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Abstract EnergyPlus, which is widely used in various fields, provides Simple Window Model, a window model that
can be used practically. However, the results of building load using the model are different from those of the standard
model. The main cause of the deviation by Simple Window Model was analyzed to be due to the assumption that
all windows were considered as single layer. The purpose of this study is to propose a window model that improves
the cause of deviation by Simple Window Model and can be easily calculated from the algebraic relations. The proposed
window model solved the heat balance equation algebraically by using seven window characteristic coefficients. The
coefficient relationships consisted of the heat transmission coefficient and solar heat gain coefficient as input parameters
make practical use and calculation possible. As a result of comparing the deviation between each window model by
implementing the dynamic analysis method, the proposed window model showed that the deviation of the total
heating/cooling energy consumption was reduced to 1/3 compared to Simple Window Model for one year. Although
the maximum energy consumption did not show any significant improvement, the indoor temperature evaluation showed
significantly reduced deviation.
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Fig. 1 Base building model-Isometric view.
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Table 1 Air-conditioning conditions for simulation

Conditions Setting value Conditions Setting value
200 W continuous
Infiltrati 0.5 air ch /h Internal Load . . .
nittration ar changerhour nternat L.oa (60% radiative, 40% convective, 100% sensible)
Dual setpoint Ai ditioni . . .
Thermostat . uao 5 p01r.1 5 it conditioning 100% convective air system-ideal system
(heating < 20C, cooling > 277C) system

Table 2 Total/Maximum air-conditioning energy consumption for a year by window models

Total heating/cooling Maximum heating/cooling
Glazing system H/C energy consumptionfMWh] energy consumption[kW]
FSM ASM SWM FSM ASM SWM
. Heating 6.38 6.38(0.00) 6.32(0.07) 4.53 4.53(0.00) 4.52(0.01)
Single Clear -
Cooling 435 4.33(0.01) 4.57(0.22) 6.21 6.19(0.02) 6.35(0.15)
. Heating 5.07 5.08(0.01) 5.05(0.01) 3.78 3.78(0.00) 3.78(0.01)
Double Clear Air -
Cooling 3.64 3.59(0.05) 3.47(0.18) 5.28 5.25(0.03) 5.23(0.05)
. . Heating 4.59 4.60(0.01) 4.60(0.01) 3.48 3.48(0.00) 3.49(0.01)
Triple Clear Air -
Cooling 3.15 3.07(0.08) 2.85(0.30) 4.67 4.61(0.06) 4.56(0.11)
Double Clear Heating 4.93 4.93(0.00) 4.88(0.04) 3.74 3.74(0.00) 3.75(0.01)
with Argon Cooling 4.04 4.01(0.03) 4.08(0.04) 5.74 5.70(0.04) 5.79(0.05)
. Heating 4.68 4.72(0.04) 4.90(0.22) 3.46 3.46(0.00) 3.47(0.01)
Double Low-e Air -
Cooling 2.17 2.04(0.13) 1.59(0.57) 3.49 3.34(0.15) 3.07(0.42)
Double High solar Heating 4.41 4.42(0.01) 4.61(0.20) 3.53 3.53(0.00) 3.55(0.02)
Gain Low-e Cooling 3.81 3.75(0.06) 3.44(0.38) 5.34 5.28(0.07) 5.19(0.16)

() : absolute deviation from FSM.
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FSMe} ASM, 28|32 SWMS d435}7] 98 Q7%= AHEE WINDOW X =138 F3f o
uhebA] WINDOW Z 2o A Al gshs FaA| g Tola a4k 3 o2 5o 213 71 35 A
ato] el AR 7HA FEE BAOeR HdAsigion, FEEAY A vehid vhsd 2k
Single Clear(Uvalue : 5.913, SHGC : 0.861), Double Clear Air(Uvalue : 2.703, SHGC : 0.704), Triple Clear Air
(Uvalue : 1.744, SHGC : 0.617), Double Clear with Argon(Uvalue : 2.576, SHGC : 0.764), Double Low-¢ Air
(Uvalue : 1.684, SHGC : 0.431), Double High Solar Gain Low-e(Uvalue : 1.935, SHGC : 0.686). o|u] &4
NFRC 100-2010= 7]&e= Faiflon, fezrt 4 ool ue Ze e 2= A &

