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15) Dongliang Zhang, Xu Zhang, JunLiu, Experimental study of performance of digital variable
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Non-ducted air conditioners and heat pumps - Testing

ISO 5151 and rating

Multiple split-system air—-conditioners and air-to—air heat

ISO 15042 pumps - Testing and rating for performance

Method of testing for rating room air conditioners and

ANSI/ASHRAE 16 ) . ",
packaged terminal air conditioners

Method of testing for seasonal efficiency of unitary

ANSI/ASHRAE 116 . o
air—conditioners and heat pumps

Method of testing for rating room air conditioner and

ASHRAE 58 packaged terminal air conditioner heating capacity

Performance Rating of Unitary Air-Conditioning
&Air-Source Heat Pump Equipment

AHRI 1230 Performance rating of Variable Refrigerant Flow (VRF)

AHRI 210/240
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Multi-Split Air-Conditioning and Heat Pump Equipment

BS EN 14511

Air conditioners, liquid chilling packages and heat pumps
with electrically driven compressors for space heating
and cooling

BS EN 14825

Air conditioners, liquid chilling packages and heat
pumps, with electrically driven compressors, for space
heating and cooling. Testing and rating at part load
conditions and calculation of seasonal performance

BS ISO 15042

Multiple split-system air-conditioners and air-to—air heat
pumps. Testing and rating for performance

CSA C 368.1-M

Performance standard for room air-conditioners

AS/NZS 3823.1.4

Performance of electrical appliances — Airconditioners
and heat pumps Multiple split-system airconditioners
and air-to—air heat pumps - Testing and rating for
performance ( 1ISO 15042 MOD )

GB/T 18837 Multi-connected air-condition (heat pump unit)

JIS B 8616 Package air conditioners

JRA 4033 Multi split Air—conditioner

JRA 4049 Calculation method of ammual power consumption for

multi split air conditioner
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<¥ 29> [EER R 25535 ¥4
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29 %] MEA Tt
N SEEREE
Alpgg 17m(L) x 12.2m(W) x 2.7m(H) : HIEfE X 207.4m?
x4l ol 2l 2524
s A4 7| 2+ Huk 6 12 T 9g 30¢, R 11 12 T 29 28¢
MYE=2E ek 27°C, Het 20°C

115w/l

-Sensible Fraction : 0.6087 (&1 70W, && 45W)

2l A ~Radiant Fraction : 0.3652

ASHRAE 90.1 Office Building, Activity Typing 7| &

10.5W/m?
L& 2 ’
[m}
xS ASHRAE 90.1 Lighting Power Densities(LPD) Enclosed Office
71&
6075W
77|

ASHRAE 90.1 Small Office 7| = Desktop computer, Monitor,
Laser printer, Fax machine &&2f 12

MAXE | AM 800 ~ PM 12:00, PM 1:00 ~ PM 6:00 (F5¢)

2HE =g AM 8:00 ~ PM 12:00, PM 1:00 ~ PM 6:00 (F5%!)

7171 AM 8:00 ~ PM 6:00 (F5¢)
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<IE 42> 8HH % R2/F Mz Hol M Y =SMX|
150mm Con‘c Wall | 0.15 1.95 2240 09
Foil 0.0095 0.52
Insulation Glass 0.075 0.042 120 0.8
Q| e
Gypsum board -1 0.0125 0.16 640 1.15
=
Gypsum board -2 | 0.0125 0.16 640 1.15
150mm Con‘c Wall | 0.15 1.95 2240 0.9
Cement Mortar 0.018 0.72 1860 0.78
LH &
200mm Con‘c Wall 0.2 1.95 2240 0.9
150mm Con‘c Wall 0.15 1.95 2240 09
Sl
Vinyle Tile 0.003 0.009
150mm Con‘c Wall 0.15 1.95 2240 0.9
ME Ceiling Air Space 0.665 0.18
Non-asbestos tex 0.06 0.064 500 0.9
6mm Clear Glass 0.006 0.9
el 12mm Window air | 0.012 0.15
6mm Clear Glass 0.006 0.9
—_ 65 —
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4.2.2. AIdAS HHE A% A" A

oo oM HEE 2r)dY FEAZT A AE Ao LAY 2
A

& Al9] peak-up load®} &7 F o|7]A] K3k Fabol gk o5, 18]l A
= AFEe £ wE o]f= Ax AUYEIHT A|A"el Iprpgsk

