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Effects of flow channel shape and lubricant oil on evaporation heat transfer of
low GWP refrigerant in multiport tubes
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In this work, we performed experiments involving the observation of
two-phase flow, evaporation heat transfer, and friction pressure drop in multiport tubes consisting
of minichannels with hydraulic diameters less than 1 mm, using R32 as the test refrigerant. The
two-phase flow patterns of R32 flowing in parallel minichannels were observed and classified.
Experiments were performed to determine the heat transfer and pressure drop in a multiport tube
consisting of rectangular minichannels with straight microfins. We clarified the effect of microfins

on the heat transfer and pressure drop, and on the enhancement of the heat transfer. Furthermore, a
compatible oil (PVE) was mixed in R32, and the effect of the oil on the boiling heat transfer and
pressure drop was quantitatively evaluated.



¥ L C—19, F—-19—1, Z—19, CK—19 (dm)

1. WFFEBHAE SO 5

7 v U PEHHIE R & o ZE kSR g
R AHHANC LY, BREAMNO/NSI W
BEA~DERHARED 5N TR Y, HERIRR AR
B (GWP) O/NEWEHRBRHESEN S &
AW ER OB HED STV 5.

—F, ZEFER AR Hagm o /N, EiE
RAL OB D, KIJELE 1 mm LA ORGH
s & 2 BA T D RELAEER STy
5. eV ENOBBEEVREICE LT,
INFETICE WL OO ENRRESNLTE
D, TEREAE LT R DRSS R s DB
RN ALND Z EDRHREINTWVD.

R ALE T L o E S, bRl
Rk A4 T B ek O BLE N FIEE T H
D, FaEERIZIRIC OV T HIREA D i
TW5D. F72, EHECIIENE S
i - BEOBBHIIBA L TR S, A
HAZRN COFMENERFE, Mgl L OE#EK
BRPEICRBT 5 Z L0 bTWD . K3
DEMHREILZ XD T-D121E, ik L OEE
BERFEIC IF T IO BT SOV CIEAE IR
THVENHD., LLRRD, Gt mo
FLAA DRI X 0 OB TR e
v, RELZILENTORBIGEL X OES
HIHFEIC RIE TR L Cd+ 7
FENES TV,

2. WD HBY

2 L8 O B i IR O FEtks K O
B+ IR S W) OAR AR BV RFE O R % e i B
B& L, AHFFETIE, (DREZILENOKIE
THVRENVERE, Q)UBIEEMER X OVESEK
FEMEC R T WT TR D522, ()i 2L
Rk L OVE DR RIC KT T RS OREIC
DWTEBRMIZHA L IZT 5.

3. WD Ik

FERAEE L, KT, BRTEGR, 7 A b
w7 v ay, g, BGesBIOL T —N
D ORERR SN DREIIEER L — 7 Th 5. Wit
OIREB L OENE, EXRTAGRIB LT
A M7 va VRENCER T B BHE SR W
T, K B —2BGERS L O A g % A
WCHIE LT, B0 E &R EB L OENIL,
FRNFENAA N Z)L T DORRE B L OV 2
TORGHEIZ L V& LT,

LR T ARTREEAICOWTIE, RSB ILE
ZRELUT- 10U 1.0 mm O HHIE 5T T
a2 KFICREL, EANBANALAE—=RD
AT HRHWNTEZE L.

WIS EMAIER K OVE R ERIT, & LT
FICRRE LZER e — 212 &k v iR B vE %
ML CTHT - 72, BB T ER e — % OBJE
LB LR, BABERIEE X SV 1
AT E O Mg CTHUY £ 72 K B2 L 0
E LTz, WRAOEREITOBL, 7 A Mk
Jva vy HBAIZERITTERE - SBEL—7 5
WMEFEL, WEEXYy 7Y 7RIk
DHIE LT,

BT IARIZIE, ) GWP 23/ & <, BIE
DFFEFZEFIEIEHA ST D R32 W
7=, FEBRIZ, BAFNEEE 15°C O&ET, FITE
B 50400 kgm2s! O TIT o 7=

4. WR7ERE

(1) &Ik —FEE R A

BlEt SN RFEW2MERAEZ X 1 IR
WA D EF AL TS, RERT
%, A7 70 (X775, A7 7 =B8R,
F ¥ — B LOBRREN BRI

AT TRITEICREREE, K7 4Y T o
WTBRIh, MENERKRT T 7 LIRAT
IR HIZHAHMENERTH D, ERT T
Y ORBEIELS, 74V T 4 BREWVIE
FRWERKRT 7 7V BNBESN-. AT 7~
WIE T, FEEWNEBERIZH > THRAD S0
PRI & G A PHIE L 2R WVERE DR ISR &
niz. Fry—rii T, RIEREOBEELITKR
X<, PR PNRE T B AR MR B 3
ZEaN-. BT, RIEAE RO EEL
R SRR WA = K =2 g W