e Rl Ak F A ) ol x|t A FHo) Wbl 4H] ol Y A& W] alEke] Table 20 HERAATL
oluf #o et A= FSM#e] A AkE ow]gth. ASM FSM3t vl o]z glot, SWME S
Sl wek 2 zel7t A 5 sS4 5 e, 53] Double Low-¢ Air FZ oA 7P & 2AHE Bl
EnergyPlus®] SummaryReportoll Al Al-g-ek= Fowke] dit A/ - s vlastt] et FARE 237 Uet
Stk S E ek 9l Eoll el A" AR, v Eor o] FolXl &S] Agdll= LA 74
o] Aapatolzh w9 AA 5= dvkal AAZI . o3k ztel= 7]7] o] Al BB AER FSAHAE B3
o]fFolx= A& 4] dlvA B ®E 4FES 7S 5 s Aol ddEnh

T2 ol" F3 FollA 9ok &2 A7t BAsk=A] gtetstr] 918 EnergyPlus®] DataSetsoll A A& 8k=
14471 9] o]zl sl Wt An] oy x| A A 3}E v}l o, o]ujl EnergyPlus®] DataSetsol A1+ FSMell
o ARE At A FoE® ASMI SWME] ZA¥rkS Bluselty F+ Fo el 7ke] du) e atE
gelsto] Fig. 20 YebliRl o, olu) S F7FE Fefs] AISITE 1 A, 2ol & 5= 9h% o] Ref(one
pane has a metallic reflective coating)©} Tint(one pane is tinted), Spec Sel(Spectrally selective) “L2] 3 Elec(electro-
chromic glass) % TFolA o 29 1o & Y] x5 ®Hlh
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Fig. 2 Comparison of absolute errors between two window models(ASM, SWM).

3. Simple Window Model2| 22Xt el E4

A5 AT o, dukd oz they) e Al sHAe) Aent? (1) 5o FRE ulS- gkobA 9
ave B 5 9ok ) FE AA@ =AY e BEEE 3) ¢ FElEd S5E guEas
AzZz elEde 124 2gach 7H-e o8 Fso Hdawst TAE e A IS &
ARG A BAsi, 3o F4H do S Z7hd o s B 335 )9S A
Aelsha A1), A9 2, Fig. 3 0|23t #AE mAH R 83 Zolt) of 7|4 NS WA} Bujge
250 48 dutEAL e Sve b7 dule] njg R BEEEAE et g 25 F549
Qajere] BxukS 35S SHGCS Nt xjo] & zret)

Inside face : Conduction heat-(N x Absorbed shortwave radiation heat)
~ Convection heat + Thermal radiation heat + Internal gains radiation heat + System radiation heat (1)

Outside face : Conduction heat + ((1-N) x Absorbed shortwave radiation heat)
=~ Convection heat + Thermal radiation heat 2)

Window Total Glazing Layers
Absorbed Shortwave Radiation

Inside Face N 1-N Outside Face
Convection

v

Convection

Inside Face Net Surface
Thermal Radiation

—>0—>0——

Inside FaRcedI.utfemal Gains Window Layers
adiation conduction
Inside Fa.ce. System . Outside Face Net
Radiation = Thermal Radiation

Fig. 3 Heat balance state at glazing system.
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Table 3 Comparison of solar absorptance obtained from assumption and estimated solar absorptance