(oversized system) A %= Ao

| dibdolt}, o= FEHFsHE] dFS
A HH Al2E olUA] deolle = € 7 e Ae® dudn. net

(1) AlEdolA AUEs AAke] 2]3t ideal system
&
-

=5

= 714Hd|olE 7]#£ 2. & EnergyPlus Auto-Calculations o] &
ko], AA7F o) F&h(8Y 20Y 14:00A] 7 S 1183k A AElo] gk
< AHAskgl o, AlaEle] Wk 85F2 (3 4.3>0] YERE uble} o)
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ol
o

< 43> A Z8 0ol HUESH A ioll 25t ideal systeml

16.0kW 16.0kW

(2) AA A" AARHoZ =& ¥ oversized system

A28l 27] 7bE Al9] peak-up load®t &4 F o7]A] gt F-afel oigt
s, AlF AlFe &3] W o] F=2 AA AYyH-strtl AlxEle] dohgaf
AAE wrgstz] ste] 2% ol Al dAhole] AlAE A R A2
sl A W8S vtgos [1§] 4.2]9F o] A|~'S AASSI

Ho Fof ko] AL =Tl ZlEel A AT dE Sk mE ek a4
H A s A&ske] A s AR ALk Sl AAAF A A ALS

= F3F A4k sheet o] €3t om, [19 4.3]¢9F 2o AAXAL 1719
A9 A9 31.2°C, AU 27°ColH 7)o AL A9l -11.3°C, AUl 20°C=
=

stk W Hslo] didk k& 10% A8 Al, A A3 o g
897kcal/h, H o WE-3} 17,823kcal/h® AHE5 A}

A7l Types AAsHE A E, AR de] BaL Ao &%7F AL
A9l AE ndste dway BFYe® AT Ay g 2L S5 At
= d Horet 18,897kcal/hs 7|50 2 ASHRAENA A A 8haL
U AR AR AF 71 40dBe LEste] Al AlE T 3 td &%

4730kcal/hQl AW7] 4E HAA AT}

T

o,
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<I 44> AEold Hd

2351 o] ©f

S
)

oversized system2| Z2F

18,920kcal/h (22kwW)

22,020kcal/h (26.5kW)
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- HerE Sh(peak) : 18,897kcal/h
- R SHpeak) : 17,823kcal/h
- 4way Type
wAlol BT AIRAlo|D RAlelglo] ez
4way Type M

oo

b 18,897kcal/h( &) 7| &20)
MUUALR A &F 7| F(ASHRAE) : 400B

|& d& 2ol 4o vl x|

J
rl:l
d
\J

- AMRE AU | dekge] & B 4730+4=18,920kcal/h
N _

- Mz 8%
18,920kcal/h (22kW)
H2h)22,020kcal/h (25.6kW)

- ol & JHojsizt 2ol 100m/ XXXt 50m

(32 42] AlAE MAH 2 (oversized system)

A7) S EEEIE] A ES e Py
H) 9460kcal/n(11.0K
o () 0448 5kcalh(10gokw) | =) S480Kcal(it.Okw) 47/82
(=H 11010kcal/h(12.8kW)
(d) 4730kcal/n(5.5kW)
%) Aty (&) a72430caliG.490) | o TR 31/28
% &
I ,a-] k-
-i‘\-\.,_'..rl-"" .'.:.



> PROJECT

AIR CONDITIONING LOAD ESTIMATE

1205.0|
5.85 0.69 986 | 216.9 | 356 398.0]

4
o
a

1380.2
538.7

81.3 1 993.8
31.8 1.k 492.2

10 30.0|
0.7 446
143.8

45.0 53.6
66.4 111.0
139.3 129.0]

53.6
111.0
129.0

>AC 31.8 1 167.7
31.8 1.2 389.7
31.8 8393.0

2006

2485 2690,

2,438

4.1

0.0072

[l

ool

TR A=

fo, |2

14,868

8,506

18,374

43] ZUY MAAZAOAM ALRSHE
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(3) A" 4 AR

