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INTRODUCTION

In Japan, we have the highest level technologles for natural refrlgerant use In the world.

CO2

* Residential heat pump water heater
o Commercial heat pump water heater
 Car air-conditioner

» Show case =
» Bending machine o Sy . .l
NHs3 ) ) CO: Residential heat pump CO2 Commercial heat pump  CO: Car air-con. CO:2 Show case
* Industrial refrigerator i
HC Prickbbid
- - - o ) gy, PascalAir
« refrigerator for residential use pestiniony 4l
Water ==
« Centrifugal chiller E ol
« Absorption chiller S— | — . o
- Absorption heat transformer CO:2 Bendlng NHs industrial refrigerator HC re5|deﬂtla~refr|gerator Air cycle ref.

Air
 Air cycle refrigerator
» Desiccant air-conditioning

H20 Centritugal chiller Absorptlonchlller Absorption héatnsformer Desiccant air-conditioner
Development of these systems are supported by fundamental R&Ds
e Heat and mass transfer
* New devices development -heat exchanger, compressor, ejector......

e System technology —system development, simulation, control.....
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FUNDAMENTAL RESEARCH
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NEW DEVICE DEVELOPMENT
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NEW SYSTEM~ABSORPTION HEAT TRANSFORMER
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Fig. Double stage absorption heat transformer Fig. Results

(National project by NEDO)

With this cycle, 180 “C steam can be produced fro 90 oC waste hot water.
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NEW SYSTEM~

Evaluation of CO, refrigeration system for convenience store
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Fig. Cascade refrigeration system SANDEN
National project by NEDO
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NEW SYSTEM ~CENTRIFUGAL CHILLER

AWHASEDA SHITO LAB.

Feature
» Water is refrigerant

«COP5.1

o Oil free

 Cooling capa. 100 USRT
30T *35'0

SRS
0 6kPa

# 1kPa

7C L 12C

Fig. Water refrigerant centrifugal chiller
Produced by Kawasaki

* New compressor for water refrigerant is developed.

 All most the same size with conventional system.
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NEW SYSTEM~CO, HEAT TRANSPORTATION

Heat transportation system whose refrigerant is CO,

Conventional Objective

Spot cooling

Server rack (blade
server)

Hot spot inside unit

Overall air C — overallair  “SsA >
conditioner gy pply air LB | C}dllmg co\;ditionler || 7ei|Lﬁ@J :
5 —F - v I e VY 3
ARG 8] :
l = X = |
Floor Floor
Fig. Conventional data center Fig. Spot- air conditioning system
(Overall air-conditioning method) (combining spot cooling unit
Hot spot occurs m) some server stops with overall air-conditioner)
Fan power increases Energy use

Temp. of circulated air decrease increase
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NEW SYSTEM~CO, HEAT TRANSPORTATION

Condenser

< Spot cooling system consists of

o chiller

e heat transportation system

> e spot cooling unit

; % To realize effective spot cooling method,
gl — heat transportation system is very important.

Air cooling Water
Chiller unit  tank

Chiller CO,t

This system has very good potential with
Heat transportation  higher performance because CO, is good
system transport medium.
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NEW SYSTEM ~HC EJECTOR SOLAR COOLING
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Fig. Ejector heat pump system Fig. Simulation results

This system is ejector heat pump system without compressor.
This system can be driven by solar energy.

The best refrigerant for this system is ammonia, then HC.
We are going to realize this system with nanljorql refrigerant.
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-

SIMULATION TECH. ~HEAT EXCHNGER
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Fig. Results of condenser

We develop the system simulator “Energy
flow +M”. This simulator is user friendly

because this uses GUI.

This simulator can calculate performance

of heat exchanger with high precision.

Fig. System flow
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SIMULATION TECH. ~SYSTEM1
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Fig. Simulation results
For dynamics of comp. cycle
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Fig. Simulator “Energy flow+M”

With this simulator, we can change the refrigerant easily.
We can estimate every performance of the system that uses different refrigerant.
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SIMULATION TECH. ~SYSTEMZ2

Table Exp. & Sim. result (Rated cooling)

Refrigerant| R 410A HC 600a
(Original) (Drop-in)

HC drop-in test.

° Exp. Sim. Exp.  Sim.
OIS 2.84 2.83 0.887 0.877

capacity,

Fig. Using R410a system for drop in test kW_
Table Theoretical compression cycle =gl 0.69 0685 0177 0.173
Original Drop-in kwW

Evaporation temperature, 10.0

4.11 413 5.00  5.07

Table Exp. & sim. result
(Half load cooling)

Refrigerant R 410A HC 600a
Original Drop-in
]

Condensation temperature, 45.0
Sub cooled temperature, 5.0

Super heat temperature, 5.0

Adiabatic efficiency, 1.0

6.40 7.13 Exp. Sim. Exp. Sim.
Cooling 136 147 0370 0.430
0.0061 0.00357 capacity,
“kal(s- KW
HC is very good refrigerant theoretically. E.:?Sﬂrtlc 0.250 0.260 0.0836 0-%96
But only with drop in, the performance is getting worse. KW
We are now trying to optimize the air-conditioner with HC A
by simulation. 13 |
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SIMULATION TECH. ~SIMULATOR
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