Window type Transmittance 7 Absorptance « o Estimated Deviation
of SWM of SWM (1-p)
Sgl clr 6 mm 0.692 0.169 0.861 0.861 0
Sgl Bronze 6 mm 0.404 0.483 0.887 0.887 0
Sgl Clr Low Iron 5 mm 0.811 0.036 0.847 0.847 0
Dbl Clr 3 mm/6 mm Air 0.601 0.184 0.785 0.785 0
Dbl Ref-A-L Tint 6 mm/13 mm Arg 0.027 0.769 0.795 0.606 0.189
Dbl Ref-C-M Clr 6 mm/13 mm Arg 0.112 0.634 0.746 0.632 0.114
Dbl Ref-D Clr 6 mm/6 mm Air 0.282 0.350 0.632 0.654 0.022
Dbl LoE(e2 = .1) Tint 6 mm/6 mm Air 0.232 0.606 0.838 0.747 0.091
Dbl LoE Elec Ref Colored 6 mm/13 mm Arg 0.039 0.702 0.741 0.617 0.124
Trp Clr 3 mm/6 mm Air 0.486 0.258 0.744 0.744 0
Trp LoE Film(33) Bronze 6 mm/13 mm Air 0.068 0.688 0.756 0.475 0.281
B el Sl S TREARE s Svl $Ee g etk Yol e} Eras 4 a5

N#t2 & 0.57F EJ‘jr. AN ] A= 5 A2EE A e SsAdS 'rr‘j/] /‘]'014 71 A 54 ol
upe} gupRALZE el Sl e skl EESHA ok Ngko] 050014 ZA Blojd 4 Utk
SWME 35 A|2~BE aFvbe] 121521 equivalent layer® 118t 72 7“:@.(”) SWMe] &arels
o= N#ks ok 3Hgo] E3H o] lovt Bl 2pA|7}F 7k 7FA el ojal s Al A 3] Nt &4 0.57F Tk
o|& Q& Fsol FE THEAL A Soll 285k vlES Ads] kA X8 LA SkekAl H
F7H o2 AT WSHe Rt datEAdS B4 e A3, SWMO A= ASMO] Ao} ofzlhe]
Apol7b WA sl oM, o= B35 o] kAl F4Ee] X}O]f: e WAy A= ot ATt EnergyPlus®]
el A E Sabnard FuleA 2 2(3)3 k. o714 QS = Wil B E T dukRAL o BYE
ST E(HIEAN FTE), At HA, = WAL W, NS F2A e £5 gudth FiE 1, F55 a,
WAL po] &2 10]ghi= #Alol uhgl SWMOl A= - 59] (1-p)&(solar absorptance) LA O 7 (7+a)l.2
]ﬂ'?l‘ﬂ'(TJraer = 194 1 -p = T+a). SHAIRE U5 A 7R @ulEAL AP S WSSk (1-p) whe A H
4% A3}, Table 33} o] FHert b FS A= ol #AVE A HskA ¥+ o—r7]' A sk A
glatadnk. o]y dFor: SWME WAE A5 2z ¥ Ao R ol

asolar,iAi QStot

Q5= 3
NS (3)
EAi(l - Pi)
i=1
4. Modified Simple Window Mode!| Aot
SWME A & 4 A FERA Uz SHGC ¢, Tvis Gt 25 E A8 sfalel] ot JRE FFate
qUL T B, B3 AN AaAs 7} Free ARFAe] Fesgel pTH WA Aol
Aolt), B Aol i WEARS Majel 3H Aels Adtel] 1) e Aol oja A ) )5
Axbell 7|28 o RS Ajbsh, oju] okA] A1 SWMe] bR 8 Q1S i etaia) gk S A S
TstE Y a4Ese] FAS oS 3 dAd AT 2l W HOPCq Ak A4, A5)ek 2
Inside face :
Ueff(Tsurf,i - ]WsurfA,o) - NQabsorbed(t) = hi(ﬂndoo7' - Tsurf.i) + qheatgaimi (4)
Outside face :
Ueff(Teur/,i - T;urf,o) + (1 N)qabsorbed =
- h ( oufdool - Ts'urf,o) ha.u ( outdoor Tsurf,o) - hsky(Tsky - Ts"u,rf.,o) - hgnd(jjout(]nor - Ts‘urf.,o) (5)

