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Akaraphon Poomahapinyo 2014: The Radiant Time Series Cooling Load Calculation
Program for Thailand. Master of Engineering (MechanicalEngineering), Major Field:
Mechanical Engineering, Department of Mechanical Engineering. Thesis Advisor:

Assistant Professor Pollakrit Kritmaitree, Ph.D. 112 pages.

This research is to develop the “Radiant Time Series Cooling Load Calculation Program
for Thailand”,the crucial information for calculating cooling load,like latitude,longtitude,height
from sea level, humidity and constructing material,is always conducted.The users just put the
necessary information to the calculating program.The result will be showed immediately.Because
it’s not necessary to build the buildings models for calculating,the users can get the result of

cooling load quickly,precisely and conveniently.

After finishing in developing the calculating program of cooling load it is compared with
the “Energy Plus” program,which was developed by the “US Energy Ministry” and was used to

calculate energy from all over the world,including in calculating “cooling load”.

The comparative result in calculating cooling load of these 2 programs,in the same
day,place and condition, found that cooling load tended to be on the same direction in every
month, cooling load tended to be increased after the sun rises and reached the highest point in the
evening. After that time, cooling load tended to be quickly decreased in the late evening and to be

slowly decreased at night until the sun rises in the morning.

Student’s signature Thesis Advisor’s signature
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m = 1/[sinB + 0.50572(6.07995 + )~1:6364] (11)
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Ep = Egexp[—tpm?®] (15)

Eq = Eoexp[—rdmad] (16)

ab = 1.219 — 0.043t, — 0.151t4 — 0.2041,T4 (17)
ad = 0.202 — 0.8527, — 0.007t4 — 0.3577, T4 (18)

E¢ = Etp + Egq + Eir (19)

E¢p = Ep cos© (20)

Erq = EqY 1)

Y = max(0.45,0.55 + 0.437 cos 8 + 0.313 cos? ) (22)

1—cosX
2

Eir = (Ep sin B + Ed)pg (23)
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Tﬂﬂﬁ Ep A9 Beam Normal Irradiance
Eq A9 Diffuse Horizontal Irradiance
E, fo Amdsnuanudeuiingilan
Tp A9 Beam Pseudo Optical Depths
Tq A9 Diffuse Pseudo Optical Depths
ab D Beam Air Mass Exponents
ad A9 Diffuse Air Mass Exponents
E¢ A9 Total Clear-Sky Irradiance
Etp 79 Beam Component
Eig A9 Diffuse Component

E¢r 79 Ground-Reflected Component
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| Y = max(0.45,0.55 + 0.437 cos 6 + 0.313 cos?6) \

E, = E.. |1+ 0,033 cos 3600 =2
0= Esc91+0. cos 365
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4»| E; = Egexp[—Tqm®] }
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typ = DB — (MCWBR x Ra) (24)
Taon  tqp Aoguuginizinhzuid
DB flo gurginizihzudagage
MCWBR A® Mean Coincident Wet Bulb Temperature Range

Ra A9 Fraction of Daily Temperature Range
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BANGKOK METROPOLIS, Thailand WMO#: 484550
Lat: 13.73N Long: 100.57E Elev.: 13 SidP: 14,69 Time Zone: 7.00 (SEA) Period: 82-06 WBAN: 99999
= Humidification DP/MCDB and HR Coldest month WS/MCDB MCWS/PCWD
Colgest Heslgon 506% 9% 0.4% T 1% to 99.6% DB
996% | 99% DP | HR | MCDB | DP | HR | MCDB | WS | MCDB | WS | MCDB | MCWS | PCWD
12 66.3 69.1 534 60.7 73.6 56.2 67.3 75.2 144 81.2 121 82.2 21 40
Hottest | Hotiest Cooling DE/MCWE E tion WE/MCDB MCWS/PCWD
Month | _ Month 0.4% [ 1% 2% 0.4% 1% 2% 10 0.4% DB
DBRange] DB | MCWB | DB | MCWB | DB | MCWB | W8 MCDB | WB | MCDB | WB | MCDB | MCWS | PCWD
4 12.8 96.5 79.8 95.2 79.5 94.1 79.2 82.6 91.5 81.8 20.4 81.3 89.6 6.2 180
Dehumidification DP/MCDB and HR Enthalpy/MCDB Hours
0.4% 1% 2% 0.4% 1% 2% Bto4 &
DPF_| HR | MCDB | DP | HR | MCDB | DP_ | HR | MCDB | Enth | MCDB | Enth | MCDB | Enth | MCDB | 55/69
80.4 157.6 86.8 79.8 154.5 86.3 79.2 151.4 85.8 46.4 91.6 457 90.9 451 89.9 7
Extreme Annual WS Extreme Extreme Annual DB n-Year Retum Period Values of Extreme DB
Max Mean Standard dewviation n=5 years I n=10 years n=20 years n=50 years
1% 25% 5% ws Mn_| Max_| Mn Max Min_| Max | Min_| Max | Min | Max | Min_ | Max
14.1 12.3 11.0 91.8 62.3 929.7 43 1.7 59.2 100.9 56.7 101.9 54.3 102.9 51.2 104.2
Annual | Jan | Feb | Mar | Apr [ May | Jun | Jul [ Aug | Sep | Oct [ Nov [ Dec
Tavg 84.1 81.4 83.6 85.8 87.9 86.6 85.5 84.8 84.4 83.7 83.3 82.5 79.9
Sd 3.22 2.65 2.69 2.54 2.75 2.04 2.12 1.93 1.93 2.27 3.23 4.04
Temp HDD50 0 0 0 0 o 0 0 0 0 0 (1] 0 0
Degree-Days HDD6S 0 0 0 0 0 0 0 0 0 0 0 0 0
and CDD50 | 12447 973 942 1108 1137 1134 1065 1079 1065 1011 1032 975 926
Degree-Hours  "Copes | 6972 508 522 643 687 669 615 614 600 561 567 525 461
CDH74 | 83767 5345 6027 8118 9345 8853 7869 7618 7238 6378 6363 5894 4719
CDH80 | 37399 2100 2532 3909 5128 4522 3671 3364 3027 2477 2468 2384 1817
e e
0.4% DB 93.1 94.4 96.7 98.5 98.2 95.4 94.8 94.0 93.5 93.7 94.6 93.2
Monthly Design MCWB 75.2 76.3 77.0 79.2 80.5 79.6 79.3 79.3 79.1 78.1 77.3 75.9
Drylnulh % DB 91.6 92.7 94.6 96.7 96.2 93.5 93.0 921 91.7 92.0 92,5 91.4
and MCWB | 756 769  78.4 80.1 806 796 793 789 790 784 772 753
Mean Coincident 5% DB 90.2 91.4 93.3 95.3 94.5 92.1 91.6 90.8 90.4 90.6 90.9 89.9
. Wet Bulb MCWB | 752 774 786 802 802 795 79.0 786 788 783 769 749
peFTLce = DB 88.9 901 920 941 927 008 001 895 89.0 891 893 881
MCWB 74.8 76.8 78.5 80.1 79.9 79.2 78.6 78.3 78.5 78.0 76.5 74.1
0A4% WB 80.6 81.8 82,0 83.6 83.2 824 82.7 81.4 81.4 81.5 80.9 79.7
onthiy esg | MCOB | 87.6 902 915 937 927 90.6 903 891 883 891 882 871
Wet Bulb = W8 79.0 804 81.0 826 821 814 81.0 803 805 805 799 784
and MCOB | 864 882 898 920 911 893 887 882 877 879 874 862
Mean Coincident 5% WB 78.2 79.4 80.5 81.9 815 80.8 80.2 79.7 79.9 79.9 79.1 77.2
. Ory Bulb McDB | 854 87.0 888 907 902 884 878 874 869 869 867 859
SnperEires) o WB 774 788 799 813 809 801 796 791 792 792 783  76.0
MCDB 84.4 86.1 88.0 89.8 89.3 87.6 87.1 86.6 86.1 85.9 85.9 85,2
MDBR 15.8 139 129 12.8 12.1 10.9 10.9 10.7 11.4 11.7 13.0 15.6
Mean Daily =% DB | _MCDBR | 16.2 144 141 136 136 124 125 122 128 132 140 158
Temperature MCWBR 5.2 4.3 4.3 4.1 4.3 4.3 4.5 4.2 4.2 4.0 4.2 4.9
Range swws | _MCOBR | 134 127 125 125 126 116 11.6 114 117 121 127 133
MCWBR 4.8 3.9 3.8 4.0 4.4 4.4 4.6 4.4 4.4 4.3 4.4 4.5
taub 0.612 0.762 0.827 0.666 0.612 0.619 0629 0585 0.612 0.653 0.566 0.539
e taud 1.654 1.420 1.366 1.598 1701 1.684 1.663 1.764 1.700 1.605 1762 1.804
ierad Ebn,noon 222 195 188 221 229 225 223 236 230 217 232 237
Edh,noon 77 100 109 87 144 77 79 73 77 83 68 65
CDDn  Cooling degree-days base n°F, “F-day Lat Latitude, * Period  Years used to calculate the design conditions
CDHn Cooling degree-hours base n°F, “F-hour Long Longitude, © Sd Standard deviation of daily average temperature, °F
DB Dry bulb temperature, °F MCDB Mean coincident dry bulb temperature, °F StdP Standard pressure at station elevation, psi
Dew point temperature, “F MCDBR  Mean coincident dry bulb temp. range, °F  taub Clear sky optical depth for beam irradiance
Ebn,noon } Clear sky beam normal and diffuse hori- MCDP Mean coinc dew point p ,°F  taud Clear sky optical depth for diffuse irradiance
Edh,noon  } zontal iradiances at solar noon, Btwh/ft2 MCWB  Mean coincident wet bulb temperature, °F Tavg Average temperature, °F
Elev Elevation, ft MCWBR Mean coincident wet bulb temp. range, °F  Time Zone Hours ahead or behind UTC, and time zone code
Enth Enthalpy, Btu/lb MCWS  Mean coincident wind speed, mph wB Wet bulb temperature, °F
HDDn  Heating degree-days base n°F, *F-day MDBR  Mean dry bulb temp. range, °F WBAN  Weather Bureau Army Navy number
Hours 8/4 & 55/69 Number of hours between 8 am. PCWD Prevailing coincident wind direction, *, WMO#  World Meteorological Organization number
and 4 p.m with DB between 55 and 68 °F 0= North, 90 = East ws Wind speed, mph
HR Humidity ratio, grains of moisture per Ib of dry air

