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Head Office

Osaka, JAPAN

Establishment April 10th, 1897
. ¥132,166 million
SEIpIE] = $979 million
Number of 3,189 (Non-consolidated)
employees 20,961 (Consolidated)
Net $11-8 billion Ordinary $0-8 billion

sales  1,586.8u PO

¥1 1 0 . 4bi|lion

(billion yen)
1,800

1,500

.................... 1,371.81,368.61,364.1

1,296.2

183 193 203 213 223

183 193 203 213 223

(1dollar =135 yen)

B Osaka Gas has “Energy Technology

Laboratories” as R&D department which
conducts R&D in the following areas

related to the energy business.
> Catalyst
> Fuel Cell
> Gas Combustion
> Waste Heat Utilization
» (Gas sensor
> Material Evaluation

A
oratories

(Osaka Gas)

B This study was conducted in collaboration

with Saito Laboratory (Waseda University),
as one of the research projects for waste
heat utilization.
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© Hybrid refrigeration cycle Wiz

Condenser | m Hybrid refrigeration cycle combines
N cencrator |ga absorption process driven by low-
gt or:ablfizrg;'\‘,gnt temperature waste heat with a
: Solution- | Tetraethylene Glycol compression process in one circulation
; MEX o Dimethyl Ether “Z” I
R (N (B.P. 275%) Cycie.
absorption =82 &mj@iET ) m Improved cooling COPc based on the
circuit s | power even with low-temperature
Aborber [F) i waste heat
Ig;;rg;ea(iiii;e;fsssslif . LOW-GWP refrigerant (HFO Or HCFO)
pover and an inexpensive organic solvent
P — were used as a working pair for the
Refrigerant =
— LR refrigerant absorption process for the purpose of
_ A e improving the circulation ratio.
Chilled Water ze(E)

HFO-1233zd(E)
HCFO-1224yd(2)
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Measurement of absorption

equilibrium solubilities
(stationary condition)
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Cooling COPc
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Compressor
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Absorption equilibrium solubilities
measurement based on ref[1]

Vacuumed
Pump

|
CHLL
el L] 4
) ﬂy.‘_" /] )

: o : Equilibri
e B "eservor B cel "
Reservoir Equiliblll‘ium |
Ce - -
el B Calculation of the amount of refrigerant
Absorbent absorption from the change in the amount of

refrigerant in the blue and green volumes
when valve V3 is opened and closed, under
constant temperature

Ref. [1] Liu, et al., 2016, Vapor-Liquid Equilibrium of R1234yf/[HMIM][Tf2N] and R1234ze(E)/[HMIM][Tf2N]working
pairs for Absorption Refrigeration Cycle, J. Chem. Eng. Data, 61, 3952-3957.

Constant temperature area
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Measurement with the ionic liquid

used in ref[1] as absorbent

Refrigerant concentration (mass%)
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solution
(T,=35%C)
7.5% . o
@ _____ i T O
250 500 750 1000
Pressure (kPaA)

438kPaA
(Te= 10°C)

Refrigerant
concentration S
Refrigerant (mass%) CI::tLiloa(l-(;n
/Absorbent -
soIL(;?ogn % - x| =(100%-x,)
Xg y W /(XS-XW)
This
R1234yf work 7.5 1.7 52
HMIM][Tf2N
/IHMIMILTEZND - Ret 53 [ 55 | 18 53

T.=10°C, T.=35%, T,=35%, T,=80°C.

Ref. [1] Liu, et al., 2016, Vapor-Liquid Equilibrium of R1234yf/[HMIM][Tf2N] and R1234ze(E)/[HMIM][Tf2N]working
pairs for Absorption Refrigeration Cycle, J. Chem. Eng. Data, 61, 3952-3957.

m It is confirmed that the refrigerant absorption
concentrations are almost same as the results
of the past research.
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Measurement with the organic
solvent “Z"” as absorbent

Refrigerant concentration (mass%)
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B Itis confirmed that absorption concentration

is higher, and the concentration difference is
larger. So, the circulation ratio is improved.

