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ABSTRACT: Energy efficiency evaluation method for a multi-type air conditioning system
still has not been developed. In this study, analysis on capacity range and evaluating method
of standards for air conditioners was conducted with world-wide Standards. It is not a proper
approach to use the standards for residential air conditioner to multi type air conditioners.
Some difficulties and problems are commented in this study with overview of the standards.
Through the analytic research, an evaluating method for multi type air conditioner was sug-
gested with Integrated Part Load Value (IPLV). The suggested concept for evaluating energy
efficiency during part load condition considers building load pattern and operating hours of the
system at different locations. Load was weighted in IPLV to consider not only the concept of
occurrence of outdoor temperature such as bin method but also operation hours of the system.

An experiment about the IPLV was conducted with variable air volume ducted type air
conditioning system and multi-type system through modified code tester to give a glance at
quantitative value of the IPLV.
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Table 1 Standards for air conditioner in the world

Standard

Title

ISO/DIS 5151
ANSI Z 2341

ANSI/ASHRAE 16

air conditioners

ANSI/ASHRAE 116 heat pumps

Non-ducted air conditioners and heat pumps— Testing and rating
Room air conditioners (AHAM RAC-1)
Method of testing for rating room air conditioners and packaged terminal

Method of testing for seasonal efficiency of unitary air-conditioners and
Method of testing for rating room air conditioner and packaged terminal

Unitary air conditioning and air source heat pump equipment

ASHRAE 58 air conditioner heating capacity

ARI 2i0/240

BS 2852 Testing for rating of room air-conditioners
AS 1861.1 Refrigerated room air conditioners

CSA C 368.1-M 1980
JIS C 9612-19%4

JIS B 8616

KS C 9306

KS B ISO 5151

Room air conditioners

Air conditioner

Package air conditioners

Performance standard for room air-conditioners

Ductless air conditioner and heat pump
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Table 2 Classification of air conditioner
Nation Title Standards No.
15O Non-Ducted A/C and HP ISC 5151
Ducted A/C and HP ISO 13253
USA Room A/C AHAM RAC-1, ASHRAE 16
Unitary A/C ARI 210/240, ASHRAE 116
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Package A/C (Power>3 kW, Capacity <28 kW) JIS B 8616
KOR Ductless A/C and HP KS B ISO 5151 (IDT)
Air conditioner KS C 9306
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Table 3 Distribution of fractional cooling hours
in temperature bins

Temp. Time Temp. Time
Noo el g N Te) [
1 24 85 9 32 35
2 25 94 10 33 24
3 26 105 11 34 14
4 27 101 12 35 9
5 28 32 13 36 4
6 29 65 14 37 3
7 30 59 15 38 2
8 31 50 Total 732
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Table 4 Regional air conditioner operating hours

Hours over 24°C during cooling season

Region ™26 27 28 29 30 31 32 33 31 3 36 37 38
Seoul 168 268 348 248 224 132 176 108 104 24 36 16 4 0 0
Busan 208 212 240 260 216 188 128 156 56 40 36 4 0 0 O
Daegu 120 180 204 220 264 188 152 124 124 152 44 40 20 20 12
Dacjeon 216 184 236 244 244 196 156 136 116 68 44 32 16 8 0
Incheon 304 364 206 244 140 124 132 64 4 28 4 4 0 0 0
Mokpo 216 224 232 288 212 164 156 152 76 44 32 32 4 0 0
Gangrong 224 168 228 220 96 124 104 8 68 4 3 8 4 0 0
Total 1456 1600 1784 1724 1396 1116 1004 824 588 400 232 136 48 28 12
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Table 5 Classification of air conditioning system with compressor type

Classification of system

Composition of compressor

Continuous load following operation
between maximum and minimum
capacity range

least)

Capacity modulating compressor (variable displacement)
Two compressor type (with one variable compressor at

On-off operation without continuous
load following at medium load
condition even the system has
maximum and minimum capacity

Two compressor type (combination of constant speed
COmMpressors)
One compressor with constant speed
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Fig. 1 System operating hours variation with
outdoor temp. at some region [ORNL].
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Fig. 3 Schematics of the experimental setup.

Table 6 Test results at part load conditions

Opening ratio EER ratio
(%) VAV type Multi-type
25 455 67.9
50 72.0 86.6
75 92.2 976
100 100.0 100.0
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