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ABSTRACT: This study is intended to analyze the thermal performance and evaluate the
applicability about non-duct type heat recovery ventilation system integrated with window.
Eventually, economic analysis of the system is conducted according to building energy saving ratio
of it. As results of the thermal performance, the U-factor of the window conducted on the basis
of KS F 2278 appears to 1.8 W/m’'K, and the effective heat exchange efficiency of the ventilator
conducted on the basis of KS B 6879 appears 49.95% for cooling, 66.89% for heating. In the
applicability evaluated by TRNSYS 16, the caes of applying the heat recovery ventilator integrated
with window is found to reduce the cooling or heating load by 2.9% or 13.5% than the
non-ventilator case. The results of economic analysis taking a side of consumer is verified as the
payback is 3 years, and the accumulated earning is 1,408,133 won in terms of ‘600,000 won/unit’

for initial cost, 10 years for useful life of the system.

Key words: Heat recovery ventilation system(#] € 3]5=3t7]A] 2~€l) Window(*3 %), Energy
performance(o] 4 X A %), Economic analysis(ZA A4 H7}), TRNSYS(E @A ~)
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(a) Diagram of ventilator integrated with window.
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(b) Heat recovery ventilator for analysis.

W = 303 mm
D = 108 mm

(c) Element core.

Fig. 1 Ventilator integrated with window for

analysis.

Table 1 Specification of window for analysis

=z

Window
Frame depth 195 mm
Overall area 4 m'-2 m(H)*2 m(W)
area ratio 0.39(frame/glazing)
Glazi 26 mm Low-e
azing 7 mm CL(outside)+12 mm Air
composition

+7 mm Low-e(inside)

Heat recovery ventilator

Input Power 12 W

Maximum

Air Flow 150 CMH
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Fig. 2 Measuring U-factor of window.

Table 2 Results of measuring window U-factor

Measuring factor Results
Air Cool chamber 0.14C
temperature Hot box 20.29°C
Heat transfer Cool chamber 20 W/m'K
rate of surface Hot box 9.09 W/m'K
Qunio ofbeat— ootan w
U-factor 1.80 W/m'K
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Table 4 Results of heat exchange efficiency
for cooling

RA° RA OA OA SA ©SA

Factor (DBT) (WBT) (DBT) (WBT) (DBT) (WBT)

Temperature(T) 2392 1694 3496 2397 2710 20.48

Air condition

AH(kg/kg') 0.0093 0.014 0.012
RH(%RH) 49.88 40.52 55.29
Enthalpy (kj/kg’) 47.83 72.25 59.32
Heat exchange efficiency
.. . Barometric
Efficiency of se£151ble heat 71.22 pressure  750.98
change(%)
(mmHg)
Efficiency of laten heat Leakage
change(%) 36.90 rate(%) 6
. . . Supply air
Bfective eﬁg;f“ecy(;g ol 4905 flow rate 150
e e (CMH)

Table 5 Results of heat exchange efficiency
for heating

Fact RA RA OA OA SA SA
actor (DBT) (WBT) (DBT) (WBT) (DBT) (WBT)

Temperature(TC) 2193 1384 236 047 1727 10.27

Air condition

AH(kg/kg") 0.0066 0.0032 0.005
RH(%RH) 40.29 70.56 40.56
Enthalpy (kj/kg") 38.94 10.35 30.02

Heat exchange efficiency

.. . Barometric
Efficiency of sensible heat
efficiency. change(%) 76.16 pressure  752.73
(mmHg)
Efficiency of laten heat 5233 Leakage 6
Table 3 Environmental conditions for mea- change(%) ’ rate(%)
suring heat exchange efficiency of : - Supply air
1?g a ang ncy Effectﬁveteffllmency( ;g total 66.81 flow rate 150
ventilator e diEnge 6 (CMH)
Indoor
Class. DBT WBT Enthalpy AH RH 4, A7t BSE 2T "ot
[TC] [C]  [kJ/kg'] [ke/kg'] [%]
Cooling 24.0£0.517.0£0.3 4764 0.00924 49.66 A3 VA ~E B35 o] Ao E AE
Heating 22.0+0.513.9+0.3 38.86  0.00658 40.13 Wbl A E42 2EesTYs dides
TRNSYS 16< ©]-&3 Al&dolds AAsAH