O

AN Eol Ao HEH A|2ElY] AlYLS <F 4.5>9] YERG bl gon] 2
7]

rr

Py Ay FFow A5 Ao st

HEH(EA) 16.0kW 22kW
ds
eEH(E ) 16.0kW 26.5kW
ERMESEL) 329
kel
e (E ) 3.55
SHAEUE) 0.86m*/s( &) 0.97m’/s(&H)
Heed 3 5 (HF2% 7°Colsto M2t I7t3)

4.2.3. A|=H9 YA A5 FF A A AEHCIAE HE HE

() A" 24 Aol o3 A28 s A

[on Y
SERZ Azge] AAASE A5A7 A S LE(GUY Lws} 9
A E2IE 7R Aol ghell efsto] dujHor AT, At V(AT

A28, g o] W wAR] S Wi o delx ek
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(2) Alz=Ele] AdAS H7tE 9e mde 71y 9 COP Akt ek A&

S| EFZ A 2HY] o x| & YEME W o2 COP(Coefficient of

)

performance)®} EER(Energy Efficiency Ratio)Z& A3t} COP9} EERS
thol o] xpol2 A Qs A4 L LEAQ ouli= Eols}, T dAE &
& w@9le] Aol argehA kil £ datr
U] 49 EERE T2 Abgste] W B W oS FAIEH
H ATodM = HEE g7]dd 9
de AE=RA, COPE AREstaLat s Ak ah d9j= 4. D)3 £

do
2
=
oF
1o
o

_{

O
©)
—d

[
fakid)
[k
>
[»
jait)
o
2
vl
>
oX,
olr
fijo
T
iu)
=
rlr

AdE Wbt A2 d (W]
AEPNAS7], W AVDANAE + A A + Alelanlde (W] (4.1)

7199 S| EFZ A 2EY oA e AW st B A& &

AE W EnergyPlusol A+ thekslt b4 %27 Wzl wE A

2Ee] o YA S (COP) AR E Fitiat& ALt daglss Algsta
B

Z2aw 4 WYY /99 dEs

:
i
o,
=
Lo
%
i

X OA=EE T 71 delH
(Weather data), ™% 2 (Multi-zone), 2W”7](Indoor Unit), 41<]7]
(Outdoor Unit)® -4 |t =, a4 ot &xtel s g3 AAZ0S

gato] % A(Multi-zone)s T/d3kaL, 7] dolHe] 2% 9 F5&, AL

o]
H T
% 5o 4uk 7 A Agdh

2HE W A &FE, 7 A9 Au|ERE FaE Yy A 9P g
24 Ae7le] andYas AEw)
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EnergyPlusoll A= 9] 7] &3 F-Eishao] ol el A xFe] Aol
[ex]

Aoz Wk AHY F7)

TE= Al T3S vERA
AREAZE 4k A7) B A7) A &% B AA COPe ¥ Al A
= 2% 26.7°C DB/ 19.4°C WB, ¢ & &% 35°C DB / 23.9°C WB9]
Wk Al A & % 21.11°C DB / 15.55°C WB, 29 & &%
8.33°C DB / 6.11°C WBY z73te] Alx®l &3 47 COPE ek

N
=5
N
[@)]

V
2
3
[0)
)
D
O
'®)
le)
)
x
>
o
4o
rok

[E

il

|

IS
i)

I

N

10

oM

]

Mely| Wby M2 8% W

Wkt K24 COP [W/W]
(MU 2uHH oz

—

2o st 82 28 =M
(Temperature - Capacity Function Curve)

250 st 22 EX 2 M
(Temperature — Capacity Function Curve)

ol i of4x| Folujg 2F =

Al9|7| 2
7l (Temperature - Energy Input Ratio Curve)

S EEstH|gd st ol X Felulg 2 M
(Part Load Fraction — Energy Input Ratio Curve)

28) EnergyPlus Input Output Reference #|-&
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E 47> Nagel 434

—

EFn

VRFTUCo0ICapFT=0.504547274+0.0288891279x-0.0000108194187
x2+0.0000101359395x3  (x=indoor WB)

Temperature - Capacity Function Curve
{Cooling - Indoor Unit)

=

VRFTUHeatCapFT=-0.390708928+0.261815024x-0.0130431603x2+
0.000178131746x3 (x=indoor DB)

