

Cover Rotation wheel

ranch fluid receiving room
/3 Branch
‘ L“« 7 ﬂ}‘} 7 "_4‘_» Gas-liquid mixture inlet
]
i i
Sheel

Main flow channel

af
\Q i /
Main fluid receiving room

/ Main flow loop
+ Branch fluid receiving room

(a) EHLA (b) KL
K 1-41 Fet i as a2
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Fig.1-42 Schematic diagram of drum distributor
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Fig.1-49 Classification of flow patterns of vertical two-phase flow
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Fig.1-50 Two-phase flow pattern divided by the continuity of the medium
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Fig.4-6 Phase-change coolant distributor
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Fig.4-7 Schematic diagram of cooling-carrying system for phase-change coolant distributor
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Fig.4-8 Schematic diagram of heat sink cooling
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Fig.4-9 Novel high efficiency dry evaporator
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