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ABSTRACT: In these days, importance of HVAC system in office building is steadily growing
in terms of thermal comfort and energy savings. As a energy efficient heating and cooling system,

system air—conditioner which can be controlled distinctly and has a high COP is more widely

adopted nowadays. However, the features and advantages of system air-conditioner were not

reported well because system air—conditioner did not describe yet by conventional simulation
methods such as TRNSYS, e-Quest, Energyplus, etc. In this study, by using the TRNSYS program

which is able to show module implementation and building energy consumption analysis, system

air—conditioner module will be proposed and validated through comparison between the simulation

results and measurement results.

Key words: A28l oo} 7 (System air-conditioner), E#A] 2= A &7 o] A (TRNSYS Simulation),
EE (Module), # % (Validation), F%%-3}(Part load)
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sdElo g 1the] A9 7] (outdoor unit)ol] the] 2
7] (indoor unit)E AAste] &3t WAolth

A28l ool AL olglef FE EXHOT A A
Aoz Ha a7t s gk
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o, AurlE A AAR A
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Table 1 Energy analysis simulation tools

Tools Feature Limitation etc.
Estimation of HVAC sys-— o
cQuest tem‘size and (;apacity, Esti- lefth‘ﬂty Oi '
DOE._o | mation of refrigerator capa-|SYStem CONtrol,
city, Analysis of energy d1ff19ulty (?f the
consumption and LCC consideration
- - for the effect
Energy Calc.ulatlon of heatlpg and of air flow on
Plus cooling load, Ar}alyms of en— building load.
ergy consumption and LCC
Prediction of thermal com-
fort index, Calculation of Less diversity
ESP-r |heating and cooling load, P "
Estimation of refrigerator of system
capacity
Estimation of HVAC size | Possible to
and capacity, Renewable make various
TRNSYS| energy system modeling, HVAC system
Energy consumption component
analysis module
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= FE dAHE AT Al A7

Table 2 Specification indoor unit

Performance Cooling 52 kW
Power_ Cooling 110 W
DU consumption
Air Flow 810/870CMH
Air blower i
Genera_tmg 800 W
capacity
Performance Cooling 23.0 kW
Power Cooling 60 KW
consumption
ODU .
Air Flow 10,200CMH
Air blower i
Genera_tmg 630 W
capacity

Table 3 Description of components used in

system air-conditioner module develo-

pment
Symbol Cornp.on.ent Function
description
USE; Data Used to read the data
reader such as text file
type9c
. | Calculate the moist air
Psychometric . . .
leulator properties with given 2
type33c ca conditions
@‘ Conditionin Read the external text
om ntg file, calculate the several
typed2 | CAHPIENL oo ables
Caleulate get the value from the
. typel6ba, then transfer the
cloudiness o
radiation value to the
type69b factor S
fictive sky temperature
Input the upper limit
temp.(Th), lower limit
Controller |temp.(T1), dead band value,
Get an output control
function value(0 or 1)
Building Basllc zone model for
type56b analyzmg
:_J Input the equation of the
L= Calculator |independent and
calculator dependent variables
il . . . .
A Online Display the simulation
== plotter result.
type6bc
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Outdoor DB temp. .
Part load controller(PLC)
R .
Schedules for lighting, power and occupancy, Indoor Unit A
Ventilation requirements and Infiltration rate
Indoor set points, Cooling schedule Outdoor Unit
Internal heat gain, room size
> . J—
Indoor DB, Indoor Unit B Sum 1% l
emp.
Multizone Indoor thermal conditiorfTemp, RH.)
Weather data g HeatingCooling load
Building model E !
. nergy consumption
(Type56b) > Indoor Unit C

QOutdoor temp., RH, Solar
radiation, Air velocity, etc.

A

Fig. 1 Simulation modeling diagram for the system air—conditioner.