Outdoor

Class. DBT WBT Enthalpy AH RH
[TC] [C] [kJ/kg’] [kg/kg']l [%]

Cooling 35.0+0.524.0£0.3 71.78  0.01426 40.36

Heating 2.0£0.5 0.44+£0.3 10.20  0.00327 75.07
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Table 6 TRNSYS 16 Input parameter

Month 1 2 3 4 5 6 7 8 9 10 11 12
Weather Temf%rfmre 13 05 57 123 175 218 253 260 205 145 67 10
data -
I?E}’};téo)“ 7238 8437 12,780 15622 18381 16,232 12,862 16267 11,549 11,006 7,367 6,478
iz?t?r?; Tﬁgﬁi’n{;r T((;:(r)r(l)ﬁl)i.n;or Lighting Equipment Human Air change rate
22°C 26°C, RH 50% 4 W/ 14 W/m' 22.4 m'/person 0.7/h
Sehodule _TiMe 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
of Hum. 1.0 1.0 1.0 1.0 1.0 1.0 0.7 0.4 02 0.2 02 0.2 02 0.2 02 0.2 05 0.5 05 0.7 0.7 1.0 1.0 1.0
Internal  Equip. 0.1 0.1 0.1 0.1 0.1 0.3 05 05 0.5 05 0.3 0.3 03 0.3 0.3 0.3 0.3 0.3 09 0.9 0.9 09 0.3 0.3
BN Tighting 0.1 0.1 0.1 0.1 0.1 0.3 0.5 05 05 05 03 0.3 03 03 0.3 0.3 0.3 0.3 09 0.9 0.9 09 0.3 0.3
Vi mame D oty Doty Sl bt e
[m' - K/W]
Inner surf. - - - - 0.11
External Wallpaper 0.05 0.21 700 = 0.002
wall Gypsum board 95 0.18 800 840 0.053
Insulation 50 0.034 30 1,600 1.471
Concrete 180 16 2,200 920 0.113
Outer surf. - - - - 0.043
Inner surf. - - - - 0.11
Wall Mortar 100 14 2,000 840 0.071
compo-— i
sition Floor Concrete 200 1.6 2,200 920 0.125
/ Air layer - - - - 0.086
Ceiling  Gypsum board 95 0.18 800 840 0.053
Wallpaper 0.05 0.21 700 - 0.002
Inner surf. - - - - 0.11
Inner surf. - - - - 0.11
Wallpaper 0.05 0.21 700 = 0.002
Insve;ﬁal Concrete 160 16 2,200 920 0.10
Wallpaper 0.05 0.21 700 - 0.002
Inner surf. - - - - 0.11
) U-Value SHGC Area ratio of frame Absorptivity
Window
1.8 0.636 0.39 09
o] 7T VEXA ATE Sl AAdE Y B3l vjnEA 71s=o] ¥ Case 19 2§, Table
G Aot vebd A 1117 m, WHE A 735 m, 69 fd€Hx=A FAA AlEHIAS HA St
AL 24 me] FEZAYEF R, FoHAL A7 Y FE AFESEATh
ZAA #HAH A o] oF 584%(AHH 73%, TH 40.7%) G 3] 7| A] 2~wlo] A 8% Case 29 4+,
& Akxstar gl Table 69 &1 7] FFolA 7= 0.73]/h
Table 6 TRNSYS 16 AlEdo]lA xS = Case 1% st A4y, & A9 A&
YERN AL k. Al EH el T3 e (RTd s 717F 7bsd FE SHE wdE g A 2~H
FH)S Ao E Table 73 o] 37| Fd S W Fot AAdS AES] 9% HHoE
sto] oAl Azt RaEES B89 g 7N 28-S Faste] AlEwoAS AA
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Fig. 4 Floor plan of standard apartment

house.