MU 139U TVTAVDIDINMAVDITINIANTANNUNIUAT

lan: Spitler(2009)



21

a z:; o Qldycu 1 o 9 zﬂl o o
emwﬂumﬂuaﬂmmﬁmmmm"lﬂum”lmmmsnuﬂﬂﬁlmmmammmmﬁzmmm

q QU

< Y A ° 0 < < 9 a A &g
Lﬂullﬂjﬂﬂﬁi\i m’mmﬂmimu%mm’izmmmLﬂu%mﬂumﬂ%’qmwﬂumEJian 1)

U

= 1 =

a [y a o H H a [
QUUANNTINMIUANTITDINANIMAINUNAUNTN 250azn N 14F9gurgliio Y
o ) o < 1
o ldunamnszsinnugu 1ddae 1
aE¢ eAR

teo =topo + o hy (25)

Tagi teg Ao QuUglioUN
toe N0 QUNYUNIBUDN
4
(04 ﬁ’ﬂ ﬁuﬂizﬁmms@j@%umm%’aummwm
A vy a J
E¢ ADAINIDUINNUTAIDINAY
4
h, An dudszA@nimIniemanusousIWNMBUBN
€ Ao A1AN Surface Emissivity
AR AvDifference between Long-Wave Radiation Incident on Surface from

Sky and Surroundings and Radiation Emitted by Blackbody at Outdoor

Air Temperature

@%mmmm%uﬁ%ﬁmma

aE; AR
ho Ry

< auvifguN >

MUN 14M3MUIUNIQUNYUNGUWI

/ tqn = DB — (MCWBR X Ra) /

te =t, +

k4
v =

3 FR o ) g Y a (K
%1ﬂuu‘§\1Hﬂqmu@]ﬂuﬂ1iﬂ1u'ﬂﬂ!ﬂ153ﬂ1ﬂﬂ?ﬂlﬂﬂ@?ﬂﬁ%ﬂﬂﬂihl’)ﬁﬁl@ﬁﬂ1iLLW§\‘lﬁ



22

A o A A ] a {1 a J
’J%@lgﬂiﬂl’)ﬂﬁmﬂﬂﬁ!mﬂﬁ LiﬂJﬁﬂﬂfﬂiL!UQﬂiMWﬂ!ﬂ’JWN%@Uﬁﬁ\‘liﬂmﬂﬂ’N@W]@lEliﬂ

4 Y
ﬁﬁuﬂ’)ﬂﬁll@ﬂﬂl@ﬂfﬂﬂﬁ GﬂiJ‘lJ‘i%LﬂW’UfNWduW’Jﬂwuﬂﬂ hlgﬁlﬂ ﬂﬁL!Wﬂ’NiJ%IEJUﬁHﬂ

a Jda [ a Jda o
UEIDINAINIUNTEAN ﬂﬁﬂﬂcﬁﬂﬂ’ﬂh‘?ﬂuiﬂﬂuﬁﬂfﬂﬂﬁElWTL!ﬂi%i]ﬂ ﬂTiuWﬂ’ﬂll%j@uiﬂﬂ

Y Y
LLﬁQE]"IﬁGIETWWHﬁMﬁ’J@"Iﬂﬁ mﬁuﬁmm%’@umuﬁuﬁamm%’@umﬂummw mm%’aumﬂ

a 1 4 d Aav o 1
NINTIUAN)UVINUBY uazmmgeumﬂqﬂﬂimmm AT9U LAz, 2550)1@8?1')1%%)@1!&&@

= =2 o oy
azﬂizmwmwaxLaﬂﬂiumsmmmmu

1. MIUAANNS D UINUAIDINATHIUNTZN

a A da 1 1 ]
ﬁ’ﬁ') ﬂiﬁﬂﬂ!ﬂ'ﬂi]%}fllﬁﬂﬂllﬁ\iﬂTﬂﬁﬂﬁﬁﬂ\il"fhﬁlﬂWﬂWﬁIﬂﬂﬁi\iPﬂu‘lm\‘lﬂ'iﬁ]ﬂinﬂ

Ysmnawasidigormsnnmssnaluaumsi 20amsodnavlsunuanuioun

a & = <
NAYUINTUNITN 26UATNINN 15

dsuc,p = EtpAsuniiaSHGC(0) (26)

Tagh dsHG,D
Etp
SHGC(8)

Agunlid

A a 9 a o
Ao YSuannusaunuaseInad lagnss

AvBeam Component

4
[

Aa a 9 Ao [TAR=
o AUl anFANUToUNTUNNTITNTI
Y

A A 9 A 7
DNWUNHUIANNYNUNLLAN

U

D 2D

o a Jd
2. fﬂiﬂﬂ“lﬁJﬂ'J']ll%}’f)l‘lﬂWﬂLLﬁ\‘]ﬂ'WlﬂfJWTUﬂﬁgﬂﬂ

=3 a Y d' a 42’ dy v 9 a a
o ﬂill'lmﬂ’ﬂiﬁ’E]L!‘VILﬂﬂ61]‘1!"LJ!L‘W5!6111@.'N’Jﬂ§$i]ﬂﬂ18(1u61ﬂ'15 tagsuannu

9 A A dy 9 Y ] A o Yy
ﬁ@u%’]ﬂllﬁﬂ@’]“ﬂﬁﬂﬂﬁﬂﬂllﬁﬂ@ﬂﬂigﬂﬂwulmgﬁzﬂﬂl‘!!ﬂl']@j'ﬂ']ﬂ']ﬁW']UT]"IQﬂﬁgfﬂﬂVlﬂWU’JﬂlUlﬂ

NANNIN 21 Lag 23 ffﬂll15i]ﬁWL!’Jﬂ!ﬁ?ﬂ§u1ﬂ!ﬂ’313~l‘§'j®ullg]j%Wﬂﬁllﬂﬁﬁ 27 AN 15



23

dsuca = (Eed + Eer)A - SHGCgigruse @27)
A A a 9 a o 1

TaeN  qsuga Av UTaanuIauNNLaIe1Nag laensuns

Eiq AvDiffuse Component

Eir A9 Ground-Reflected Component

. :
SHGCgifruse 10 dNUszanianudounsunnsednszae
A & 4 9o
A ADWUNHUIN

3. ﬂ?iﬁ?ﬂ’)?ﬂ%ﬂﬂiﬂﬂllﬁﬂ@?ﬁ@ETN'TI,!NlT\i?J"Iﬂﬁ

a A Jda { a o
ﬁ@ ‘]Jiiﬂmﬂ'ﬂll%ﬂuiﬂﬂllﬁﬂfﬂﬂﬁEl“ﬁﬂ@ﬁﬂi%ﬂﬂﬁuﬂ')ﬂWﬂu@ﬂ@WﬂWﬁ aziinsun

v 9 9
[

9 Y 1A A 9 = v & o 9 == =] a
ﬂ’J”IiJi’E]uLEU”IQW‘L!N’Jﬂ181uﬂ1ﬂﬁiﬂﬂi%’qmﬁﬂilmﬂﬂmi BINTTUINNUIDUUNUAIUVUNUTUA

Rl

=

vosiaanl¥neadnansasina ldonaunisn 28-29 uaznInwi 16

de = 1'2=30 CjUA(te,e—ja — trc) (28)