A 2=E] oflojde Au7|e} Aeojr|2 FAE =,
A7) mdo= AW (Fig. 1 #Fa)e] AsxzAE

I MzAe] 21E dgste] A7) Wiks = (Coo-
ling Capacity, TC), AH] A8, TS &3
o] w] FEH3Ie] EAS Sl Y3 BREZA, A
2o wiste] wpeba] A7) Wiks=# gho] o
EA YLEE VM AATE T Fafs 24 2

E(Part Load Controller, PLC)S type422] equip-
ment XE5E FaA FH3ATH

Ae7] Rd(Fig. 1 #Fae A9 & - F% 27,
A F2Ee AUrI2RY itk TC gre=
SFE Ae]7] Av AEES A&t

o)y

IDU exhaust airfjill ‘.
DB,WB temp. mu
generator
(typed2b)

Multizone
Building model
(Type56b)

Outout

Indoor thermal condition
Heating/Cooling load
Energy consumption

Air flow rate Flow rate

ONJ/OFF control

weighted value ™ ] A
function generator btc
(type2b) (type42b)

T IDU_cal
ON/OFF signal

(a) IDU(Indoor Unit) module diagram

Multi-zone obuion

Building model heating/cooling
(Type56b) capacity generator

.

consumption
power
- | generator

Output

consumption
power

Weather data

(b) ODU(Outdoor Unit) module diagram
Fig. 2 Flow diagram of IDU, ODU.

3.2 Al 7[(indoor unit) 2& ZEE

Fig. 2(a)= AW7] 59 Al2=" =4 = (flow-
chart) 24, 7] Rd& FA3= T8 AXVE
+= building model(Type 56b), equipment data in—
put(Type 42b, 42c¢), output control function(Type
2b), calculatore] t}.

Type 33% %% 7|4 = (Psychrometrics) 2l A
Ao Arel =9 Aud we 67}X] (type 33a-
type33f) = ™, A A BlEE, ©
S, F7 ek, gy, Al 6714 T 2714
QAE F3 UHA 47HA ARE A, 53719

Rl & wlotsto] oy A& Aldtel €83 9=
FUEo|th & Al2E ooj (A7), A7) 2
AA type 33e2} type 33fE AHESFA

Type 33e(@D, @, D~®)= FlA O* st F 6
7 AE T WA 47 E ALtsr] gk dE w
S gA, A= FFErt AR E Ao, Type
B@) = ATF2Ee} FF2EE AMEFATH

—

AU71E 2dgst= AH8E Type 42be =9
ol FERGFTE 2h2E 270, Type 42c= 17091 9
Qg gelah PEET
TC= SCHXIDUflow X sig X p 1)
POWER= SCH X sig X ID Upower (2)
AIRflow _ SCHXIDUflow X sig X flowrate

Vim®) (3)

o171, SCH : A7) 25 2=A=0-1),

sig - on/off 215(0 or 1), V : A=A (m?),

p - AW7] WA A)A S (performance, kW),
IDUflow * &< ¥]&#H0-1),
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IDUpower : &40 & 42H]AHZHW),
flowrate : AW7] AF FZFHCMH)

Type 2b= D] A A Type 33ecl 23l 2 <]
AFLEE A =a, o] ghs A8 =5%(2607)
o} wlasle] AWr]el on/off X150, DE FE=
A58t aL, caleulatoroll Al (1)9] 21504 W73k
o2 fYHHr.
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2 s},
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7Vt s A A AT

“Calculator” ¥ E = Type 56bZEH-E A7)
o AF 2AEES Yol WG (variable) 2 AME
stof, (1) ~21(3)ell oJaf A7|o HAEF=F, TC,
AUz Ay ghE E9gith
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Fig. 2(b)& A7) 259 <A Z(flowchart)°]t}.

Ael7] mdlS A= T AXTEE equip-
ment data input(Type 42b), calculator®]t}.

o] 7], calculator(IDU)ol| A Adee A7 &
o] TC #E2 %< calculator(ODU_TC)el| A 7]
Akste] Type 42b(ODU) = A3, Type 42b(ODU)
= 2 Eog2RY AY F7EE 49(@®)w =T

JEre A FE7F Typed2b(ODU)OH A
TC %3 3 JEiFEA 18Ea HFAoR
Type 42b(ODU_POWER)oIA TC 3 Ao A+
ZEE JYol(®) ARHES = o & A

zeg
7] ApAle] A% AETC A ATLw] e

g 9re gaz Aystel ¢
Aol AY Ag el AF
C

Ea

=

o, JeE TC gholl weh de)7]e] F-5
ut &

o

Mo i

O

L e ok
2 1 E

]_

N
i

b
N
Mo
>
Mo
Rr}
o
rx
o
&
o
=

0

oL T
ok
~N
=2

I fo x

B
glolE 9 A2 o] €1 (2010.

