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Thermal design and optimization of a low temperature exhaust heat recovery heat
exchanger for marine engines by next generation low GWP working fluids
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This research targeted pure and mixture working fluids with low global
warming potential (GWP) and the layered-microchannel heat exchangers that can be applied not only to
vessels equipment for exhaust heat recovery but also to high efficiency and energy saving of
refrigeration and air-conditioning, heating and hot water supply, which account for 60% of
consumer-use energy consumption.

Using the performance of previous working fluids in various tubes as standard values, the
fundamental characteristics of low-GWP working fluids were compared. In addition, the heat
transfer performance and flow patterns due to differences in flow channel geometries were visualized

in layered-microchannel heat exchangers and the superiority of this heat exchanger was demonstrated
through analysis including the results of the joint researchers, and the practical possibility of

Uﬁing exhaust heat sources and the direction of optimization of the flow channel geometries were
shown.

GWP



2023 7 IMO
GHG
/ H
(GWP)
LNG
HFC
,2015 CoP21
85%
R1224yd
6
R245fa/R1234z6(E)

R1336mzz, R1224yd

(COP3)

2011~13

CO;

Greenhouse Gas (GHG) , 2050
2016
HFC
LNG
, LNG ,
GWP
, GHG
HFC
2030 13 26% 2050
2016
HFC 2036
GWP R1233zd, R1234ze, R1336mzz,
2 , 5
R245fa  R245fa R245fa/lR134
GWP R1233zd, R1234ze,
.Fig.3-1 Test section



Test section

ANNNNRNA I WAYANAYAYAY | ANNNNNA
IVVVVVV) IVV VVVV IVV VV VYV,

| Sp—— | | Sp—

LA AV AV V) )
Electric preheater

v,
A
LAAA VAV AV VAV AV AV AV VNV

Sampling port

Water preheater Mass flow meter Pump

Fig.3-1  Schematic of the experimental loop
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Table 4-1 Details of test micro-fin tubes

LF HF
Equivalent diameter [m]  de 8.89 8.73
Fin height [mm] he 0.12 0.18
Number of fins [-] N 65 85
Helix angle [deg.] 0 16.5 39.4 (a) LF tube (b) HF tube
Surface area enlargement 7 1.31 2.09 Fig. 4-1 Schematic view of micro-fin tubes
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Fig. 4-2 Pressure drop in evaporation process Fig. 4-3 Evaporatl[ol] heat transfer
Fig4-4  R245fa R1336mzz(E) R1336mzz(E)/R1336mzz(Z) LF
100 kgm?s? Fig.4-5

R1336mzz(E)/R1336mzz(Z) ST, LF HF 100kgm2s



2 T T T T T T T T T 20 T T T T T T T T
LF, Tex=60° A R245fa R1336 /R1336 A ST
G=100 kg/(mg 9 A R1336mzz(E) o) ) s LF
— | A 70/30 mass% - - (Toup + Tgaw)/2.= 60 °C A HF |
€ = | G=100kg/(m?s)
g <
= 1 S0 .
S AL E
T % =
a A L 3
< VAN §"?A“QA A:“M :AA Agaa
A A A A A
O L | L | ?A AiAA.% A 4 O .A | m. Iﬁ L éAA .éAI IA
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
. 1-x[] . , 1-x [-]
Fig. 4-4 Pressure drop in condensation process  Fig. 4-5 Condensation heat transfer
, R245fa R245fa
GWP ,
GWP R1233zd(E), R1234ze(E)/(2),
R1224yd(Z) : ,
Fig. 4-6 Table4-2 LMHE PHE
LMHE
5kwW PHE Fig.4-7, Fig.4-8
LMHE PHE , 7
Table 4-2 Specifications of LMHE and PHE @ T
Volume ratio o~
KW 5 5 LMHE:PHE 1:7
Fegt' | Homm e @ A —c
woteraot 1m0 WE | [ E
m 0217 0510 P e
mm 0398 244
mm 475 269 o -

2 X X 3 .
B e Fig. 4-6 Appearance of LMHE and

[ ] [x107] ' '

I 3L PINEVANRVAVAY A A i
10- 1 A

[ £ A LMHE

- =2 A A PHE
51 y =

: <1 1

i 1 A A A AL aa

L L | L L L L | L L L L s 1 s
00 5 10 15 0 10 20
Mc [L/min] M [L/min]
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Fig.4-7 Pressure drop of LMHE and PHE
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