Jo = COUA(te,G 7 | trc) 2 CIUA(te,G—S N trc) NP C23UA(te,9—238 - trc)(zg)

)Y

o

Tagn  qg A M3thanudeusietalag

A @ a ) Y
U Ao Manlsed@nsmsihnusousIN

2

1A Yo A o
UNN AT VLN

=
)8
@
=2

o AnlszneveynsunaweImshnuioused Tug

=)

UUUNINTY F2 TuaNFIULN

—+
o
@
Ny
o
o))
(a2}
oD

a9
(RN

ot
—~
a
=)
@
P

UU

e



24

4. ﬂﬁﬁ?ﬂ’ﬂll%}ﬂuFhl.l‘l’iﬁ\iﬂﬁﬂﬂﬁ

A

v Y
flo Usinanuieuanuaterindndesnsznuiiuimmdnvesons uaziinsi
9 A Y ) Aa A & ) Y dyd v z:gl o a
ﬂ’J"IiJii’JHVIHﬂQﬂTfﬂH@TﬂWﬁIﬂﬂi%qmﬁﬂill‘i/lﬂﬂm"l HINTTUIANUIDUUUATVUNUFUAUDN

G

[

Fagldnoadsenunsosiuan ldninaunisf 30-31wagniwi 16
— \'23
do = X720 jUA(teo-js — trc) (30)

qo = CoUA(tep — trc) + ¢ UA(te -5 — tre) + - + C23UA(tep_235 — trc)(31)

Tagh  qg A M3haNuTous 1w Tug
A [ a & o Y
U Ao MaulszansnisinNuIous I
A tﬂy d‘a %
A A9 NUNNIV DA
A @ ) 9 )
G D maﬂizﬂ@uauﬂimammmmimmmiauim%’ﬂm
A a A T, Q'J d‘ ]
teo-js D YUUHUINYVIN; ¥ T NEIUNN
A a 9
tre D QUNHUNOI

o a Jda @ o ' @
mM3hanuieunInueseNadiumiteIns wagmsihnuiouriunainIeIn1s oy
19350 1n3u1a1999715111A2W50U(Conduction  Time ~ Series)¥alin13AuAI8A1152nOU
mgm‘maaWmmil‘imam%’auﬁwﬁﬂm (Conduction Time Series Factors) Lﬁ@iﬁﬂﬁﬂ

Ysmnaanudeundigoimssies Tusauaunisi 28-31

5. anusounn lndosaing

Tdesanedailuginsal Wi ailF luemsyaurs lundaziosreserasil

v v

v 2 v
ANuADIMIHaa 119 lumiu Yuegiudnyuzms 190w wu Suemsminnudens
' 1] T Y 1w I FY [ z 9o o < 9 =
paadntiesndrodidalu Isanena udu dniu dgaamszinuguszdeuasn
SN Ia a2 NI 04 115001113 INAITNAANUIN N1-N2 HIDIIN

o A . &£~ o 1 Y 1
ﬁuQﬁE]Spltler(2009)"Nilﬂ15ﬂ1‘ﬂuﬂh1¢]§§1uﬂ’ﬂuﬁ’?}1Q1uﬁﬁlﬂlmﬁgﬂizlﬂ%

6. ANMUTOUNNNINTTUA VOIUYHE



25

4

a 1 L4 1 Y a [ 9 d? £ 9 A (A
Gluﬂi]ﬂ’iillﬁﬂx‘lc] "Uﬁ)x‘lﬂJl{HEﬁ]gﬂﬂi‘l’ilﬂﬂWﬁNﬂm’NNiﬂu"Uu FIANUTOUNULT U
1 @ a A a d‘y [} a k) s a v o w =
UANANNUATUNINTIUNNAUVU LY ‘]Jilﬂiuﬂ?]"mii’]‘LlGUE’NllHH8%1ﬂﬂ1ﬂﬁﬂﬂ@@ﬂﬂ1ﬂﬁﬂ18%$ﬂ
1 1 o o o 3 1 Y U
AmunnMIHaiauludninau Lﬂuﬁ’u ﬂ’J"IlI%jﬂuma']ﬁﬁ']‘JJ"Iiﬂﬂ"lﬂW%']ﬂG]'liNﬂ']ﬂW‘Ll’)ﬂ
o a a 1 s A
Y W%"E]iﬂﬂﬂux‘lﬁflSpitler(2009)1ﬂEJLﬁE]ﬂal“]gf}ﬂiu1mﬂiﬂu%)ﬂu%1ﬂﬂi]ﬂ§im5]NG] mamgmﬁm@

59meluens

9] J g ¥ Y
7. anwusounnginiaiaieg nlvanuiou
1< @ & A a 9 1 J @
gilnsal i luermsidludaildoniisine lfinannufeudslinuandraiuay
a o Yo U A v A

FIAUDIQUNTal IAsAMUINTIITONIAINNAITNNANUIN AT-ATHIDIINHIITD
o w J ! I
Spitler(2009) Ingtaonldtae I fhvesginssiaieg Nldanuiouamilszinnvesgilnssin

IFauneluias

[ v 4 v
Wesuamlsunannuiousied Tuananua azamnsomisanuiounsiuanld
<3| 1o 1 . a { 1
Wumswinnudou uazmsunsadiinge1n13(Goldstein et al., 2002)U5umanusoundg
o o o < 1A
pimsnInmsmnanuiou awnsoth ldfunamnseinnusuldTaeass uadiuunnm
Founnmunsad szdeninnAaauitoynsunarvesmsudssdnoudsz o lsaw
v a Yy Ay y ¥ £ I o d Ay ;
nulsinaanudeun ldninmsmanuiou Fezilumsginnudundenis (Spitler et al.,
1997)
ax Ty aA AAq Y =} a 9
AFOYUNINNNIVOINMIUANTITADITN oy NINVBIANNUTINUANNTOUIINMT
4 v
UR5IAONUINININ WITT WA taznszan TaeduimanlSunaanusounazanlunaas
&y a Ty A ' ) £ ax 5% ddyd axA
NWuAazursIFoonu luuaaz 5 Tue FIToUNTUNAVEINTHHTITILTUITRO 1Az
1 o @ Aa Y % " o 1
uaiudn Wuntienlumslganuluilagiiv (Chen and Cui, 2010)mM s ludrvoynsual

YoIMIUHSIFaNIamuIa IdnaunIsN 32 uaznwn 15-16

Qo =T1oqe + r1ge-s + =+ + r23qe-23s (32)



26

{ o < )
TagN Qg Ao MIzMANMEUT 1T T
A 9 A w o
de A9 ANNTOUNTUT 1T 119
A ] Ao ) A
qo—ns ABAMNTOUNTUN B2 T NE LN
To, T, o Ap A1lTENeUBUNTUNAIVEIMIUATITT 1892 Tag

= g . =
( hmeamdeuiivhigomsshunizn )

E.n,d Et,r

o] |

[ » ]
+ dc = UA(Tou = Tin) Jo |

/ A / /SHGC(B) / [ a ] _fsnccdiffuse}?

b = EpAsuniaSHGC(0) H qa = (Er.a + Ecr)A - SHGCqigruse }‘J

Q=qp+4q +9qc

" dsmanmste T

T Towmnmden __— |
T l MGUHT R ‘
nim | Qro = folro + r1qro—1 + r2Qrp-z + -+ rasdro-23

I

-~ -,
3, o
( MIEMATLEY >

! o o < [l
ﬂ1Wﬁ lsm‘iﬂmm&511ix1/1mamwumﬂmmgaumuﬂimﬂ



27

- 1
C QUM )

‘ qi,0-n — UA(te,e—n = t1"(:) ‘

I

qe = Co4ip t C19i,8-1 T C24ip-2 + -+ C230je-23

I

UszianmsateTou

¥
ANNIOU

o =
MNTLUATIT

l

Qre = rodre + r1Qre—1 + r20re-—2 + --*+ raadre-—23

N1

o <
< MITMANUeY >

3 o o < 9 1 o o
cﬂTINﬁ 16N1TATUIUNTITESNIANNEUIINAIINIDUNTHUHNUILAS AN

° o < Vo o A ' o o <
nnmssiuramsgianuiu wunieseniinasemssiurumsginnubune
a [ 1 4 o o < ' A
Filavodiagnodas N ipsnnmsmuiansginnuduizdesldmaaauiadiuanuion
Yosiaqneastuienmssiuinumsoie lounnudougneluoimsmguavianiuaiuiou