M2 ICEREEEG LAV T 4 x I LT
AR 2R d. BEEEICLLT, K
JH VT A TAT 7B BlE s, BHE
B 100 kgm2s! LU F CIVE B 23K & UOVEE,
L0\ FY T 4 TR THNB AT T —

(c) F¥— it
BJ 1 JiEhkRAE

| R32,D,=1.0mm, T,=15C
400 SC C A A A A A A

A
$200 s s c C CC A A A
O]
?100— S S S S SA SA SA SA SA |
e
@5 S S S S S S SA SA SA 1
=
30
0 0i2 0i4 0i6 0i8 1

Quality, x [-]

S:Slug SA:Slug-annular C:Churn A:Annular

2 JEhRGRRIX




BRI~ BB L, £7o, EEHE 200 kgm®
WP ko -@m@s V7 4 TFry— Ui &
OBRIRTE A BIEE S Tz,

(Q)UHE Wi TR 0D 5228
7 4 AR 2 T L R ALE
(Rib0.82) % FIVN T, AZBMEREDILK & i ik

INT ZDARBMEHERN R IC S W TR 21T - 72,

BB EVE DM 2 X 3 12T

CLLLLLTLTD

X3 RBmEZAE (Rib0.82)

X412, BT 10kWm 2285 7 1 At
L ILENTOMBRMRESRax, 74V T
4 x XL TRT. BVRERITT 1 V&2 BE
L 7= BRI S E DO BGRR 2 -V TR L
7o, EEHE 400 kgm?s! DRMETIE, 74V
T4 DI E HRWBRER T KL TR
D, BERPEE L R IZ SR ] A 0 BN I
Lz, RIAT U MR AV T 4125 H
T5E, HEHEHEOHKIZE LR, ZOMHE
ML TRY, EEHEE 50,100,200 3 L
400 kgm %! TENFH 0.2, 0.65, 0.7 BELW
095 TH-o7=. 74U T 4 0.3-0.7 TiE, Bz
ERITEEHE 200 kgm s THo & EVME
L, 74V T 4 0.7 UL ETITEEHE 400
kgm 27 A b E O BMRERE A R L.

40 —————— . .
Rib0.82 0 G=50 kgmZs' |
T.=15°C A G=100kgm'§sl

_ 2 O G =200 kgm-2s-

30 | A=10kWM™ 5 G = 400 kgm2st

a [KWm-2K-1]

K4 74 A REZILE OWEMRE

X 512, 74 02 X HDABMEED R 2 et
T A0, KIELED 0.85 mm & IXIEFE T
TT 4 Y OIEWER IR 2 AT 2 KR
WL £ N DB IE PR EESR[1] & O e B %
NS IS G N Y (2 YT Y 1A A T e
RAERE A EOBRER T LT, 7«
U RESALE OB B IR BMRER AR L
TEY, MENEIZTZ 4 v E2&ITDHZE T

BOMEES N TS Z LR T 5. K,
EEWE 200 kgm s OF - HI AU T 4B
L OVE EHE 400 kgm %™ DK - F 7 AU T
LIZBNWT, 74 I K DBEEMRER R K
TN ERDbD. X, T a0 AHERR
HOYE, Rk OIERIZ L Wik Wrim2
B LT 4 AR BT N 2 R
WIS, EABMEEINT- LD LB D
no.

30 — —
[ R32 A with microfin
[ Ts=15°C O without microfin ]
- [ G =200 kgm-2s-! ]
v 20 F q=10kWm=2 4
o - 4
S
=
=
N}

30 T T T T T T T T

[ G =400 kgm-2s-! ]

[ g=10 kWm=2 ]
= L AA ]
X ]
S N A
; 4
= ]
3

A with microfin
O without microfin |
1 1 1 1

0 0.2 04 0.6 0.8 1

X [-]
X5 740l kA EERTER R

K 6 12X “MHEEBREASRK o &
Lockhart-Martinelli /X7 # —#% X DOEA{R% /R
9. KX, KIJELE 0.85 mm DOEREE
WM E AT DKL ILE ORR[]E, K
FIERE DA ) L7~ Mishima-Hibiki ®¥
BRI L 2HFEMEE ER ThOETRT.
X0, “HEEERE0E, Mishima-Hibiki 0
ERFMEEZRLTEY, TSR
AT IREENE D 7 4 O MO FEIT/ NS
<, TORBIIKNERIZLVEHRTE S &
Z256N05.