(© SAREK 519



A FE Uk dFANGE AR F $5 PAR] ABFEY0] FBTE ED g FE
FE DAAAE WIS, Gy PRI Foll 8] B A Zol FTE D3l AL
%% ./]U] 3}“:]’ Jﬂ h; ﬂ’ h %]—.9_ LHQ%Q] %%ﬁ%ﬁl‘f‘% L]'E}']’HJ—J—; h’airﬂ' h‘sky; hgnd‘— ZJl_Z_]'_ EH7L
AE, AEA Atole EAIAAGAGE ou]ain] BAlY S58(FTEA §58) 9} Stefan-Boltzmann A5
0, A7 62 AHgEte] the HomnE AR BF T,,= AFLEE ojujdic
0.580(1+COS¢))( ﬂ)(Tsurf 0 Toul‘dom‘) L 0. 580’(1+COS¢)5( surf,o Tsky)
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Fool 49y A felx Foo] FFEHAY FEE s Al FdE ¥, A 3ol FEFS vA=
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she AN AT, PR ko) fhabal AR FE TR HF F (g, AR FEES
Fa) Foiul, F2A ko] AL ARLL T BN TP E(Opna, THEA FEHT AL,
ol FEAH HulEAld Eul:= Net-Radiation® =2 Gebhart 52 Z3 -3t}

Angular propertyS] A2 FrhEsl Ag Fow, e WAl goke] Al mek wa B AT
o A= T vho] QJAZ}e whe} Wgtar 7};4 3h, T3 W 3}22 EnergyPlus®] Simple Glazing System©l]
HEH AE ARt g, 2 Aol M= EEE I (T ) S TGS R Sl wel Fake Wsh
A% BAEFEE A}Re= AHo] A s} w}a}}ﬂ JArtzo] 0°d W& 7oz g FHERl r(p=0)E
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#3lmsl SRS Ee] Havol,
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Table 4 Meaning and derivation method of the characteristic coefficients

Characteristic coefficient Meaning Derivation method

calculate the value to satisfy heat balance with
optimization function
(the N value must be calculated simultaneously)

Effective heat heat transmission coefficient of window
transmission coefficient structure only

. the ratio of solar radiation transmitted
Transmittance : output results by EnergyPlus
through window

the ratio of solar radiation absorbed into

Absorptance . output results by EnergyPlus
P window P Y 24
the ratio of shortwave radiation absorbed . . .
. . . (absorbed shortwave radiation-absorbed insolation)/
Reabsorptance into window reflected from internal

(shortwave radiation reflected from internal structure)
structure

calculate the value to satisfy heat balance with
optimization function
(the Ueff value must be calculated simultaneously)

Shortwave radiation  the ratio of the shortwave radiation
distribution ratio transferred to inside face

shortwave absorptance related to shortwave calculate the value with the same shortwave radiation

Solar absorptance .
P heat balance between structures distribution as the results of ASM

longwave absorptance related to longwave

Thermal absorptance
P heat balance between structures

fixed to 0.84(the value is also applied to other models)

AGS =& 8 9A Aok mdlEo] A5 2 shtz WAsta, 2GS F7kE gttt ol
QUAbztel mel gro] Wat: Fabwst FREE 4R melsh] S8 BeEIAzke] 907 o) delol X Batela}
Rho] EAE wo] gatFatet MRS S4VIE B “5}9113} O Fo SRER AFE =E5)
3ll EnergyPlus®] DataSetsoll 4] #-&-3}= 207719 F3E Ko, 37700 G, 144719 o] F, 2571 9]
AR, 2dar Uhe] Apege g E o] k. SHA Od%ff} % DataSetsoll A Al&oh= Aue= FER
Bad AEo|BR, V|FoR e Eulls ASMO] S| Adtelut. Zh Alg=e] ofulet difeke] #|, 12l
s g S Qeleho] Table 4ol Liehaich

