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A High Intensity Cooling Device Using Low GWP Rerigerants
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With rapid development of electronic devices, their internal heat generation
become significantly denser. For the heat dissipation performance improvement in limited
installation spaces, passive two-phase cooling technique using water is being applied. Using
refrigerants is advantageous in many aspects. In this study, a gravity-driven cooling circuit using
R1234ze(E) and R1234zeézg are experimentally investigated. The well-known hysteresis of boiling
inception was confirmed but negligible with R1234ze(E) and R1234ze(Z). The experimental circuit
successfully kept the heating block temperature below 80 ° C at heat fluxes up to 1250 and 1110
kWm-2 with R1234ze(E) and R1234ze(Z), respectively. Furthermore, by using a LISS boiling surface,
the heat flux was extended to 1400 and 1350 kWm-2 in R1234ze(E) and R1234ze(Z). The experiment
demonstrated that using the selected volatile working fluids, instead of water, and the LISS surface
can be a beneficial solution for electronic device cooling.

GWP CPU



1. BFEERRAEYS WO 5

s O 20 2/ b ds X OVE MRk
RV, RS OIREE B A IXRA 2R E &
o TS, EEMECHGAGMmR EOMEL
[EEES 5 72 D12, BAFIEIAS S B LR & 7
5. S%OERDFEE N EZERT T,
T B 25 A R T 2 Wb s BN 12 2 72
FETHDHEEZLN, E— AT, X—
WN=Fx 2N, —FH A 7 FFDORE
B2 b DT D, FrlZEEERR & 78T a3 DNLE
DRINATEECHEETE 255 ThiUE, 2o
O b bl EAE R LT VL — T
P—FH A 7+ PELTNDEINLTW
L. T2 LEDEERAEDIZE A ER, K
Vo T RAELDL T TEEN - £ R AE &
Thbd. AULHEEFHAT L — MR
7CUE, EERIR OIS BMRER B IEE 1T
< HERRI FICKRELSFETHZ EMNREL
HMHITWAD. L, 20X i@ ElEd)
Wifk%Z CPU mEIE~# A L 7 iFge il 350
A

2. WEDOHBY

AW CIX A RBERAW AL —T O
BREMERER EA2 B E L, EEEERIAORH
PRI DUV CEBRAYITHREET 5. Mt R134a,
Z O GWP R M I R1234ze(E) &
R1234ze(Z) & B0 EUF, 7K & bl U # DL
PEEBLRT L. I oICPbmERmIEROLH
BRAD. BT & Bk Z &b o Bl
KBS, EEbEEIRET 5L L bITk®
BREVEVE R A NS5 2 & 3K TS
IZENTWA. 20X ) e ol FLgESE & @
iUk & 2 RIREC AT 595 51k L& LT LISS
(Laser Interference Surface Structuring)i%’ &
L. ZOFIETIE, WERR TR, A
PYED & 2 BBUKYE % &R E A~ EEA 59
HTENWTE, a—T7 4 U 7IETET LS
ORI &L RS2 2 LNk D . AR
TIE LISS CHUE X 7= SRR BLK s B %
AW GEOREBMEREZIE L, KXV b3
L < RHEIES D/NE VY R1234ze(E) e E D
JEEBh SR IZ 3 L C b b g IR HE & fie i bR
BEGR R G & BT ORBE LD 0 E i
w5,

3. WD Ik

(1)  FEBrgEmE

1 ()l FERALEMENZ X, [ 1 (b)IZ HBEED
REWE [ % 79

(2)  RBRMBESE R L OSBREEhITIA

B4 2 1%, 3 MORBRIE S EOMBI TR
Thd. X2 (XN ToAoIE L,
B4 2 (b)ITBehsn L% L — ¥ CBiAmm Lz
i U7 A=ENE, X2 (o)l Ty B
FANMNLEWK L2 E8mTHD.

condenser (d)

[@issinssnsissiin)
cross section

number of slabs, 24
number of port
in a slab,

(internal volume:
2.69 x 10 m?)

(a) heating block

(b) test boiling surface
(c) sight glass (h) closing valves

(d) condenser (® pressure transducer
(e) fan @ K-type thermocouple

(a) test loop

boiling surface area
g (20 mim) |

(f) shunt resistance
(g) DC power supply

L\ canridge
pppppp

(b) boiling section
Fig. 1 Experimental apparatus

S surface

— .

(c sandblast surface

Fig. 2 Test boiling surfaces

B 3 (@I, X3 b)IidsEsKms
BN O KZJE FISE T DHKIC k9 5 Bk
AREROBEE THD. HEfihfAiL, s
EEEE (WA (k) ® Drop
Master500) ZfEH L, #fi/K 0.05 ml &2 Hv>
DRI IE TR L 7=



(b) LISS surface
angle with pure water.