Youiaqhldaiveras laena livziideyavesiagainan lasuanuiion Taena 11 ualu

A o "y A ] 1 A Y a
ANuTluazadagnedai g azgnidenlFumuLdaz s s ionINANUHINE ANATUYI
Uszingt gliorma dunu a9 Felundazlszmavziinnuuananiu ualulszmsiog

u

a A % IS

IndfsanuneTugimameddu 019 1850anTwannIausssy uazlianmoimeanIndfio

=

[ o Yy 9 o A [ (] [ 9 dy 1 =\ 9 ] 1
num liimsldiag e uiusurainyuaensziodims Isegamsvate u
a 4 1
Uszmalng Uszmevnaie 1szmadan11)s (Zulkarnian and Harun, 2013)910013AAKINLN
2 v Y
nszilesinidenldludszme Insuazdszmalndifesannsoangangiilaaninszides
- 2 CA A - 2 o oA 4
Tuitle aznsziiodaduglonsuNUQUHNNeUBNT 29.1 DIFITAITE (WAN, 2552)%9
919 lamauanaaiu lulsemeanund Smsumisennsvealseme Inesintion 1 v
a [ a 9 Y o =S Aa o 4 a\ a [
g1 dguerny 1duuy (1969) nounia 1aa (35Tl uazeyy, 2554 uenainyiiavesiag

q

! Y Y o a v 9 @ 1 Y A 1 U v
NBTI WA Emﬁjﬁ]ﬁ]ﬂmummwmmmaﬁﬂﬂ@ﬁiN‘Vlmwaiﬂﬂmmﬂmimﬂaummiau



28

[ 1 4 o Aaov o @
ge1MIAIe BigNIuA (2543) 18N ITeRavreIMI1hANNToUINANUHUIUBINII
WUNHITINTANUHUT 30 5UALAT 2T U19A 1T ou' IdanIWITINUT 20 tag 10

IFUAINAT MURINY LAz 30 IsuAaT Gaansnaadiuaunnusounioieng

a2 9

2115 IANINAWITINKUT 20 1AL 10 FUANUAT MU IFUDNAIGUDNIINANUNUIUDIHIT
v Y
udrms ldauiuanudousunumiseas lasuanutsunundu Tasdmiavonuiu
9 = Y] a 9 ~ Y 1 A 9 9
anudoulina lasasanulSunannudouiihgermsnanaemsnsauiuanuioul3
9 = 1 9 9 1 [
melueiasez lamaaniinsenuiuanusou inmesueneiaslugianainalaiu (Preecha

et al.,2013)

INMIANH NV M3 Touaus ouIzNAIUMITIDIATUTENRL 50-60 %UD 4

v
[ [ =

] ) 9 3 & A~ o 3 o A va
ﬂ”l'iﬂ?fli’ﬂuﬂ’ﬂl]’i’E]lll"lﬂ@Tﬂ”l'ile‘l“HiJﬂ‘ﬂf\‘]ﬂﬂ’ﬂﬂﬁﬂﬁ’lﬂﬂq\?ﬂﬂuuN‘L!Q’t’)”lﬂﬁ‘i/mﬂmﬁﬂ‘]_lmﬂu

Y] U

Y R A A £ A Y Yy A @ o
ﬂu')i‘lﬂ'ﬂi\li@uﬁ]\uﬂu@ﬂ‘VI'NLaf’Jﬂﬁux‘liulﬁ@ﬂGlG]fHJu?ﬁﬂﬂ@ﬁﬁ’]ﬂlwrﬂﬂ'ﬁﬂigﬁfJﬂWﬁQ\‘]”Iu

a

(®Y1, 2542)

(%

TuermsduInaiindinig 15 3aq Tus weass i Tnseadeilvugaiomunaaaing

4

a Y { 1 L I~ @ @
asssua Tagaams lswasau lihnlduasadng dudinfuiauinsvesmsoysng

Sq Y

@ A A @ 1 a J [ Qa: @
WA uadanuN Ui uLAIEININUAIINAIAD ANNTOU AuiumsienlFTaa A
1 a J ] 9 [ 9 YR A Ao
uesaInnaNemaddosud i luomsuaansoaannuiou lasaiunuinanaly
v J o a a dyd 9 a [} Y ]
MIOUTNENEINU 3R, 2547) TaguuAatinnms 19911939 151 Hoalaalng veq
a v a o 9 a dy v 9 Yo A .
uINdeFuIag lsuuiaailumsnedinalaelsiaane Green Tinted Glass 111 6
HaauAIPVB Film ¥U1 0.38 HaauasLow-E Coated Glass Y41 4 UadtuaI Air Space ¥ 12
NaaA3Clear Glass ¥ 3 WaawAPVB Film 11 0.38 UaauasClear Glass 111 30aaNa3
roaanusoudngnelueimsuanasansorudimnIue1ns'la (Apichat and
Supachart, 2008) uennudsndouingermsildinanasaiudduilfinamsvyuion
2 a4 A g v Yy 1y A g9
94011718 110 1AIFI01UNIAAAITLVUTLUIEDINAAIBANLTOUTINAIY 1o T4

NYUDIUDIMAUNUNAANTEIBOINA (ANTWINY, 2547)

A 1A A v @ ddy Ao w Y Y A [
GﬂiJfJ"IﬂTi“IgﬂﬂluLlJﬂﬁﬂluWﬂiﬁiyﬂNﬂ’NﬂJLlﬂ@ﬂllﬂiJW‘Ll’ﬂ’iﬂﬂﬂ fﬂiﬂ@jﬂ@ullll nIDNIIA
Y Y

A A A di o T a [ A A a 091}
WUNTUVYANDNITUNNDULAS AN I ‘L!EliJi]ﬂ’ﬁﬁi‘Wuﬂﬂilﬁm%uﬂWﬂﬁT%@ﬂ@iﬂﬁﬂgﬂ Tu



29

v '
Y Y = @ a A

Y o = = [ £ Y a A I
ﬂﬁﬂ@'ﬂ@luhluuuﬁlgﬁﬂxmﬂﬁ‘ﬂmﬁﬁEJiJﬂl.l‘VliJﬂ’NiJ‘l’iuﬁng‘I’iu 'l’;mnmmﬂﬁmmmwmﬂu

b4
=

Sde A Y a 4 = 1 o [ == 1 9 A
ﬂTﬁGl‘]ﬂ"lu‘ﬂ‘ﬂlliW?H?NEl“ri‘LﬂﬂﬂiZIU%uﬁQﬁﬂ%QWU’ﬂﬂﬁﬁ]ﬂﬂﬁaﬂ‘ﬂﬂwuiJWﬂ@lﬂﬂ’ﬂll‘i@uﬂgﬂ

U U Q

a o

[ Y ] [ A I 9 A = =y

o lowdngeimsrunasnuiiesnnauiaiiunuiuanudounalszinnwils mswioums
Ugndulduumaiheias Taeldauiinnumun 0.2 was wuhamsoaamsnigTouau

9 1 [} 9 1 v A F=| = ya o w d!
Fourunain ldnnnnmsUSuauldianumun 0.1 was uaz liimsldan amday g
v Yy g v ¢ o ~ = o 1 y_ A
taldntumseySniwdsnudnnienile nazdeneanan1z landoudremsilgnau1ddn

Ay (Sittipong and Pichai, 2012)

o o 3 Y a Yo A tﬁgj
MIMuIUMIZIaNNEude TUsunTuARLN NS 1T UANUTENINUY
=\ Aa P o ) <3 a d? 9 o Y (o
UTlsunsuneuiumes nasadnumszinnusunatunn gianlalsuilis
o 9 A A Yo a
anuansalumssna mslyanunde uvazvanvate Tagllsunsun ldsuanuienylu
199118110 DOE-2 BLAST IBLAST 118¢ Energy Plus #auaaz Tdsunsuiinnuuanaieiu

uaaaluaisnan 1-3



30

~ = ~ ' ° o IS 9 va o
M1 N ll,‘]JifJﬂJLVIEJTJﬂ?T?JLLGIﬂ@]?ﬁiﬂillﬂﬁﬂﬂ?ﬂ?ﬂlﬂ1§$ﬂ1ﬂ31NLﬂHQTUQmﬁMU@VI'Jnl,‘]J

General Feature DOE-2 BLAST

IBLAST

Energy Plus

Integrated, simultaneous solution No No
Integrated loads/systems/plant
Iterative solution

Tight coupling

Yes

Yes

Multiple time step approach No No
User-defined time step for

interaction between zones and

environment (15-min default)

Variable time-step for

interactions between zone air

mass and HVAC system (1 min)