Temperature - Capacity Function Curve
(Heating - Indoor Unit)

is8 2
i8
m| s
12 14
1 12
" 5 2
o8 oE
) o5
0.4 04
02 02
a o
o 2 4 B 8 10 12 14 16 18 20 22 24 26 28 4 & 8 101214 16 18 20 22 24 26 28 30.32 34 36 38 4D 42 44 46 48
e =
VRFCoolCapFT=0.6867358+0.0207631x+0.0005447x2-0.0016218y-0.000 VRFHeatCapFT=1.014509599-0.002506708x-0.000141509x2+0.026931595y+0.00
0004259y2-0.0003392xy (x=indoor WB, y=outdoor DB) 000183638y2-0.000368147xy (x=indoor DB, y=outdoor WB)
Temperature - Capacity Function Curve Temperature - Capacity Function Curve
{Cooling - Outdoor Unit) (Heating - Outdoor Unit)
16 14
12 1z
@ o] %L_“‘-“_h_‘__ i
1 __—_——&“—_—_-—-_ oa
o8
o6
08
o4 o4
0.2 02
o o

24 26 28 30 32 38 35 38 40 42

Indoor WB 24°%C

indoor WB 15°C

indoor WEB 20°C

-20-18 -16-14-12-10 -8 6 -4 -2 0 2 4 6 8 10 12 1

indoor DB 15°C indoor DB 20°C Indoor DB 27°C

Ern

VRFCoolEIRFT=0.1435147+0.01860035x-0.0003954x2+0.02485219y+0.00
016329y2-0.0006244xy (x=indoor WB, y=outdoor DB)

Temperature - Energy Input Ratio Curve

=

VRFHeatEIRF T=2.504005146-0.05736767x+0.0000407336x2-0. 12959669y+0.0013
58392+0.00317047xy (x=indoor DB, y=outdoor WB)

Temperature - Energy Input Ratio Curve

(Cooling) (Heating)
14 3
12 25
® 1 /// 2
08
is
06
04 =
02 L=
0 o
i 18 20 22 258 28 28 30 3z 34 36 38 40 42 -10 -8 -6 -4 -2 o 2 4 6 -3 10 12 14
Indoor W8 15°C Indoor WB 20°C Indoor WB 24°C = Indoor DB 15°C indoor DB 20°C Indoor D8 27°C
g =T
CoolingElRLowPLR=0.4628123-1.0402406x+2. 17490097x2-0.597481753 HeatingEIRLowPLR=0.1400093+0.6415002¢+0. 1330047x2+0.0845850:3
Part Load Fraction - Energy Input Ratio Curve Part Load Fraction - Energy Input Ratio Curve
(Cooling) [(Heating)
12 12
>3 1
4
o8 0.8
06 06
o4 04
0.2 0.2
o o
o 01 oz 03 04 o5 06 a7 0B 09 1 o D1 a2 0.3 o4 cs 06 a7 o8 o9 1

29) EnergyPlus A&
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Zone

Indoor Unit —

Outdoor Unit

Part-load Ratio

a

Power
calculation

Total Outdoor
Unit Power

Total Indoor Heating/Cooling Capacity [W]

1) (2)
Total Cap.
Indoor Temp. < Indoor Temp. i
Capacity Capacity "
——————————— i Outdoor Temp. P i
Fan On/Off calculation p. calculation
sig.
Indoor Temp.
____________________ Power >
Fan On/Of calculation
sig.
Total Indoor
Unit Power
X COP =

[Z12! 45] o} time-step COP A4t &2 &

_77_

Total Indoor Unit Power + Total Outdoor Unit Power [W]



7h AW S AR

s 94E West A A Fet 2 Al &=7F AkE T A7l (Indoor
Unit)= AlAbe Ao FF(E AD 2 AF0dE A 255 dd wol, ALE
A7 48 AL wol nluste] AlAEle] on/off ¢HE A
AY &FEE dEtel Ay HE 255 9 FFE 298] A (Zone)
2 Agst= Y= (Feedback) HAE AXIH

u71e] A7 g5 A=E A gAlA AAE o] AREAF A s
grolth, AlEd o)A Aol e e Al2Be] -8 (Temperature-Capacity)
54 S4E A&ste] Al 2= Wstel e e (H eI Atk &

(@]
3k, AYr)e] 2E 2AZEH on/off AEE Yol Ar] ANAY FHS

- Material property

- Outdoor DB . Schedule - System schedule

- Outdoor WB (occupant, lighting, equipment) - Rated Capacity

-RH - Internal heat gain . Temperature—Capacity Curve
- Solar radiation - Ventilation / Infiltration - Rated Energy Consumption

- Air velocity - Indoor set-point - Maximum airflow rate

! i !