B 2 2
s

o

(a) Bare surface

Fig.3 Contact

7

k *" b AT
(b)LISS surface (x1800)
Fig. 4 SEM images

i

(a) bae (x1800)

4 (@1%, M Tm, X4 Ok, BBK
RN LR f% 2. 1800 10> SEM [Hi{% T b
5. #1LIDEAT vy 7, R R
O~HER LOWEIR 2777, BRs B 13466
;@VG\, (ﬁ%ﬂ%{ﬁliﬂ‘ﬁ*ﬁ ATP,srf !i 314 mm? ((f)
20), MEAT &1~ 7 & Ok EFE Achip 1 196
mm2 ((J14)TH Y, HAETEKEN 1.6 & 72
STWA. F77, £ 2ITEBRSEMAER I OMESH)
VAR DM % T

(3) F—2EBIE

CPU b OEVEAT (BAFTR) 2 FBEed 5N
BT vy 70 OB genp 13, MEAT 11 >
7 EEROETTERGy T IRTTEMRE DS R Y 3L
SEREL, A(DHEVRDOEND.

dr
Denip = sz (Ej (1)
HB

Ay = 401-0.645(T,, +273.15) [Wm'K'] o

220, (dT/dowus 1[ZMEAT = v 7 S 3
RCHE SR E D B e/ ZRIEIZR Y
WRESNLDMEAT 1y 7 FIREARTH 5.
BREMAERE DRI 1T, BRI Roys Z NN 2.

Ry =Ty =T )/ (onp X Ay ) = Reons + R + Rep + Rece
Rt = (T =T )/ (4, * Ao )
Ryor = (T st ~ L )/ (qchip * Aoy )
Rip =(Tippm = Trvat) / (qup % A (3)
R =(Taip = Tonsn )/ (9 < Aoy )

=0.0714 [KW™"]

ZZ &:’ Rcond’ Rboily RTPy Rcont &i%h%hy
Ktitaae, UhiSHE, BB mNEMEE, AR
RENE &MY 1 > 7 & DT K 5 BK
PCTH D, HEAREIERHT Reon | LFRER T B O JiE
120.026 KW' 5 0.092 KW DIEH S & &0R
L7c7zth, ARWETHE—M 0.0714 KW' &K
& LIEEN AR I K UM B 0 2h 5 & FEAf 5
D.

4. WFERUR

(1) FEhRIR DR R

B 512, Wi ORERRAE R, Ml
DEAGER qrose VTSRV Arpse lZFED <
Thsn. FRBFREMCBNT, KOBEmIE

Table 1 Specification of the heating block and the test boiling surface.

surface bare | super-hydrophilic |  sandblast

material oxygen free copper (Cu > 99.6%)

thickness [mm] 5.2

boiling area [mm?2] 314 (p 20)

heating area [mm?] 196 (o 14)

arithmetic mean roughness [zm] 0.07 0.93 3.52

contact angle with water [°] 90.3 3.2 -

Table 2 Experimental conditions and fluid information.
working fluid water R134a R1234ze(E) | R1234ze(Z)
boili £ b bare, h (ki)areil‘l_ bare,
oring surtace are s-hydrophilic | ° Sgnﬁ({ﬁa; t“” s-hydrophilic

filling ratio &[%l] 25 ~ 60
facing air velocity [m s!] 0.5~ 4.0
heat flux [kW m?2] 20 ~ 1500
ambient temperature [°C] 20
pressure [MPal] 0.005~0.01| 0.55~0.70 0.17 ~0.20 0.42 ~0.53
GWPi00 [-] (Myhre et al., 2013) - 1300 <1 <1
critical pressure [MPa] 22.06 4.06 3.63 3.53
critical temperature [°C] 373.95 101.06 109.36 150.12
surface tension [mN m!] (at 30 °C) 71.2 7.4 8.2 12.2
1?E§i;ffé£ﬂ§fgg?zamon 2430 173 163 203
density (liquid / vapor) [kg m*] (at 30 °C) | 0.03 /996 38/1187 31/1146 10 /1208
liquid viscosity [mPa s] 0.80 0.18 0.19 0.28




BVE X R134a, R1234ze(E)& R1234ze(2)IZ Lt
LTEHELLEW. —J7, Rl134a B bK< K
UG R1234ze(E), R1234ze(Z)DNEIZAKL .
R H Cor 9 @ 1d, Kandlikar(2001) &
Zuber(1961)DZ L % CHF (RFEEHR) D
ETHs. FHIENT- CHF #i#if L7=23 9 7
5 EBRTHE L2 R134a, R1234ze(E)B LY
R1234ze(Z) D i i h #E O = 1 LB FERIIZFE R
melpd. Fio, BRFEGEAR DM THIMIC
L TRE L AEL TS, R1234z¢(E) Tl
FUFER LV B 2370 @ 800 kWm? £+ T
R BEEIMBVE D RN BND. £T7,
R1234z¢(Z)TlZ, ZGHH 740 kWm?2 iz
WIS BR B 4G & B O B He i B e
TeBEIREE ERAR LN OO, ZOfE
X7 = BbEO THIME L D b 280 kWm 25
AN

1000 ——————1——T——
a ®
g - ° &
Z 800 “
A I~ e 'S n
ol CHF ®
(-9
& | -
S 600 ™A ® Stephan- Abdelsalam eq.
N [ i
& r o4 @ o liquud-back
an i H — limitation
) - A ; L -
Q 400 o 4 ./CHFKandlikar o
= f O | 0 water
7] © Rl134a
2 200 A RI1234ze(E)
= ® RI234z(2)
2 B water
o (Furusato et al., 2015)
1 I 1 I 1

40 50 60
wall superheat, ATgy [K]
Fig. 5 Boiling curves of tested working fluids
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