Yes

Yes

Input functions Yes No
Users can modify code without

recompiling

Yes

Reporting mechanism
Standard reports Yes Yes
User-definable reports Yes No

Visual surface output No No

Yes
Yes

Yes

ﬁlﬂ:CraWIeyet al. (2001)
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Loads Feature

DOE-2

BLAST

IBLAST

Energy Plus

Heat balance calculation
Simultaneous calculation of
radiation and convection

processes each time step

Yes

Yes

Yes

Interior surface convection
Dependent on temperature and air
flow

Internal thermal mass

Yes

Yes

Yes

Yes

Yes

Yes

Moisture absorption/desorption
Combined heat and mass transfer

in building envelopes

Yes

Yes

Thermal comfort
Human comfort model based on
activity, inside drybulb, humidity,

and radiation

Yes

Yes

Yes

Anisotropic sky model
Sky radiance depends on sun
position for better calculation of

diffuse solar on tilted surfaces

Yes

Yes

Advanced fenestration
calculations
Controllable window blinds

Electrochromic glazing

Yes

Yes



M13199 2(AD)

32

Loads Feature DOE-2 BLAST IBLAST Energy Plus

WINDOW 5 calculations

More than 200 window types - Yes No No Yes
conventional, reflective, low-E,
gas-fill, electrochromic
Layer-by-layer input for custom No No No Yes
glazing
Daylighting illumination and Yes No No Yes
controls

Interior illuminance from
windows and skylights

Step, dimming, on/off luminaire
controls

Glare simulation and control
Effects of dimming on heating

and cooling

i :Crawleyet al. (2001)
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HVAC

33

HVAC Systems and

Equipment Feature

DOE-2

BLAST

IBLAST

Energy Plus

Fluid loops

Connect primary equipment and
coils

Hot water loops, chilled water
and condenser loops, refrigerant

loops

Yes

Air loops
Connect fans, coils, mixing

boxes, zones

Yes

User-configurable HVAC

Systems

Yes

High-temperature radiant heating
Gas/electric heaters, wall

radiators

Yes

Yes

Yes

Low-temperature radiant
heating/cooling
Heated floor/ceiling

Cooled ceiling

Yes

Yes

Atmospheric pollution calculation
CO2, SOx, x, CO, particulate
matter and hydrocarbon
production

On-site and at power plant
Calculate reductions in

greenhouse gases

Yes

Yes

Yes
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M13199 3(AD)

HVAC Systems and DOE-2 BLAST IBLAST Energy Plus

Equipment Feature

SPARK link No No No Yes

TRNSYS link No No No Yes

nn: Crawleyetal. (2001)
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 0F Edtor- (s TohibeDeskiop € for DeRUnedsd I

& File Edit View Jump Window Help

D ||| Mewobi | DupObi | DelObi | Copyti | Faeon |

Class List Comments from IDF
SurfaceConvectionalgonthm: Dutside -
-] HeatB alancedlgarithm lj
-] HeatB alanceS ettings: ConductionFinitel ifference

-] ZonediH eatB alancedlgonthm

-] ZonediContaminantBalance

------ ZoneCapacitancetiultiplier Rezearchs pecial
0001] Timestep

------ ] Convergencelimits

------ ] ProgramControl

R E xplanation of Object and Current Field

Obiject Description: Specifies the building's lacation. Only ane location iz allowed.
‘Wwizather data file location, if it exists, will ovemide this object.

Field Description:

ID: &1

Enter a alphanumeric value
= |This field iz required.

-] SizingPeriod.DesignDay

Field Onits Ot
Mame
Latitude deg 1392
Longitude deg 100.6
Time Zone hir 7
Elevation m 12
\energy+ idd | EnergyPlus 8.0.0.008 | | THA_Bangkok 484560_IWEC

MWA 19 M3AA1115Un5U Energy Plus 1
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2 1DF Eitor - (CAUsers\oshibo\Desktop\EPfor DefUnttdiot )

‘€ File Edit View Jump Window Help

D ||| Newobi | Dupobi | Delobi | Copybi | oo b

Class List Cornments fram IDF
[0001] Timestep T

[------] ConvergenceLimits

[----] ProgramCaontral u

Compliance Dbjects

[0001] Site:Locatia Esplanation of Object and Curent Field
izi Perid' i

Obiject Description: Use a weather file period for design sizing calculations.

T Field Description: user supplied name far reporting

-] RunPeriod D &1 2
[---—-] RunPeriod: CustomB ange Enter 5 alpharumeric valug
[0010] RunPeriodControl.S peciall ays This figld is required.
[0001] RunPFeriodControl:Daylights avingTime S
Field Units Objl
M ame al
Begin Month 1
Begin Day of Manth il
End Maonth 1
End Day of Manth 21
Day of Week for Start Day Monday
Use Wieather File Daylight Saving Period
s Weather File Rain and Snow Indicators

|energy+.idd |EnergyPIus 8.D.D.DDB| |a1

v Y
MWA 20 M3AA1 1U5UN5Y Energy Plus 2



2 1DF Eitor - (CAUsers\oshibo\Desktop\EPfor DefUnttdiot )

‘€ File Edit View Jump Window Help

D ||| Newob

DupObi | DelObi | Copyobi| Fasteoni]

Class List

-] Congtruction: Clactorl ndergroundiaall
-] Congtruction:FfactarGroundFloor
-] Congtruction:ntermalSource

-] WindowT hermaltodel Params
-] Congtruction: ComplesFenestrationState
] CongtuctionindowD ataFile

Thermal Zones: and Surfaces

[0001] GlobalGeometyRules
[---] GeometyTransform
[0001] Zone_

[------] Wwall Detailed

Cornments fram IDF

Explanation of Dbject and Current Fisld

Obiject Description: Start with outside layer and work. your way to the inside layer
Up to 10 lavers total, 8 for windows
Enter the material name for each layer

Field Description:
1D: A1

[ FooiCeiingDetailed - |Enter a alphanurmeric valug

Field Units Objt Obj2 | Obj3 | Obj4

M ame E sterior Wall Esterior Boof E sterior Window
Outzide Layer 102 50rmrm ingulation +M07 100mm brick.  M17 100mmm lightwei Clear 3rmm
Layer 2 415 200mm heavyy M5 200mm heavyy FOS Ceiling air spaca Air 13mm
Layer 3 102 50mm inzulation F16 Acoustic tle Clear 3mm
Layer 4 FO4 wiall air spacer

Layer & G01a 19mm gupzum

Layer &

Layer 7

Layer &

Layer 9

Layer 10

|energy+.idd |EnergyPIus 8.D.D.DDB|

|Exteri0r Flaor

v Y
/WA 21 M3A 11s5unsu Energy Plus 3



€ IDF Editor - [CA\Users\Toshiba\Desktop\EP for DefUntitledidf ] B |

' File Edit View Jump Window Help

0| || mewobi | Dupobi | Delobi | copyobi| Paste s

Class List Cornments from [DF

-] ComfortVf iewFactoréngles
------ Lightsz

ElectricE quipment

-] GasEquipment

-] Hatw aterk quipment

-] SteamE quipment

-] OtherE guipment

------ ZoneB aseboard: Outdoor T emperatureControlled
ZoneContaminantS ourcedndSink: CarbonD ioxide

E xplanation of Object and Current Field

.1 FoneContaminants ourcedndSink: Generc: Constant Object Description: Sets internal gaing and contaminant rates for occupants in the zone.
] SurfaceContaminants ourcedndSink: Generic: PressureDiiver If you uze a ZoneList in the Z_one or ZoneList name figld then this definition applies
-] ZoneContaminants ourcetndSink: G eneric: Cutoffdodel ta all the zones in the ZaneList.