100 e

50f Exp. data (with microfin)
o G =100kgm2s'

A G=200kgm2s"

B G =400 kgm2s

10F —— Mishima-Hibiki eq. E

s Jige et al.(2012)
0.5F (without microfin)
O G =100 kgm2s! |
A G =200 kgm2st |
O G =400 kgm2s™

I P R | I I I
05 1 5

X[

6 AHEEBUEMERE L LM T A =X

005707




(3) B IR G D2k

M OIRE DU EMEER L OE KL
W RIETEBIZOWTH LT T B 72012,
MRS 2 A 2 K EREZALENTD
R32 fili it & PVE RAHENEN OIRA Y O Wb
BRERB L OENHREOWE LT 7. &
BRIZ T2 R 26 FLA4 (Cir0.8 1) O 3 145 W 1
X 72T,

[oooooooooooo]
X7 REBRRELALE (Cir0.81)

X 8 12, R32 fimtl R32+RAY (i
R Co=3.7wt%) OIEEMEERa %, 7 4
U7 4 x (R L TORT. K7 AV T 4 hoi
B R DS TrE R32+HHRAWIT R32 12t
L CRERBYRELREZRTHOD, TOMO
IR R32HTHIE A MNTMIA B LR TK
WEMBRIEREZ/R LT, K- P74 Y7 43T
X, R32 BI O RR2+HMEAWE biZ, BT
WOBEMZ L bR WEMRERITHRKL TE Y,
Z OEGEAR DI X DR ERO BRI M
LI T R32HMRAW CHE CTH - 72,
T2, BZAVT o TIE, BGRRICE ST
HORANIZ LV BYREERITK T 3 28 2 A
sz,

30 T T T T T T T T
Cir0.81 —A—q =5 kWm2
= Ts=15°C —O—q =10 kWm=2
X Pure g =20 kWm-2
= 20 | E
€ - -25-1
G =100 kgm-2s
=
3
G 1oF - .
}— ¥
= W
O 1 1 1 1 1 1 1 1 1
30 T T T T T T T T
Cir0.81 —A—q=5 ka'22
- Ts=15°C —&—q =10 kWm-
N¥ 2 Co=3.7 Wt% g = 20 kWm=2
§ G =100 kgm2s™!
X,
3
G 1oF N
'_ -
= M
O I 1 I 1 I 1 I 1 \;
0 0.2 0.4 0.6 0.8 1

Quality, x [-]

8 IMIEEMAERIC KT T OEE

912, R32 3 L O R32HHIEA W Db EN
mERo &, BEEE GIIA LR, Xh
21X, PERERE T 24 D OB EVR =R
OFRABNC L2 FHEME EHRTRT. WT
NOEERESLIZBNT, BRI
EOBMIELR2WMETLTEY, B, &
B 50 kgm2s! THIORAIZ X D BRESR
DIRTHARE ., L, EEEHESET
X, IR OBIINT & b 72O EE S BN
% Z & TR BMRE D S 50N BT 5 O

WZxt LC, REEEESI T, moREIS
X VIEKER L OREEANPHE AL, KT
Z TR OWRBENIEL 725 Z & THRFEEKHT
DHRTDHZ TNz, K77 7Y O
SN DR E N KT 25 Z & T, BYRERN

RELIEKTLEDDOEEBZBNS.
50 T T T
I R32, Cir0.81 1
t Ts=15°C
g =5kWm-=2
— x=0.5
g 10t
S
N] 5 I
O— -
'_
T
1 1

L 1 PR | L L L
50 100 500
Mass velocity, G [kgm-2s]