4(a)= EnergyPlus DataSets®] Ugt3 =E % U, & Hlulgh Aajo|t}. T85o] glo] fel=nt 144 5 o]
g;‘; G539 U,y 150 52 30002, )9 331 S e 2t ©]% DataSets9] fr2] AHE%7E 0.9
W/mK= A5 9, 89 F7% 3 mm 52 6 mmyol weh =& Aolth v s A9
F2) Abolel] 7hto] Qo] Apkifol @AS ol T F4E AU Fig. 40
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Ko} DataSets®] U#Y =% U80S w9 HE RS & 5 A
DataSets2] SHGC #3} 7€} Al4=E wlaske] Fig. 591 YeElHATE Faeel AgF4%=E SHGC #y &
Avto] L, FFEE A= 4TS Houe A7 Bes & g Aok N A4S, WE) vl e
O

o 4 AaL, o] FollA 059 #s VA= B BT L*%}«] o|t}. o] & A|e]gthd SHGC7} &%
Ngkol ZropAuA Ex7F Aolds & 5 vk Wi 7]E9 SWM9] Nt =53 243 Fo 4=
Faglel NEb 059 #hs Btk

7312, EnergyPlus®] DataSets®] U#%k- National Fenestration Rating Councilol| 4] 7173 ¢k NFRC 100-2010 Winter

Z70) A Tzl Fhelal, SHGC gk NFRC 100-2010 Summer 3315 71502 3% gholth.

DataSets®] 7k =¥ ﬂ]T Atole] IAIE T or Yol ARgo] =% siglnh oju T v
SAAGE v Zelj MRS Bolnw Fgs S Ve o® st ol thE Data-
Sets®| Ut SAAIT Uy k Abol o] A 2(8)3 2om, #A o] AA A (R-square)= 0.9967°] wh<=
7HA

l

(1/ U, ;7) = 0.95835— 0.57104 Uy e + 0-81508 Ul guer (8)
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Fig. 4 Comparison of effective U value and the U value of DataSets.
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Fig. 5 Comparison of other characteristic coefficients with the SHGC value of DataSets.
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Table 5 Constants of relational expression for each characteristic coefficient

Shortwave radiation

Transmittance Absorptance Reabsorptance distribution ratio Solar absorptance
q -0.0134413 -0.0741173 0.0080460 0.3685004 0.0087955
G 0.0091263 0.1202023 0.0568846 -0.3461032 -0.0245737
G -0.0175155 -0.0509829 -0.0310159 0.0730096 -0.0088317
G 0.2155512 0.1145896 -0.2239212 -0.8582648 -0.1904976
G 0.0719069 -0.4133142 -0.2754159 0.6374230 0.4849117
G -0.0772660 0.2884780 0.2143280 -0.2034916 -0.0484392
G -0.0900259 0.0203580 0.1882294 -0.0802685 -0.2560087
G 0.5362136 -0.5091746 -0.5530456 1.0342213 -0.1282406
G 0.0648579 0.4783312 0.7442028 0.0155473 0.6350346
5. S HalsAY THe S5 25 2Ue| Zu uD
A+ Modified Simple Window ModelMSWM)2] A 3}= 7] =9 F& mdlo] Aye} njuwstr| 98 AEY
4 paaEe TR ATE FE mAwe A3 AL FE o]9e] AT LAF A
A7) EnergyPluse] ALSo] B58fo} . o) 917 EnereyPlusell 485 e}l Lo HE R
T ARgERE o, olelo] WHle] a8 Uwnagih ¥ AT 449 2 24D 2] AWS 4
SHH Table 67} #om, F-3}s)]2H-2 Matlab 8 THEAY 7 dAG QA5 4] E BA g

Ao 2 =79 HIE dojxmz Agksic)
A5 Y 2] qUA I F3h) Hrhe A A4S ANS/ASHRAE Standard 1402] Case 600
Aznde] sl sl o, 47149 A5-5 vusith. A MA 749+ EnergyPlus®] DataSetsol| 4] #&
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Table 6 Analysis method of each heat transfer element applied to dynamic analysis method

Thermal element Analysis metohd
Wall conduction CTF(Conduction Transfer Function) method
Convection Fixed convection heat transfer coefficient
Solar insolation distribution MinimalShadowing distribution model
Shortwave/Longwave radiation distribution The method described above
Internal generation heat Method using radiation/convection fraction value
Longwave radiation exchange between internal structure Gebhart method
Indoor temperature change 3rdOrderBackwardDifference model
Air-conditioning system 100% convective air system-ideal system
Zone-System coupled calculation coupled model using Predictor-Corrector procedure
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Table 7 Comparison of annual total heating/cooling energy consumption by window models

Total heating energy consumption[MWh] Total cooling energy consumption[[MWh]
ASM SWM MSWM  MSWM(equ.) ASM SWM MSWM  MSWM(equ.)

