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Development of Compact Liquid Gas Separator
Using Surface Tension

Ryuhei AZUMA, Naoki SHIKAZONO™ and Hiroshi IWATA

“ Department of Mechanical Engineering, The University of Tokyo,
Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8656, Japan

In the present study, a compact gas-liquid separator using micro grooves is proposed and its

performance is evaluated by air-water experiment.

The gas bubbles are forced out from the liquid

flow at the expanding section by the minimization effect of excess gas-liquid interface free energy,

while the liquid phase remain confined inside the micro grooves.

Two major limits of gas-liquid

separation, i.e., (1) flooding limit at high liquid flow rate, and (2) entrainment limit at high gas flow
rate are found and investigated by flow visualization. Finally, dimensionless correlations for

predicting gas-liquid separation limits are proposed.

Furthermore, guidelines to design a

high-performance and compact gas-liquid separator are discussed.
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Fig.1 Schematic of the Gas-Liquid Separator
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Fig. 3 Groove cross section
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Table 1  Specification of the test section

Cross section . . .

shape Triangle | Triangle | Trapezoid

Groove pitch b (mm) 13 20 13

Groove hydraulic

diameter D, (mm) 0.83 124 128

Groove cross

section area A, (mm?d) | 099 224 1.74

Crest diameter D; (mm) 6.4 9.5 6.4

Base diameter D, (mm) 94 141 94

Contracted section

length L, (mm) 42 62 63

Expanded section

length L, (mm) 15, 29 44 29

Gas outlet pipe

thickness t (mm) 09 13 09
22 EREE 2 | ZFEBRAHE O AT

RS L7k & R ARG CIREH%, ANET
BRI A E L, SRE T HICRE LT A MY v a
ATEANT D, &, WA TRV A
AP Lo, B R CERENOH O O#RAR
iR, WA ORISR e AT a— A —H |
Lo TRALIZZHMEZRE L, KR BRI 25T
L7z, Ze5%0fislE 7~T72 lmin, /Kifi&iE 30~460
ml/min, FERER7— D 0~12 kPaG D#iH CHER %
17,

RIRTBERR T NE L TR D2 5 3 FlfEA
7=. X3 \IEROWmERE, R1LICTA M v a
v OHERAETRT. A (EIEM 457 ) 12OV T
TEIE b= 1.3 mm, 2 mm, BFEITEIE b=13mm & L,
TEARE L OSHED SR T BRI E 5B A 5
U7o. JEREE & L, T8 b=13mm O =AJFEIC
SONTIHL=23D,46D; & L, idL.=46D; & L7=.

AT & PENE R OAA A RO,
BUKWFRE LT — L 5235 (HAS—H T4
7) E&AIL, 170°C, 20 /fHEER L7=. [ U4
THUKMALER U 78Rk 2K (100mlfs) (il L CHfih
ORI ZRE Uiz & 2 A, 2 WERLE CREfilf
M 15~20° DRI CEE L=, KT A kI a v
bR, 2 FEHLL EROKICE L7 b 0% VLT
FERAEAT ST

23 F—ABEE K1tk ARl
NS ERIEE Wy, HLE By O FRRASRA L, AR
HUO 2 38 K OVRABMIH 0 3 205, ZAVEIVE Bt Wy,
Wy, FLXEy, i OIRETIHRHT200ET 5. X 4
(RIS BER OB 27~ 3. BRI A N S
VT3 2 IRFMAI 0 OB R R wolwy, il A Az

xln
1
Point D Line C
Eq. (3)
Line A /,’
Eq. (1) / Point B
L \‘ v Eq. (2) Wowi=l—p1
C O
0 | | 1 Wil
(100-R)% | R% |

Fig. 4 Gas-liquid separation line

TR HIABAIE D 3 ORLEXED sl TH
L. AL, X4 of A TRENDIEFRIHO 3
M OIRFED BT T 2 5k 2R, Q)% #KiA
B D 3 D BIRFA D A, KA 2 25K AHD A
T R (X4 0 B) &7, K(3)
1%, M 4 O C TORINDEMAIE A 2 B KD
BN T 25ETHY, KO)~Q) &z HER-iE
TEREEAR L BT S, T, WM D
BEwiw, & 0005 1 F TSR, Z0%e
BRI D Z LA, SERNBEORNETH D, L
EO LI, SERBEMARIIA DXy OB L
5.
Zs/llzo
13/11 =0

(0 <wy/wy <1-z) 1)
(ws /wy =1-7,) 2

X 1w 1 w.
mala) i) o
RIETBERR ORI DO 7= 0121E,  Z D52k &
OFNEERIETD2MENDD. TN ER SN
TROERIHZBNTIE, X4 FORHRD X 9 725k
fifR & 720, WA O 3 2sBIERFHOAZ M S5
RROWREENE, AN IFE SN 2iEr Y b
Dip e s, OFY, KA4AHFOHD TRINHIEFEH
HIE 3 AN & 72 2 B ROWABBIH D3R (Walwi)o
N, TEEEES B Walwi=1-71) L0 b/EL D,
D OFIFZRWT, MG S-St ED 5 B
I P 2 12 L7 OEE R (%)1,