Table 7 Methods for simulation

Volume of air change Sﬂupply ar
oW rate
Class. i
chgilrge Natural re?o?etry
ventilation .
rate ventilation
Casel 0.7 per B
(Baseline) | 1 h 19212 CMH
150 CMH
Case2 Effective
(Applying air flow
heat 0.7 per 51.12 CMH rate+
1h
recovery Leakage
ventilation) rate
(141+9)
stATh webs EAOY Fo e wEs] s 3
7N '] - E dud g8l 93] 37](RA)9
i 84 dd#S F7](SA) eIz FFEA A
AstRon, SA4E F85 37 Fy FAFS FAkst
o Zr|AxEe] F7|(SA)Ho 7 H83)
Case 1 4%, 0.73]/he] 37]|34E wsl7]
& 7] FHom U 44 AvE F9HE 4
A3ty WAl Aeglon ) He A AR A
A (25748 m') 2] 70%¢<1 192.12 CMHE A A3t}
Ao A A5t} s Case 2 4%, 714
25l wjde] 354 141 CMHe] & 37|=s F
wGoty A ESY #7138 0.73)/hE vk X
&7] witol U # 51.12 CMHE #8724
Ealo] 9718 A4 §9att 2dow AQar.
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nas dAste] AAISHATE wepa] $7)A 2~E 9
FgE FEe ddFE SHAYE A B E
TETH F5o dAFEE Lo, T35
Solar heat gain coefficient(SHGC)= 82 +4
of we} ‘Window 65 &3 AAke 2= 283}
Ak T3k vjd sS4 #U A 2"l KS B 6879'2] &

w3k EE&AAAS TRNSYS 16914 ‘Equation card’
of ot XA A FEAF A= T3
o] OA¢ RAS AHld W& SAS 2F% +X&
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i(TOA_TRA) (1)

SA Temperature = Ty — 100

SA Humidity= Xy — —(Xpy— Xp,) (2)
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Table 8 Annual load distribution of heat
recovery ventilation system
integrated with window

supply Ratio of Amount of
Class. air annual load annual load
Temp. saving saving

Cooling 22~27TC 2.9% 99.2 kWh/y
Heating 12~187C 135% 27885 kWh/y
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Class. Annual distribution

Distribution of
Representative cooling day

Distribution of

Representative heating day

40

35 —H—SA
o 35 RA
= o o 25 —=—0A
7 K T
Air z 3 Eis
2 & gz
temperature g RS £ s
= = =
(a) <‘.‘. < 2 5 w.//"’“\_\‘“
-20 15 -15
1 1201 2401 3601 4801 6001 7201 8401 1 3 5 7 9 11131517 19 2123 1 3 5 7 9 1113151719 2123
Hour HOUR HOUR
0.030 _ 0,028 _ 0.020
SA Z +SR§ Z +SR,:
0 0.025 ‘ —RA| g —e—on 2 0.018 —e—oa]
< 1 0A Z 0.023 g
g X E“ M 2 0016
Absolute z Z H L A r'/.‘/
o g g o018 R N
humidity £ = IR | Z 0012
(b) = £ 0013 | | E
<0, e \ | S 0.010 | I
£ ] I |
0.008 0.008
11201 2401 3601 4801 6001 7201 8401 1357 9111315171921 23 1357 911131517192123
Hour HOUR HOUR
Class. Cooling load Heating load
1,800 6,000
M Casel M Casel
1,500 Case2 __| 5,000 Case2 |
= =
Z 1200 2 4000
=< é 5
= =i
Monthly & g9 £ 3000 8
distribution & Z
(c) g 600 g 2,000 1
Q =
300 1,000 .
0 0
1 2 3 4 5 6 7 8 9 10 11 12 1 2 4 5 6 7 8 9 10 11 12
Month Month
3,500 21,000
g 3,400 < 20,000
= 99.2 kWh & 2,778.5 kWh
= =
2 3,300 S 19,000
Annual ) )
distribution 3 b=
(d) S 3,200 £ 18,000
= =
E :
£ 3,100 Z 17,000
3,000 16,000
Casel Case2 Casel Case2

Fig. 5 Results of analysis on applicability for heat recovery ventilation system.
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Table 9 Definition of variable for Economic

analysis
Variable
.. Discount Escalation of Inflation
Useful life
rate energy rate rate
10 years 3.08% 5.78% 2.96%
Cost

Initial cost

Operation cost

Energy saving
cost

600,000
won/Unit

69,370 won/y 233,340 won/y

Table 10 Results of economic analysis

(unit : won)

Number Annual earning Accumglated

of Year earning
1 170,163 -429,837
2 176,515 =268, 322
3 183,032 -70,290
4 189,718 119,428
5 196,576 316,004
6 203,612 519,615
7 210,829 730,445
8 218,234 948,679
9 225,831 1,174,510
10 233,624 1,408,133
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