Indoor Temp. .
Weather Data < Indoor Unit

<«

A 4

A
A
N
[=]
=}
o

Fan On/Off sig.

Heating/Cooling Capacity
Indoor Unit Energy Consumption
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N
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>
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A 5 AR
29)71(Outdoor Unitys Al & A4kl A 4% € 7 49] @ ()2
o % Fol s gusl W7 7 Ao A ATLE L FFLES 9 W

/)
U R g A9 5 8%

Input Ratio Curve)o] ¢

=%

- System schedule
- Rated Capacity
. Temperature-Capacity Curve
- Rated Energy Consumption
- [ Temperature-Energy Input Ratio Curve
- Total Heating/Cooling Capacity - [@ Part Load Fraction-Energy Input Ratio Curve

; l

A\ 4

Weather Data Zone Indoor Unit Outdoor Unit

| A
| Indoor Temp |
L J

Qutdoor DB/WB

Outdoor Unit Heating/Cooling Capacity
Outdoor Unit Energy Consumption
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A EEREE WAL SHse] AHHE A% AFEAID A Azmge] 43
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ABSTRACT

Thermal Comfort Analysis on a Space and
Seasonal Performance Evaluation of a Building with Multi-type Air
Source Heat Pump System
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According to increase quality of life, demand for thermal comfort in the
space and the energy saving of air conditioning increased. As a result,
heating and cooling system which can reduce energy consumption as well
as thermal comfort has been desired. Multi-type air source heat pump
system, which is mainly used in small and medium-sized buildings, is known
as cost—effective and thermally comfortable system. However, in practice,
the issues of inefficient energy use as well as thermal discomfort have
been discussed. Simplified design and application process for Multi-type air
source heat pump system can cause an occupants thermal discomfort and
high energy consumption problem. In this study, the actual characteristics of

the occupants' thermal comfort related to draft and seasonal performance
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were analyzed under the operation of the Multi-type air source heat pump

system.

The results from this research are summarized as follows :

(1) In case of the space 4-way type unit was applied, thermal discomfort
ratio of Effective Draft Temperature(EDT) was 23% (0°C), 30% (45°C) and
73%(60°C) for each vane angle. The result indicates that there are
significant difference of air temperature and velocity in each occupants'
position. On the other hand, In case of the space diffuser type unit was

applied, thermal discomfort ratio was only 2%.

(2) When the 4-way type of multi-type air source heat pump system is
designed, it is applied without careful consideration about air flow velocity,
air flow range and proper setup position. As a result, difference of thermal

comfort occurred according to occupants' positions.

(3) The result for comparison between the seasonal performance factor
which is calculated by current regulation and actual seasonal performance
factor indicate 1.5 and 0.9 differences each. Since the current regulation
suggests the calculation method for seasonal performance through simple
arithmetic average under certain conditions, it is difficult to represent
seasonal performance factor of multi-type air source heat pump system

which have variety of COP according to environmental conditions. Also,
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Integrated Energy Efficient RatioIEER)’s coefficient is not fully reflected in

Korea Weather.

(4) Seasonal performance factor of oversizing system was calculated
about 0.4 lower than ideal system. Since the capacity of system over
designed, system operates low part—load condition, so that overall energy
performance were low. Capacity of multi-type air source heat pump system
have to be design appropriately to minimize the decrease in system

efficiency.

(5) From simulation results, COP changing patterns and part-load ratio
patterns were very similar. However, part-load ratio is not changed linearly
to the ambient temperature change. Other words, the various combinations
of ambient temperature and part load can occur. Therefore, to calculate the
seasonal performance factor which is close to the actual seasonal
performance factor, not only climatic conditions of the area where the
system is applied are considered, but also required to reflect the weight of

the portion close to the actual load operation
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