R:@—@ﬂﬂﬁquo(%) @)
1-n

L%, ZOR(%) ZURFAFERNCGR & EFRL, KR
BRI FUIFERE L L. 7238, R OEIZX 4 12/7.6
NH X9, 5EHHEEB LD L OFEEBD &, 52

-128 -



3 1 9 7] &R L7z B R 53 BiE 2 o0 B %

OES B LA O L O BO L OIS,
7R BRIERRICRBVTE, ADRHTEmES, S
D9 LA D 3 ITIBRAT DXHRTTEDS 1%L T &
72 DI ROWARAI O HEE: (Walwy)p 23R, T & &
DOIFRFERINER R 2 R@) ) HRed7=. 72k, AAF5E
TILEAEFERINER R = 1 (%) & 72 5 &2 K5y
BERAR L EFT 5.

3. SRERIER

3-1 FHEIEENRER 512, PERH R & L=4.6D;
DB 5 =AlED=13,20mm B L OEED =
1.3 mm DOFZFAFEENLER R (%) D& mfra s, Al

250

=
£ |
= 2004
é .,
5
f&]
& 150
2
2
2 1004
>
g
-

50 =

I
10 15 20 25 30 35 40 45
Gas flow rate Gg (I/min)
(a) Triangular groove b = 1.3 mm

= 400+
£
E
@ 300
[
B
g
= 200
o
=
g
-

100 —

30 40 50
Gas flow rate Gg (I/min)
(b) Triangular groove b = 2.0 mm

300 —

2504 g
200 —
150 4

100

1.3

s0- PN S
T T T T =

10 20 - 30 B 40 . 50 i &0
Gas flow rate Gg (I/min)
(c) Trapezoidal groove b = 1.3 mm

Fig. 5 Liquid non-recovery rate for L, = 4.6D;

Liquid flowLiquid flow rate G, (ml/min)

AORHRER, HEhIA DR TH S, Ak &

BY, AHFETIER =1 (%) & 5e KRR L T 5%
L, KFEHTRT. thilkd 2k ERIc LY, K%
BRSAN Tl R FEE S 238V CHRFED N D RS L

TSRS, (Ko FElk) &, mXEEREIZRB
CHRFEDNIRI & 72 0 TR 2 REBERA (KR o E fEI5)

O REOK T BEIRERA S HER S =, £, KD

R=1 (%) OXUETHERS % 52 250K El S, IR
EHEIZZ > TEDIERRE LSBT D 2 &5,
PUF, iBFHFEREICR R=1 (%) & 72 D50 R O 2%
W X DRI D .

32 BENBR 612, —fikb=13mm, i
KR S L= 230, OfEHRA277~9. X5 () H3F Ui
PRI L TR R SRV L= 46D, DBATH D7,
PERRE S L e, TREERS, s VR OMIR
RFAET HIMEDIEFINE Lo TND. 2D
LD, YRR S L 1 XmIR AU 2 KT R
HFHRTA—HTHDHZ LN D.

FENT, JERGERR S ORISRk 5 5% 5
92728, BRI TR R S L 22 b &1

180

160 —
140%
120+

100

Liquid flow rate G, (ml/min)

10 15 20 T es 30

Gas flow rate Gg (I/min)

Fig. 6 Liquid non-recovery rate forb = 1.3 mm, L= 2.3D;

—_
E 600 — ¢ b=1.3mm, Triangle

E O b=1.3mm, Trapezoid

‘% 500 H A b=2.0mm, Triangle A

5

O 400

i)

< IN

E 300 " =

=

=l o

g_ 200 A g -

= o

E 100

j=2]

=

38 0

K=}

T 0 10 20 30 40 50

Expanded section length L, (mm)
Fig. 7 Flooding limit liquid flow rate

-129 -



3 1 9 7] &R L7z B R 53 BiE 2 o0 B %

Contracted
section

I/ Inlet guide

I Gas flow

3 %/// Borescone
Gas outlet pipe 1;/ High speed camera

Fig. 8 Visualization setup

Liquid flow

b
>

Groove of
expansion part

Liquid L, |:> |:>

Outlet pipe
Fig.9 Flooding limit model
500

400

300

¢ b=1.3mm, Triangle

200
0 b=1.3mm, Trapezoid

A b=2.0mm, Triangle
—Eq.(7)