------ ] £oneCaontaminantS ourcedndSink: Generic:DecapSource | b P
Field D escription:

Field Units Obi1

Mame

Zone or ZoneList Mame 504526
Mumber of Peaple Schedule Mame Always On
Murnber of Peaple Calzulation kethod Peaple
Murnber of People 1

People per Zone Floor Area persondme

Zone Floor Area per Person m2/perzon

Fraction B adiant 1}

Senzible Heat Fraction autocalculate
Activity Lewvel Schedule Name Alwaps On
Carbon Dioside Generation Rate s .0oonoaoze2
Enable ASHRAE 55 Comfart \Warnings Ma

Mean Radiant Temperature Calculation Type Zonedweraged

Surface Nameddngle Factor List Mame
wiork Efficiency Schedule Mame
Clothing Inzulation Schedule Mame

Air W elocity Schedule Name

Thermal Comfaort Model 1 Type
Thermal Comfort Madel 2 Type
Thermal Comfart Madel 3 Type
Thermal Comfort Model 4 Type
Thermal Comfort Model 5 Type

|energy+.idd |EnergyPIus B.D.D.DDB| |aa1

MWA 22 M3AA1 115unsu Energy Plus 4
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£ IDF Editor - CAUsers Toshiba\Deskiop e for DefUntiiediaf )
‘& File Edit View Jump Window Help

0| || mewobi | Dupobi | Delobi | copyobi| Paste s
Class List

Cornments from [DF

Extenor Equipment

[-+-=] ExteriorLightz
[-++=] Euterior:FuelE quipment
[-++-] Exterior\/ aterE guipment

E xplanation of Object and Current Field

Object Description: Zone thermostat control. Referenced schedules must be
defined elzewhere in the idf. Thermostat contral type is
dual zetpaint with deadband. [t iz not necessamy to create

-] HYALTemplateZonePTAC
[-----] HYALCT emplate:Zone:PTHP
[----] HYALCTemplate:Zone: Lnitary b

a thermostat object for every zone, only for each unique
zet of getpoint schedules. For example, an office building
Field Units Obi1
Mame
Heating Setpoint Schedule Hame
Constant Heating Setpoint C 20
Coaling 5 etpoint Schedule Mame
Conztant Cooling S etpoint C 238

|energy+.idd |EnergyPIus B.D.D.DDB| |Constant Setpoint Thermostat

MWA 23 M3A 115unsu Energy Plus 5



44

& IDF Editor - [CAUsers\Toshiba\Desktop\€P for DefiUntitiedidf )
' File Edit View Jump Window Help

0| || mewobi | Dupobi | Delobi | copyobi| Paste s
Class List

Cornments from [DF

Extenor Equipment

[-+-=] ExteriorLightz
[-++=] Euterior:FuelE quipment
[-++-] Exterior\/ aterE guipment

: E xplanation of Object and Current Field
empl eal_oad n

[rerem] HVﬁCTepIate:Zone:Fanoil Object Dezcription: Zone with ideal air spztem that meets heating or cooling loads
[--] HYACTemplate:ZonePTAC ] e N
[-=-] HYACTemplateZone:PTHP Field Description: Zone name must match a building zone name
[----] HYALCTemplate:Zone: Lnitary - |ID: Al ; ]
Select from list of objects
Field

Zone Mame
Template Thermostat Mame

Constant Setpoint T

|energy+.idd | EnergyPlus 8.0.0.008 504526

MWA 24 M3AA1 115un5U Energy Plus 6
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G IDF Editor - CAUsersToshiba\Desktop &P for DeUntitiedit ]
' File Edit View Jump Window Help

0| || mewobi | Dupobi | Delobi | copyobi| Paste s

Class List Cornments from [DF

RepartingT alerances

Lok
-] Dutput:
------ ] Output:keter i eterFile0nly
] Output:keter: Cumulative
-] Dutput:Meter; Cumulative: MeterFile0nly

-] Meter:Custan

-] Meter:CustomD ecrement

-] Output:SOLite

""" { Eut|_:ut:Enw{olrrment?'!mptactFactors Explanation of Object and Current Field
------ nvironmental mpactFactors

...... ] FuelFactars Object Description: each Dutput ariable command picks vaiables to be put onto the st
0001] Output: Diagnostics zome varables may nat be reported for every simulation.

[-~] OutputDebuggingD ata B a list of variables that can be reported are available after a run on

[--] OutputPrepracessotMessage ~ |the repart dictionary file [rdd] if the Dutput: anableDictionary has been requested.
Field Units Db

Fep W alue

W arisble Mame
Feparting Frequency
Schedule MNarme

Zone |deal Loads Zone Total Cooling Energy
Hoaurly

|energy+.idd |EnergyPIus B.D.D.DDB| |*

MWA 25 M3AA 1U5unsu Energy Plus 7
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== Energy Plus  ==@=Microsoft Excel

3 o o < @ {
ﬂTWﬁ 26 Wﬂfniﬂ'lu')mﬂ'ﬁg‘ﬂ']ﬂ')'lulﬂuel]'ﬂqjuﬁ 2140319

o ] o A A Ay A A Y
n1§$ﬂ1ﬂ31mﬁlu1u’mﬂ 21 YDUADUNNITIANUAUTAIANTINAITINN SNLLU'JIUNW']N
A = o 2 o A a o o A o d%'
NINN 26UN1TEMANNIUATANLIAT 7:00 UIWN ﬁ1ﬁ§u1ﬂﬁllﬂiuﬂwmu’]6\lu uagan 7:00
a ) @ o < { a o @
HUIWNI ?nﬁi‘ujﬂillﬂill Energy Plus ﬁﬂ'ﬁgﬂ']ﬂj'lulﬂuqqqg’ﬁﬁwa'] 16:00 HIWNT FIHUTV

v Y
Tsunsuiianyu uaznal 16:00 W% 150 TU510TY Energy Plus



Y o o < Y {
ﬂ1§1\1ﬁ 5 Wamimuammiz‘ﬂWmmwumm’mﬁ 214N31AY

nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $orazny
(BTU) (BTU) AmAndeY
1:00 877.81 1,739.24 98.13
2:00 765.03 1,688.87 120.76
3:00 661.11 1,646.21 149.01
4:00 568.78 1,604.64 182.12
5:00 491.61 1,563.01 217.94
6:00 429.33 1,530.46 256.48
7:00 378.48 1,516.59 300.70
8:00 390.35 1,584.94 306.03
9:00 577.51 1,938.46 235.66
10:00 885.43 2,342.32 164.54
11:00 1,240.41 2,731.02 120.17
12:00 1,624.54 3,081.67 89.69
13:00 2,006.41 3,319.64 65.45
14:00 2,355.18 3,725.29 58.17
15:00 2,593.30 4,118.95 58.83
16:00 2,670.26 4,361.25 63.33
17:00 2,521.21 4311.69 71.02
18:00 2,208.25 3,807.66 72.43
19:00 1,920.90 2,806.02 46.08
20:00 1,688.81 2,423.15 43.48
21:00 1,486.50 2,238.03 50.56
22:00 1,305.51 2,112.48 61.81
23:00 1,147.08 2,013.79 75.56
0:00 1,007.15 1,928.92 91.52
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== Energy Plus  ==@=Microsoft Excel

3 o o < [ { o
ﬂTWﬁ 27 Wﬂfniﬂ]u')mﬂ'ligﬂ']ﬂ')'lulﬂuel]@\ijuﬁ 21Q3Jﬂ'lwuﬁ)

o < o A A v Jda A A 9
s nuanluiug 21 VDUADUNUMWUTUAULTAIAINATT NN 63JLL‘L!')I‘L!3JG]']3J
d' = o < (; dl a ) v d' v d?
NINN 270N TEMANNIUATIZANLIAT 7:00 UIWNT #1150 1UsunsuNWAIIYY tazal 7:00
a o @ o < { a 9 o
Wi dmisullsunsy Energy Plus ﬁmizmmmmuqaqﬂﬁnm 16:00 HIWNT F11ITV

v Y
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Y o o < [ { o
ﬂ151\1ﬁ 6 Waﬂ’]iﬂ”ll!]mﬂ”li%ﬁ‘ﬂTﬂUTNLﬂuﬂJﬂﬂjuﬁ 21?]‘3Jﬂ”IW°L!TJ{

nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $orazny
(BTU) (BTU) AmAndeY

1:00 141121 1,952.38 38.35
2:00 1,255.52 1,899.40 51.28
3:00 1,116.00 1,854.27 66.15
4:00 989.81 1,811.20 82.98
5:00 878.36 1,768.34 101.32
6:00 779.35 1,733.80 122.47
7:00 701.60 1,716.84 144.70
8:00 729.70 1,781.94 144.20
9:00 979.61 2,175.13 122.04
10:00 1,399.52 2,612.70 86.68
11:00 1,924.87 3,024.94 57.15
12:00 2,513.34 3,402.48 35.38
13:00 3,098.98 3,677.50 18.67
14:00 3,602.30 4,125.23 14.52
15:00 3,948.55 4,564.33 15.60
16:00 4,076.02 4,836.40 18.65
17:00 3,907.89 4,773.48 22.15
18:00 3,475.16 4,199.36 20.84
19:00 3,004.52 3,091.05 2.88
20:00 2,611.61 2,628.66 0.65
21:00 2,286.72 2,432.59 6.38
22:00 2,011.48 2,301.57 14.42
23:00 1,781.01 2,199.77 23.51
0:00 1,588.21 2,112.76 33.03
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== Energy Plus  ==@=Microsoft Excel

