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Table 1.2-1 Research and Development Items

Item Title Overview
No.l | Performance Evaluation and Using our proprietary simulation technology to shorten evaluation
Selection of HFO Refrigerant time, we will study refrigerant types and compositions and estimate
Mixtures by Simulation their performance. Based on these results, candidate Refrigerant
Mixtures will be evaluated and selected.
No.2 | Evaluation and Selection of Stability evaluation of refrigeration oils and material compatibility

Refrigeration Oils and Materials assessments will be conducted to identify issues related to long-
term product reliability. In addition, appropriate refrigeration oils
and materials will be selected for the proposed Refrigerant
Mixtures.
No.3 | Compressor Design Based on the findings obtained from Items No.1 and No.2,
compressors will be designed using in-house compressor
development technology to ensure long-term reliability.
No.4 | Condensing Unit Design The following performance enhancement measures will be
implemented, and their combined effects on performance
improvement will be evaluated:

+ Compressor injection port design

* Injection control technology

+ Subcooling bypass technology

+ Air heat exchanger technology

* Optimization of fan design

No.5 | Prototype Development of Prototype compressors will be manufactured and preliminary tests
Compressor and will be conducted. In the event of any issues, improvements will be
Performance/Reliability made to the prototype compressors.

Evaluation

No.6 | Prototype Development of Prototype condensing units will be fabricated to evaluate and verify
Condensing Unit and performance enhancement measures. If any issues occur,
Performance Evaluation improvements will be implemented on the prototype units.

No.7 | Monitoring Evaluation under A condensing unit will be connected to display cases and long-term
Actual Store-Equivalent monitoring tests will be conducted in a test facility simulating
Conditions actual store conditions. Performance and reliability will be

evaluated to confirm that there are no issues during long-term
operation.
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Steering Committee
NEDO Project Leader

Sub Project Leader
external expert

Subsidized Project

Hitachi Global Life Solutions, Inc.

-Research site : Shimizu Factory

-R&D Item :
No.1 Performance Evaluation and Selection of HFO Refrigerant Mixtures by Simulation
No.2 Evaluation and Selection of Refrigeration Oils and Materials
No.3 Compressor Design
No.4 Condensing Unit Design
No.5 Prototype Development of Compressor and Performance/Reliability Evaluation
No.6 Prototype Development of Condensing Unit and Performance Evaluation
No.7 Monitoring Evaluation under Actual Store-Equivalent Conditions

Figure 1.3-1 Project Organization
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select a refrigerant

Application of Performance Enhancement Measures

No.1 Performance Evaluation and |::> No.4 Condensing Unit Design
Selection of HFO Blended Refrigerants —

by Simulation

@ select a refrigerant

No.2 Evaluation and Selection of

select a refrigerant

Injection Method Selection
Refrigeration Oils and Materials

@ select a refrigeration oil
V

No.3 Compressor Design

@ Prototype Unit

No.5 Prototype Development of Compressor

and Performance/Reliability Evaluation

Prototype Unit
! | yp N

No.6 Prototype Development of Condensing Unit and Performance Evaluation

@ Understanding of Actual Operating Conditions

No.7 Monitoring Evaluation under Actual Store-Equivalent Conditions

Figure 1.4-1 Correlation Diagram of R&D Items
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% Result

Condenser Capacity 18kwW
Suboooler Evaporating Temperature -10°C
Receiver Suction Vapor Temperature 18°C
Ambient Temperature 32°C
Liquid ' :
o Test | COP ( Relative to Current R448A) | 93.4%
i Equipment |
Compressor Rotational Speed 120%
G RO J (Relative to R448A)
U Suction
Compressor Accumulator

| Factors Causing COP Degradation |

*Increase in Pressure Loss of Suction Vapor
*Decrease in Compressor Efficiency Due to Changes in Compressor Speed

Figure 1.6-1 Drop-In Test of R474B on an Existing R448A Unit
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%> | @Review of Fan Geometry |

— > Improvement of COP
Condenser
102 100.0 05
Subcooler 100
Receiver o 98 28
T 96
- -------- * o 3.8
a 94
HX I o]
Liquid Test : O g2
es :
(Economizer)  Expansion Valve ! Equipment ‘ 90 93.4 93.4 93.4
Suction L"""i """" 28
S ' Drop-in Item No.1 Item No.2
U (DReduction of Pressure Loss ODrop-in BImpro.a @lmpro.b Olmpro. ¢
Compressor Accumulator in the Accumulator
No. Implementation ltems Improvement COP Ratio
- | Drop-In Test - - 93.4%
. a. Thermophysical COP Improvement by Increased +3.8%
@ Eedu,':t'fhn ?: PrGSSL:rEt} Suction Pressure 100.0%
0ss In the Accumutatory,, Compressor Efficiency Improvement by Reduced Speed| +2.8%
.| @ |Review of Fan Geometry|c. Reduced Fan Motor Power at the Same Airflow +0.5%| 100.5%

Figure 1.6-2 Cumulative Efficiency Improvement
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Table 1.6-1 System Configuration under Measurement

Condensing Unit Load Side
Our Condensing Unit Showcase Manufacturer’s Units
KX-T8AMV  Modified Unit for R474B + 3-ft chilled display cases X 5 units

* 6-ft chilled display cases x 3 units
* Walk-in refrigerator X 1 unit




Table 1.6-2 Performance Test Results under Actual Store-Equivalent Conditions

Current R448A R474B R474B
Ambient | In-Store Base Drop-in Compressor Change
Condition Temp. Temp. Power Average Power Average Power Average
C C Consumption | Compressor | Consumption | Compressor | Consumption | Compressor
Ratio Speed Ratio Speed Ratio Speed
Summer 32 25 100.0% 30 89.2% 35 89.2% 36
Daytime
Summer NT /
} 25 25 100.0% 32 94.5% 35 89.5% 33
Mid-Season DT
Mid-Season | 25 100.0% 30 95.8% 32 92.1% 31
Nighttime
Winter 12 20 100.0% 21 97.6% 25 84.1% 23
Daytime
Winter 7 20 100.0% 21 102.7% 23 89.2% 22
Nighttime
Year-Round 100.0% 95.4% 89.1%
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