100

Critical film Reynolds number Ref, r=1

0 2 4 6 8 10 12 14
Modified Bond number Bo

Fig.10 Correlation for the flooding limit

7o 7T, SRR Z ISR (#hE b= 13 mm O
BIIEARTEE: G = 10 Vmin, J#i&b = 2.0 mm OEFETIR
FRE R G = 15 Uimin) [ZEE L7z L ZIZR=1 (%) &

IRB MR B G gy RO TFERZ RS, T 2D,
WTIDOFFTHILRKEE S L 2 K< 372 Lk

IRA DRGNS 5 Z LoD, ZDFORE
FEBIELT D120, 1HEHE b=2.0mm ORI, X8
VRSO IS TSRS (4 U > 241, R060-032
045-50) AR B 2 7578 LiAdr, EndfEs A
ZCRARL Uiz, VW= TR, 4M% 6.1mm,

B 45, HHEFA 50° ThH Y, A RN DI ORE
FEFOEHORIOICBIEET 5 Z LN TESD. 20D
FEAR, PRI CIRARREN L, = OWFHORTEZE)H

ERFEHEZ 5 SN DVRE L, ERIEOTH
MR DR IR L7212 120S, TR SR D
RN OV SN DRI S, X 912%
OREFORREIRT. F72, s E & DitEsic
BT, KEHHDEO TR TRADIRE L
TR DR MR ST, DS BB &N
7 7—& LTINS 2B/, TN A = A0 A)NFEH
RN L > TR Tl 7z SHUZ S WIEERENWEE 2 S
N5, ZORBERBTHIZDIBEIER S R

ALY
Bo- ;—/te 5)
ZEANT D, Fio, it NEEESOfEE LS L TRIEL
A I NAEEBANT D,
Re, =8 ®)
He I-groove
22T, Lyooe 1, TERIBOMAEOMAURE & Th .
[ 10 |12, WRISAURS %2 52 DI LA/ L AL Rer pay
ZEIEAR Y R Bo CTHEBELL7-/E A2~ T. s UiR
J73 Reg ey & Bo TELSHBITE 2 2 L8bind. A
F—B % b T, LR OMRTHEER A1
Re, ., =130.0 In(Bo) + 56.3 @

33 BHEREBR  HRBIR IOV TELET

H78, K8ITR LI T2 2 AN A Riz<
FTELAL, KFRED K E WSIRITISUWTHLRES

Bottom surface
of inlet guide

Groove valley

Groove crest

@1=0]s] ‘ (b) t=0.001 []

Fig. 11 Entrainment visualization
& 350
()
x X b=1.3mm, Triangle
g 300 )
c i 0 b=2.0mm, Triangle
>
é 250 » A p=1.3mm, Trapezoid
'S 2
S, 200
) X
o o
E 150 =
=
E 100 ge
§ A O X
£ x o
s
UEJ‘ 0

0 10 20 30 40 50

Entrainment limit gas Weber number Weg =1

Fig. 12 Correlation for the entrainment limit

-130 -



3 1 9 7] &R L7z B R 53 BiE 2 o0 B %

6 8y Sg0 © ©  b=1.3mm, Triangle

Eqg. (10) O b=2.0mm, Triangle
& b=1.3mm, Trapezoid; —
Open symbols : R=1%
Closed symbols : R>1 %

Lo e
=,
0.8 |[BAR TR oy
0.6 (AR RAER
o

0.4

PRFFEe e gn g o § ] Ty g

0 10 20 30 40 50 60
Gas Weber number Weg

0.2

Normalized film Reynolds number Reg*

0.0

Fig. 13 Correlation for gas-liquid separation limit

THRRDSTRE T DT O b2 T o 72, ZORER,
11 THROHND X HIZ, TRIEASHERED DILRERIC
TR ABIC, TR & FER U0 & 72> T
TORTFMBE SN, £, SABRIHE OE O T
Th, EHEATRE L TRV T DR MBI ST
TR OSBRI FIRF- & LT, KEHOE M) &
KHIEHINEZ BND. ZOFBEEFIT D7D
HEFCE OIEPIZF1T DEFE AN HREE 6 o L TEED T
ERINTT 2= a5,

.2
b
Weg = Zedoc ® ®)
o

X5 ® E fEEIZHBV TR = 1 (%) LD IRA % 5-
2 DR EZ, O = — =L, K (B)DiFE
LA JOVAECCEER LR A X 9 1 g, WD,
RRD === LA ) N END LT
IR NEIC L BT, RBIRAZREHETE 5
EININD.

34 [URHDBEBFROEIERX ISR & ki
FREFRAOME 2N KB 5728, (6) Dl
LA Rk, A(T)THEINDIEEAR T &
BT B L A )V RECHIBAET 5.