Window type

Dbl

Clr 6 mm13 mm Arg 550 SA7012) 564005 563004 244 238006) 2450.04)  245003)
Dbl Ref-A-L

Clr 6 /6w A 545 821(024) 8450.00)  846(0.01) 032 029(0.02) 032(0.00)  0.33(0.01)
Dbl Ref-A-L

Tint 6 m/6 o A 544 814(030)  843(0.01)  8.40(0.03) 033 0.32(0.01) 0.34(0.01)  0.35(0.02)

Dbl LoE(e2 = .1)

Clr 6 mm13 mm Arg 90 458(018) 4430.03)  4450.05) 1.87  1.52(035) 1.90(0.03)  1.96(0.09)

Dbl LoE(e2 = .1)

Tint 6 mm/13 mm Arg >17 532015 5190.02)  5.08(0.09) 0.94  0.77(0.18) 0.96(0.01)  1.12(0.17)

Trp
Clr 3 mm/13 mm Arg 448  438(0.10) 4.54(0.06)  4.39(0.09) 246  2.43(0.03) 2.53(0.07)  2.54(0.08)

Trp LoE(e2 = e5 = .1)

Clr 3 e mm Al 494 5.0000.06)  4.97(0.04)  4.76(0.18) 130 1.03(0.27) 1.38(0.07)  1.52(0.02)

Trp LoE Film(66)

Clr 6 /13 mm A FT0 496(0.17) 479(0.00)  4.75(0.04) 119 0.85(0.34) 1.14(0.04)  1.15(0.04)

Mean
absolute deviation

() : absolute deviation from ASM.

0.165 0.026 0.065 0.159 0.035 0.082

Table 8 Comparison of annual maximum heating/cooling energy consumption by window models

Maximum heating energy consumption[kW] Maximum cooling energy consumption[MWh]
ASM SWM MSWM  MSWM(equ.) ASM SWM MSWM  MSWM(equ.)

Window type

Dbl

Clr 6 mm/13 mm Arg +5%  452002) 458004) 457004 548 552005 557009 5610.14)
Dbl Ref-A-L

Clt 6 mme mm Ay 465 466(0.01)  471(0.06)  4.73(0.08) 175 1.59(0.16) 1.74(0.01)  1.77(0.02)
Dbl Ref-A-L

Tint 6 mm/6 o Ay 466 4670001 473(0.07)  4.74(0.08) 1,79  1.65(0.14) 1.79(0.00)  1.82(0.03)

Dbl LoE(e2 = .1)

Clr 6 mm13 mm Arg >80 385004 3800.09)  382007) 426 414012) 431(0.05)  4380.12)

Dbl LoE(e2 = .1)

Tint 6 mm/13 mm Arg >80 385004 3790.09) 382007 282 271011 284003 309027

Trp
Clr 3 mm/13 mm Arg 3.93  3.93(0.00) 3.99(0.06)  3.91(0.02) 543  5.46(0.04) 5.39(0.03)  5.37(0.06)

Trp LoE(e2 = e5 = .1)

Cir 3 e mm A 386 387(0.01)  3.89(0.03)  3.84(0.02) 349 3.28(0.21) 3.51(0.02)  3.73(0.24)

Trp LoE Film(66)

Clr 6 /13 mm A 370 368(0.02)  3.68(0.02)  3.66(0.04) 3.17  2.70(0.47) 3.08(0.09)  3.08(0.09)

Mean
absolute deviation

() : absolute deviation from ASM.

0.017 0.059 0.051 0.161 0.041 0.121
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