H o o < @ {
MNA 28 HANMIAMUIUANTTINANUTUVDIIUN 21TUIAN

o < o A A = A A A 9
ﬂﬁz‘ifnﬂ’ﬂﬂttl‘lﬂ‘l!’sl!ﬂ 21 YDUADUNUIANUAULTAININATITINN 71]!L1!’]IH3J€5113J511W
A =\ o < 3 A a o o A o dg}
N 28UNITEMIANUIUAITANLIAN 7:00 UIWN mmuiﬂmﬂiwwmuwu azal 7:00
a ) @ o < { a o o
HIWN fﬁ‘lfii‘UIﬂiLLﬂﬁJ Energy Plus ﬁmszmmmmuqaqﬂﬁnm 16:00 HIWNT ATV

v Y
Tsunsuiiaunyu uazal 16:00 WK d 150 1U51058 Energy Plus



Y o o < Y {
ﬂ1§1\1ﬁ 7 Wamimuammiz‘ﬂWmmwumm’mﬁ 21ﬁmmJ

nal 11/51n54 Energy Plus  11514n53 Microsoft EXCEL $ovaznny
(BTU) (BTU) AmAInde
1:00 1,821.86 2,137.42 17.32
2:00 1,672.46 2,081.01 24.43
3:00 1,537.95 2,032.58 32.16
4:00 1,414.20 1,986.60 40.48
5:00 1,301.15 1,940.98 49.17
6:00 1,194.96 1,903.78 59.32
7:00 1,113.19 1,884.34 69.27
8:00 1,148.46 2,023.04 76.15
9:00 1,333.31 2,456.01 84.20
10:00 1,669.07 2,895.56 73.48
11:00 2,122.06 3,300.62 55.54
12:00 2,634.89 3,676.70 39.54
13:00 3,143.09 3,977.62 26.55
14:00 3,568.54 4,450.54 24.72
15:00 3,878.77 4,909.82 26.58
16:00 4,023.03 5,186.11 28.91
17:00 3,976.62 5,099.73 28.24
18:00 3,731.61 4,472.36 19.85
19:00 3,363.38 3,303.86 -1.77
20:00 3,007.83 2,809.99 -6.58
21:00 2,695.15 2,608.93 -3.20
22:00 2,425.12 2,473.26 1.98
23:00 2,196.52 2,367.56 7.79
0:00 1,997.70 2,277.30 14.00

54



55

6,000.00
=)

H

a

= 4,000.00
D

=

o

E  2,000.00
o=

93

ad

=

1 23 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24

a1 (2 119)

== Energy Plus  ==@=Microsoft Excel

3 o o < @ {
ﬂTWﬁ 29 Wﬂfniﬂ'lu')mﬂ'ligﬂ']ﬂ')'lulﬂuel]ﬂ\T)uﬁ 214U

o < o A A PSP A A 9
ﬂ’lﬁg‘ﬂ'lﬂ’ﬂlllﬂuglu’lu‘ﬂ 21 YDUADUINHIYUUAULTAIATNATIT NN SN!LU’JIUNW']NJHW
A = o 3 o A a ) o A o dy
N 29UNTEMANUIUAITANLIAN 7:00 UIWN ﬁ’lﬁiﬁiﬂﬁllﬂin‘ﬂwwu'ﬁlu tagal 7:00
a ) o ) < { a o [
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Y o o < Y {
ﬂ1§1\1ﬁ 8 Wamimuammiz‘ﬂWmmwumm’mﬁ 218U

nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $orazny
(BTU) (BTU) AmAndeY
1:00 1,556.01 2,300.71 47.86
2:00 1,456.40 2,243.53 54.05
3:00 1,358.83 2,195.84 61.60
4:00 1,268.70 2,150.12 69.47
5:00 1,185.29 2,104.97 77.59
6:00 1,107.68 2,067.21 86.62
7:00 1,070.33 2,047.58 91.30
8:00 1,152.36 2,325.16 101.77
9:00 1,371.54 2,716.36 98.05
10:00 1,726.67 3,083.98 78.61
11:00 2,136.43 3,409.88 59.61
12:00 2,511.64 3,708.86 47.67
13:00 2,879.56 3,955.30 37.36
14:00 3,214.61 4,390.05 36.57
15:00 3,478.97 4,820.95 38.57
16:00 3,570.50 5,101.50 42.88
17:00 3,454.50 5,092.28 47.41
18:00 3,180.15 4,642.89 46.00
19:00 2,847.62 3,626.91 27.37
20:00 2,545.86 3,008.20 18.16
21:00 2,281.07 2,784.37 22.06
22:00 2,051.35 2,637.01 28.55
23:00 1,854.76 2,526.39 36.21
0:00 1,686.66 2,434.62 4435
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nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $osazny
(BTU) (BTU) AmAInde
1:00 1,294.71 2,223.90 71.77
2:00 1,202.78 2,165.98 80.08
3:00 1,116.06 2,118.85 89.85
4:00 1,036.64 2,074.28 100.10
5:00 965.08 2,030.79 110.43
6:00 903.66 1,994 .48 120.71
7:00 888.15 2,002.14 125.43
8:00 977.49 2,306.88 136.00
9:00 1,177.43 2,685.16 128.05
10:00 1,472.42 3,042.47 106.63
11:00 1,847.85 3,359.46 81.80
12:00 2,216.51 3,643.98 64.40
13:00 2,480.40 3,867.66 55.93
14:00 2,671.22 4,271.54 59.91
15:00 2,790.97 4,678.77 67.64
16:00 2,835.39 4,957.84 74.86
17:00 2,755.31 4,981.43 80.79
18:00 2,561.63 4,617.19 80.24
19:00 2,300.55 3,727.27 62.02
20:00 2,061.65 3,005.21 45.77
21:00 1,859.01 2,755.07 48.20
22:00 1,688.95 2,595.67 53.68
23:00 1,539.42 2,480.11 61.11
0:00 1,406.27 2,385.85 69.66
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nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $orazny
(BTU) (BTU) AmAndeY
1:00 1,430.88 2,162.64 51.14
2:00 1,311.83 2,093.87 59.61
3:00 1,206.22 2,038.45 69.00
4:00 1,109.65 1,992.37 79.55
5:00 1,026.32 1,951.26 90.12
6:00 956.95 1,917.06 100.33
7:00 931.23 1,894.68 103.46
8:00 1,005.37 1,920.26 91.00
9:00 1,194.17 2,229.51 86.70
10:00 1,474.87 2,610.79 77.02
11:00 1,783.98 2,971.95 66.59
12:00 2,091.13 3,285.90 57.14
13:00 2,414.63 3,343.80 38.48
14:00 2,715.34 3,674.47 35.32
15:00 2,944.43 4,096.76 39.14
16:00 3,032.18 4,503.25 48.52
17:00 2,959.53 4,787.32 61.76
18:00 2,762.52 4,834.25 74.99
19:00 2,494.08 4,502.51 80.53
20:00 2,246.84 3,691.10 64.28
21:00 2,034.12 2,997.79 47.38
22:00 1,849.93 2,639.53 42.68
23:00 1,695.39 2,465.62 45.43
0:00 1,567.18 2,342.41 49.47
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nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $osazny
(BTU) (BTU) AmAInde
1:00 813.56 2,138.98 162.92
2:00 734.65 2,069.99 181.77
3:00 663.19 2,013.89 203.67
4:00 598.51 1,967.58 228.75
5:00 543.16 1,926.05 254.60
6:00 495.99 1,891.62 281.38
7:00 483.37 1,868.58 286.58
8:00 557.21 1,875.61 236.61
9:00 713.48 2,162.74 203.12
10:00 924.76 2,546.31 175.35
11:00 1,152.53 2,912.98 152.75
12:00 1,388.48 3,231.60 132.74
13:00 1,687.32 3,277.50 94.24
14:00 1,972.80 3,607.05 82.84
15:00 2,241.05 4,037.47 80.16
16:00 2,390.52 4,460.42 86.59
17:00 2,363.69 4,766.07 101.64
18:00 2,192.38 4,834.37 120.51
19:00 1,918.47 4,515.47 135.37
20:00 1,613.84 3,699.64 129.24
21:00 1,336.65 2,923.72 118.73
22:00 1,150.87 2,601.97 126.09
23:00 1,014.01 2,431.06 139.75
0:00 905.54 2,309.25 155.01
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nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $osazny
(BTU) (BTU) AmAIndeY