b2 [ R e
)

off

:’013

2

Bl

)

»

oopf 1% o

T A7 87 m(width)<6.0 m(depth)x
4.1 m(height)°1™], 502 98 m” WA F3&
(24 mm pair glass, 269 W/m’k)7} 2t}

A Eg ol Al tA-F7re]l 29 (zoning)S Fig. 3
I o] & A ¢] Fow AT} Fig. 45 A=

36 700

@
3
S

@
S
S

(wim)uoneipe. sejos

'S
3
3

Measurement weather

w
s
S

simulation weather
data

Outdoor temperature(°C)
»
8

2
s

20 0
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00

Fig. 4 Weather data(8/3).
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CEAE -

A g A EH oA Fe] 714 HolEEN, A5 THA
2010 8¢ 3¥9 R ew AL Hu 341To]
], Gt 283 Co|ATh FHH YA S FH o 625
W/m’, 3t 75.82 W/m’len, i 2o 95.8%,
At 60.1%°| k. SHE 5 714 HolH (2 X%,
FE, dAEH)E Type 9c AIXIVES 18 &9 =
~E g2 g4sted gl
AL FRAMEA, F2 ) A% 2 Al =
(1A, 7171, &4 #EF, 2AS)S A5 A

A4S A8 Table 43 2t}

BN A

128 m o] 2A) =4/
8 Aol g 919 2zt A E s Qe ol Eo] A

Hol 7 Fo] e FRTeE FYHY L, A

Table 4 Simulation conditions

Weather Suwon, Korea(measured data, 8/3)
Data
B cooling 26.0C
A/C Set-temperature (+05C)
(IDU) i
operation 101 00~18: 00
schedule

Occupants : 7 persons, Activity
level : Seated, very light writing,
Sensible heat : 65 W, Latent

heat : 55 W
Per .
sons Ny
Ii?iz Fluorescent light : 22 EA
& (total 704 W)
Ligh
ting

0:00 200 400 600 800 10:00 12:00 14:00 16:00 18:00 2000 2200 2400
Time

Desk-lamp : 1 EA(total 20 W),
Equip. | Computer : 11 EA(total 2130 W),
humidifier : 2 EA(total 160 W)

:
S .

374 28l ERVE Z7H719] oy 2z 2 Ay
8712 98 WX o B Ao e Ad wa
o weetA ke 87197 A% =9, 500 m’/hr)
=Aozuk AL45g T

Azo qAFe i S8 S5 VREE 1
g Auyre] EE W FUeE EEFSE 55 o
A og 2o ofge Wi wa Ay
7], A7) AnAEE AR A&}

42 NEdold mde EIZd HFE 21

AlEY o] A5 dlolE7F g1E o] 9l 20104
89 3¥¢(10:00~18:000% tigez HAATS A,
Al E# ol A time-step 18 Aoz 3353}
TRNSYSE &3 Al2=Hl oozl 25 24 9] gy
e AT fEA AlEeE oA dEFA s A=
of HuEALE HugEo == FARRIICRS: B 7!

421 Al 2ged S4 vl

Fig. 55 Al EdelXHo =z Ed Ay =& - 529
AS5e e g zolnh, A5 A S 11
m Eolo AAHE 25k AMZEEH FAHACH,
I @92 A%E delgE atgez S48t

(a) AS5ATANA dH257F 260C=E AU
Tollle i WEs obe A Al2d ool 2
Z=Al] 54, 5 on/off Alojel <] Felr

AlEH ol AL o]e} ZEo] on/off A|o]E HAISHIL
Jov ASF efzbe] Apolrh Ask= A2 A
oo BEAUY 3 S £8d x5 2
3t ¥ (temperature field)7F 4 stohal 74 s17]
el AW 11 me] 2x¥sE VEeR s A
SA b ofz vhEA YEhA N ARt o s AlE
ol Aol A=A7F v dAskar

(b)e] Aulsse adZollA =, ddises 25

x| oF AlEH o)A Aol A Hul 13% 2ol 7F WA
oA 10% 1 Rke] zpol 7} vpar A
| fAFEHAl vkt el g Aol

o
ol Wi F7HHQl A=V 22
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(b) fluctuation of humidity
Fig. 5 Comparison between measurement and
simulation result : indoor thermal

environment.
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result result

Fig. 6 Comparison between measurement and

simulation result : energy consumption.
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