9 FIEEMmERIC M IF 9 Rl
B L O O

X 10 {2, R32 Hlimiis L O R32+HHIEE Y
DI IR D EEEE R K Otk 2 R T, XX
0, RI2HMEAW O EEET ) JIL R32 12k
NRRKE,R2D 13-1 8 (FREDEE R LTz,
F 72, R32 TITEEEE IR KT TG R
DT LRV, R2HMIEE Y CITE
B 400 kgm2s' D7 AV T 4 0.5 LA FIZE
W CER RO & b 7 5 BEREE LD
HARDI BT, T, B EHE, BUiko
Bz bhnr+—I v InEEsh, 7
F—=I Ik RELEEEBEORIICLY
WEHREN AR L b0 EEZ NS,

10—
Cir0.81 M
L Cir0.
Ts=15°C o
G =400 kgm2s™" ®
L ® o
<
= 3 0‘6 4?%
§ Log
E bo L 8°
o 86
= o
< 901 ® O B
S o o 8
= g &
s [, 00
= LR
S &Q
© q [kWm2]
O 5 10 20
O @ O Pure
S @ O Co=37w%
0 " 1 " 1 n I n I n
0 0.2 0.4 0.6 0.8 1
Quality, x [-]

10 BEEE RIS RIE T O



2B TR

[1] D.lJige and S. Koyama, Experimental study on
flow boiling of R1234ze(E) and R32 in
horizontal rectangular mini channels, Proc. of
the 3rd International Forum on Heat
Transfer, Nagasaki, 163 (2012).

[2] K. Mishima and T. Hibiki: “Some
Characteristics of Air-Water Two-Phase Flow
in Small Diameter Vertical Tubes”, Int. J.
Multiphase Flow, 22(4), pp.703-712, (1996).

[3] #& 55, &M BR, MK &, KA
O, MO KEEIR7REE N BMRE R
DFRARDEIE. H ARG wmCE,
16 (2), pp.177-187 (1999).

5. E7RFEEm L
CdERERm L) (Gt 3 1)

@O Hikaru Eda, Daisuke Jige, Norihiro Inoue,
Experimental study of boiling heat transfer
and pressure drop of R32 inside horizontal
multiport tube with circular minichannels,
Journal of the JIME, Vol.53, No.3, pp.174—

179, 2018.
@ Daisuke Jige, Shogo Kikuchi, Hikaru Eda,
Norihiro  Inoue, Shigeru  Koyama,

Evaporation Heat Transfer and Pressure Drop
Characteristics of R32 Inside a Multiport
Tube with Microfins, Int. J. Air-Cond. Ref.,
Vol.26, No.2, 1850017 (8 pages), 2018.
DOI: 10.1142/S2010132518500177

® Hikaru Eda, Shogo Kikuchi, Daisuke Jige,
Norihiro Inoue, Shigeru Koyama, Effect of
lubricant oil on flow boiling heat transfer
characteristics of R32 in a horizontal
multiport tube, Trans. of the JSRAE, Vol.35,
No.2, 2018. (in press.) (in Japanese)

E=3CING R

O HEHR, s S, TR, H BIEE,
R32 OACER 2 ALE MBI AR R
(KT T EAE T T T D R, 2017 4R
H AU SR 22 7 S S R RO R A SO R,
A331, 2017.9, HIE.

© AT, HES, R, HEEIEL,
R32 DIET MR NIZ 31T 2 iiiEhk
FH, 2017 4R ARG R ZEH ERAFE RS
AR SO, A332, 2017.9, HUR.

@ MW, #TKE, 3 EIEE, R32 O
M Z AT 2 KFERFELAENCE TS
Mz s L OVEHEKRICEE T 2 ER,
R8Tl CEp294) v~V oo o=7
U > 7 SRR, O, No.308, 2017.

@ Daisuke Jige, Norihiro Inoue, Shigeru
Koyama, Evaporation heat transfer and
pressure drop of R32 in a horizontal multiport
tube with microfins, 2017, The 5th IIR
Conference on Thermophysical Properties
and Transfer Processes of Refrigerants
(TPTPR2017), Seoul, 2017.4.

® HEmR, MEAHE, LK, R32 0=
AT 2 A D AKERFELALENICE
J B AEFERER LOENRRICET S
FEBR, 2016 £EHE H ARG ZZIH A2 FERR
REE S, M, 2016.9.

© R ORHE, PE)IEORRS, e RIEIE, KA
EJF N T D R32 OZAFE MR EIZ R
T HEER, % 53 I H RSB AR T 4
s R SCEE, KBR, 2016. 5.

6. WFIEER

(D) W A

HiN Kl (JIGE, Daisuke)
HHERTY:  FINFEpe
WotE R - 30708368

HEZ%