« Re
Ref:leoon(B;)+563 ©

X 1312, Z OB SITRIEL A/ )L 25T Re* & &
D = — "= Weg TETOERT — X ZHFL L T-%E
AT PO P E LS HEFAFEEMER)Y R=1%
DYe%, BOELEEFIIR>1% THDH I L aHKT.
(13 kv, RS, WK, ERECED LT
2 ORI CET — A ERJBEHTEXL 2 L0b
DD, KEERND, WS & TRIBERA O i
Bt b L Cat(10) 2157

Re; :lninhﬂ29.3VVegL“6] (10

WA & SRt EE, N10) TH X LN DI L A
VAR E KFR T = — N OFFHN O Z AU,
TRFEFERIER R 75 1%L T & 72 0 SEKUR 2 20k
TE5.

P EOmREZE LD &, EMmICEH < RmE %
AN SRS BIERR I I > Coe RSy BN FEBL ATRE C
HDZ L EFBRIIIHER CTE T2, 2o EDT=8
Wi, RSV INE < WrifEOR E 2R & U TR
U\ HE T D L LB, AR EN & I
TEHORESDIEREERT D ENE THDH LS
25.

728, ARFEOFERITAK-ZEZRDIIRIZ L HHDT
BV, —RIZE(7)~(10) F OFRECRCFEE 18 B HEOKS
PAREHEDORTH D LB 2 DD T, AR
Z B HDMIEDIHEN D E ERND Z LIIFEE
BET D, WMHEORBEZA LN D1, Bird
WIMEDURI A N SR A ST O BN B 5.

4, #5 £

T & % T e NS R A R AR L
IR-ZELHR IR COFEERZATV, LUT Oftima 15372
1) (T B < FmnE ) & WSROI L -

FERKIR A AT D Z E kD Z & 2R

B HERR L7z,

2) KRB A PRSI 2 ER & LT, mitait RO
WEHURAR &, B ERF OSBRI O —fikH
DRSS LTz,

3) MR A Z, IV A VAL, THEOWRRF
ZFRTEIER Y R ZEANTET /UL, R
A7) 25

4) IRTHRBIRA A, RSB O BIISTIZ 1T 55
FHOIEMT) LR OFRmE RS D E L TET ML
L, KD = — = EEIE LA V2 T
U7z, BN, K-ZERCR AR DRIy
FRAZZTQ0)Z 4R L.

B) Koy BlERR DB ERE L D= 01T, EAYV NS < W
ARORE IR E L TR Y = — " — 5% T
o, AR EAEN A2 C& DR S &%) 5
ZEBEITHS.

E

AL, FNATBAE NV — « EFERA

AR 17 AREEE RIS E B 3 DB

-131-



AN

@)

@)

©)

3 1 9 7] &R L7z B R 53 BiE 2 o0 B %

RLTHEZETD.

X |

Yamazaki, Y. et al, Development of High
Performance Steam Separator System, Proc.
Mechanical Engineering Congress 2003 Japan
(MECJ-03), (2003), Vol.3, 163-164.

Nishida, K. et al., Development of Moisture
Separator with High Performance of Steam
Generator, Proc. Mechanical Engineering Congress
2003 Japan (MECJ-03), (2003), Vol.3, 165-166.
Asano, H., Fujii, T., Takenaka, N. and Sakoda, K., A
Study of the Phase Separation Characteristics in
Gas-Liquid Two-Phase Flows by Impacting
Y-Junction (1st Report, Experimental Results for
Air-Water Two-Phase Flow under Normal Gravity
Condition) , Transactions of the Japan Society of
Mechanical Engineers, Series B, 67-654 (2001),
350-355.

(4)

()

(6)

()

-132 -

Asano, H., Fujii, T., Takenaka, N., Arakawa, T. and
Suang, Y., A Study of the Phase Separation
Characteristics in Gas-Liquid Two-Phase Flows by
an Impacting Y-Junction (2nd Report, Experimental
Results of the Effect of the Tube Diameter and Under
Microgravity) , Transactions of the Japan Society of

Mechanical Engineers, Series B, 68-673 (2002),
2542-2547.
Shikazono, N., Mukasa, Y. and Iwata, H.,

Assessment of Micro Gas -Liquid Separator Using
Surface Tension, Proc. Mechanical Engineering
Congress 2005 Japan (MECJ-05), (2005), 243-244.
Shikazono, N., Mukasa, Y., Azuma, R. lwata, H. and
Watarai, K., Development of Compact Gas-Liquid
Separator Using Surface Tension, Proc. 40th
Japanese Joint Conf. on Air-conditioning and
Refrigeration, (2006), 49-52.

Iwata, H., Komori, T., Watarai, K. and Shikazono, N.,
Development of Compact Gas-Liquid Separator
Using Surface Tension (2nd Report, Investigation of
the Applicability of Compact Gas-Liquid Separator) ,
Proc. 40th Japanese Joint Conf. on Air-conditioning
and Refrigeration, (2006), 53-56.