PTx lines (NRTL model)
Enthalpy-concentration diagrams
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/— SC=0K
Condenser (=@ s s snnnnnnnnnnnnnn,
T.=30C :
Cooling Water Genera:g‘ Wk;(;fer "
F]SHEX=85°/0—\ SollluEt;on :
(based on weak solution) . [
Weak Strong A Ncomp-H= 75%
Solution Solution .
EV2 @ @ e Compressor Power
(Ele r'C't_Y) 4 High-stage) (Electricity)
T,=30C oump =207
= Cooli .
a Absorber [0 re? :
h. 4 .
Saturated vapor
separator llllllllllllllllllllllllllll
r]comp—L=750/0

EV1

Saturated liquid

Compressor

T,=5C

Refrigerant

(HFO or HCFO) '\

Low-stage)

_}| Evaporator \_
Chilled Water

SH=5K

When the quantality of

Power
(Electricity)

Condensing Pressure
Intermediate Pressure
Evaporating Pressure

Pressure and heat loss : none

waste heat is relatively small

The process simulation in case of
R1234yf/"Z" for the double expansion
flow

Estimation of Cooling COP_ based on
power and required generation heat Q, by
changing intermediate temperature T,
and generation temperature T,

The simulation conditions are as follows.
Evaporation temperature T, = 5C

Condensation temperature T, = 30°C

Absorption temperature T, = 30°C

Superheat at the outlet of the evaporator = 5K
Subcool at the outlet of the condenser = 0K
Compression efficiency =75% (=constant)

Pump efficiency = 50% (=constant)

Temperature efficiency of the solution HEX (based on
weak solution) = 85% (=constant)

Pressure and heat loss : none.

VVVVVVYVYYVYY
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0.765kg/s

SC=0K
/_

Q.=149kW
Solution
HEX

Nspex=85%—
(based on weak solution)
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Solution

e

EV2
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Absorber

Separator
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Compressor
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condenser i‘ EEEEEEEEESm
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2.827kg/s ! I 3.592kg/s

9 A

High-stage)

Power
(Electricity)

Condensing Pressure
Intermediate Pressure
Evaporating Pressure

R1234yf/"2"
Pressure and heat loss : none

Example of simulation

Neomp-n=75%

Compressor Power
(Electricity)

« Power of compressor (Low-stage) W, = 3.5kW
* Power of solution pump Wy, = 2.3kW
> Cooling COP_ based on power

= Qe /(Wcomp—L+Wpump)

=100kW / (3.5kW+2.3kW) = 17.0

=238% (vs. single compression=7.2)

+ Generation heat Q,= 205kW
> Required generation heat ratio

(vs. evaporation heat) Qg /Qe
= 205kW/100kW = 2.05
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Simulation
results

2.5
= 250% Previous
&  238% /o\u‘.[condition ——Tg=80TC . —Tg=807T
5 @ 5 ——Tg=70C —Prev!o_us —Tg=70C
% 8 ——Tg=60C ! ,/ condition ===Tg=60°C
a '5.2000/ - —Tg=50T _28°F : —Tg=50T
5 g il /O\R1234yf/”2" < R1234yf/"Z
)
g 2 o
g g i A o
° B 150% | . Q15 | i
o ¢ Local maximum value “O"” ' Lower T, higher
© 8 | against T,,, | generation heat Q,
N i 1
i / i [ T,=5%C, T.=30C, T,=30C i ' T,=5%C, T,=30C, T,=30C
100% Lo L. 1.0

1 12°C 1 1 1 1 1 1 1 1 L
D 10 15 20 25 5 10 12¢ 15 20 25

Intermediate temperature (°C) Intermediate temperature (°C)

15-18 May 2023, Chicago, lllinois 13



@

Process simulation gﬁﬁ&&agﬂ"&

Simulation
results
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B Cooling COP_ has the local maximum
value “O" against the generation heat Q,

Previous

B When the generation temperature T,
decreases, the maximum value of COP_
decreases. However, the required
generation heat Q, at that time is also
reduced.
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After measuring the equilibrium absorption concentration,

PTx lines and enthalpy-concentration diagrams were created,

and process simulation was performed in the hybrid refrigeration cycle which uses
low-GWP refrigerants and Tetraethylene Glycol Dimethyl Ether (“Z") as the absorbent.

B The circulation ratio using “Z” is significantly lower than that using [HMIM][Tf2N]
in case of R1234yf as the refrigerant.

B Under the simulation condition of this work, there is a local maximum value of
cooling COP_. based on power against generation heat Q,. It was confirmed that
there are the conditions that the estimated cooling COP_ in the hybrid refrigeration

cycle can be more than twice as high as that in the single compression
refrigeration cycle.
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Thank you very much
for your attention.

Corresponding author: Tsutomu Wakabayashi (Osaka Gas Co., Ltd.)
E-mail: twakaba@osakagas.co.jp
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