1:00 1,615.46 2,106.08 30.37
2:00 1,463.69 2,039.62 39.35
3:00 1,337.68 1,986.11 48.47
4:00 1,228.63 1,941.93 58.06
5:00 1,136.42 1,901.29 67.31
6:00 1,058.64 1,866.94 76.35
7:00 1,024.00 1,843.07 79.99
8:00 1,099.88 1,849.88 68.19
9:00 1,272.13 2,112.13 66.03
10:00 1,560.32 2,473.57 58.53
11:00 1,971.78 2,812.95 42.66
12:00 2,451.16 3,106.30 26.73
13:00 2,948.98 3,117.31 5.71
14:00 3,441.83 3,448.27 0.19
15:00 3,815.58 3,891.14 1.98
16:00 3,990.63 4323.11 8.33
17:00 3,924.59 4,629.69 17.97
18:00 3,623.83 4,695.78 29.58
19:00 3,201.18 4,364.91 36.35
20:00 2,807.49 3,493.07 24.42
21:00 2,474.81 2,766.31 11.78
22:00 2,199.18 2,521.30 14.65
23:00 1,973.39 2,366.46 19.92
0:00 1,787.54 2,252.47 26.01
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nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $osazny
(BTU) (BTU) AmAInde
1:00 1,154.55 2,008.40 73.95
2:00 1,042.20 1,946.03 86.72
3:00 945.41 1,897.99 100.76
4:00 857.08 1,856.31 116.58
5:00 778.59 1,816.54 133.31
6:00 710.20 1,782.21 150.95
7:00 667.50 1,759.79 163.64
8:00 705.17 1,772.11 151.30
9:00 835.75 2,036.29 143.65
10:00 1,054.66 2,410.66 128.57
11:00 1,369.75 2,771.72 102.35
12:00 1,723.88 3,101.33 79.90
13:00 2,090.89 3,188.50 52.49
14:00 2,441.22 3,565.58 46.06
15:00 2,708.05 4,030.01 48.82
16:00 2,836.27 4,453.75 57.03
17:00 2,804.34 4,707.56 67.87
18:00 2,600.78 4,650.50 78.81
19:00 2,314.58 4,102.66 77.25
20:00 2,045.30 3,012.92 4731
21:00 1,803.01 2,595.28 43,94
22:00 1,597.41 2,401.88 50.36
23:00 1,429.18 2,272.48 59.01
0:00 1,289.95 2,170.08 68.23
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nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $osazny
(BTU) (BTU) AmAIndeY

1:00 1,802.43 1,949.13 8.14
2:00 1,674.03 1,892.87 13.07
3:00 1,558.06 1,848.93 18.67
4:00 1,448.95 1,808.81 24.84
5:00 1,346.68 1,770.33 31.46
6:00 1,251.15 1,737.64 38.88
7:00 1,201.99 1,718.44 42.97
8:00 1,357.57 1,746.13 28.62
9:00 1,688.98 1,987.26 17.66
10:00 2,136.23 2,382.08 11.51
11:00 2,656.84 2,772.25 434
12:00 3,205.08 3,128.88 -2.38
13:00 3,697.77 3,282.42 -11.23
14:00 4,065.91 3,678.58 -9.53
15:00 4,257.30 4,131.07 297
16:00 4,256.48 4,508.13 5.91
17:00 3,994.18 4,671.20 16.95
18:00 3,521.09 4,465.43 26.82
19:00 3,111.87 3,705.52 19.08
20:00 2,791.48 2,774.71 -0.60
21:00 2,528.70 2,497.79 -1.22
22:00 2,304.83 2,333.21 1.23
23:00 2,115.09 2,218.90 491
0:00 1,951.15 2,125.74 8.95
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nan 11/51n54 Energy Plus 11514053 Microsoft EXCEL $orazny
(BTU) (BTU) AmAndeY

1:00 1,347.43 1,895.50 40.67
2:00 1,200.97 1,840.75 53.27
3:00 1,069.77 1,797.42 68.02
4:00 949.62 1,758.70 85.20
5:00 841.12 1,720.84 104.59
6:00 743.49 1,690.30 127.35
7:00 689.71 1,673.74 142.67
8:00 871.97 1,682.44 92.95
9:00 1,304.86 1,883.88 4437
10:00 1,826.20 2,247.88 23.09
11:00 2,394.48 2,626.62 9.69
12:00 2,996.17 2,973.86 -0.74
13:00 3,550.82 3,103.49 -12.60
14:00 3,969.33 3,469.36 -12.60
15:00 4,195.99 3,885.74 -7.39
16:00 4,187.39 4,231.99 1.07
17:00 3,829.48 4,387.65 14.58
18:00 3,230.77 4215.36 30.48
19:00 2,753.22 3,525.44 28.05
20:00 2,401.94 2,901.21 20.79
21:00 2,121.40 2,477.25 16.77
22:00 1,887.53 2,300.64 21.89
23:00 1,688.48 2,180.65 29.15

0:00 1,512.79 2,087.03 37.96
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nan 11/51n54 Energy Plus ~ 11514n53 Microsoft EXCEL $orazny
(BTU) (BTU) AmAIAde
1:00 1,027.70 1,729.42 68.28
2:00 910.25 1,672.84 83.78
3:00 806.66 1,629.42 102.00
4:00 714.56 1,590.48 122.58
5:00 636.78 1,553.21 143.92
6:00 570.11 1,523.13 167.16
7:00 517.44 1,508.16 191.47
8:00 519.24 1,526.02 193.89
9:00 658.68 1,664.43 152.69
10:00 929.13 2,014.94 116.86
11:00 1,329.23 2,399.86 80.54
12:00 1,827.52 2,757.40 50.88
13:00 2,342.10 2,865.31 22.34
14:00 2,823.03 3,217.03 13.96
15:00 3,172.90 3,628.29 14.35
16:00 3,297.23 3,985.94 20.89
17:00 3,054.08 4,179.01 36.83
18:00 2,552.05 4,081.40 59.93
19:00 2,161.93 3,507.81 62.25
20:00 1,877.78 2,622.10 39.64
21:00 1,652.35 2,322.11 40.53
22:00 1,464.91 2,151.54 46.87
23:00 1,305.21 2,035.68 55.97
0:00 1,165.12 1,941.53 66.64
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81

Common Space Types LFD, Building-Specific Space Types LFD,
w/ft? w/ft?

Office—enclosed 1.1 Gymnasium/exercise center
Office—open plan 1.1 Playing Area 1.4
Conference/meeting/multipurpose 1.3 Exercise Area 0.9
Classroom/lecture/training 1.4 Courthouse/police station/penitentiary

For penitentiary 1.3 Courtroom 1.9
Lobby 1.3 Confinement cells 0.9

For hotel 1.1 Judges’ chambers 1.3

For performing arts theater 3.3 Fire Stations

For motion picture theater 1.1 Engine room 0.8
Audience/seating Area 0.9 Sleeping quarters 0.3

For gymnasium 0.4 Post office—sorting area 1.2

For exercise center 0.3 Convention center—exhibit space 1.3

For convention center 0.7 Library

For penitentiary 0.7 Card file and cataloging 1.1

For religious buildings 1.7 Stacks 1.7

For sports arena 0.4 Reading area 1.2

For performing arts theater 2.6 Hospital

For motion picture theater 1.2 Emergency 2.7

For transportation 0.5 Recovery 0.8
Atrium—first three floors 0.6 Nurses’ station 1
Atrium—each additional floor 0.2 Exam/treatment 1.5
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82

Common Space Types LFD, Building-Specific Space Types LFD,
W/ ft? W/ ft?
Lounge/recreation 1.2 Pharmacy 1.2
For hotel 1.3 Medical supply 1.4
For motel 1.2 Physical therapy 0.9
For bar lounge/leisure dining 1.4 Radiology 0.4
For family dining 2.1 Laundry—washing 0.6
Food preparation 1.2 Automotive—service/repair 0.7
Laboratory 1.4 Manufacturing
Low bay (<25 ft floor to ceiling
Restrooms 0.9 1.2
height)
High bay (=25 7.6 m floor to
Dressing/locker/fitting room 0.6 1.7
ceiling height)
Corridor/transition 0.5 Detailed manufacturing 2.1
For hospital 1 Equipment room 1.2
For manufacturing facility 0.5 Control room 0.5
Stairs—active 0.6 Hotel/motel guest rooms 1.1
Active storage 0.8 Dormitory—Iliving quarters 1.1
For hospital 0.9 Museum
Inactive storage 0.3 General exhibition 1.0
For museum 0.8 Restoration 1.7
Electrical/mechanical 1.5 Bank/office—banking activity area 1.5
Workshop 1.9 Religious buildings
Sales area 1.7 Worship pulpit, choir 24
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Common Space Types LFD, Building-Specific Space Types LFD,
W/ ft? W/ ft?
Fellowship hall 0.9
Retail
Sales area for accent lighting, see
Section 9.6.3(C) of ASHRAE 1.7
Standard 90.1]
Mall concourse 1.7
Sports arena
Ring sports area 2.7
Court sports area 2.3
Indoor playing field area 1.4
Warehouse
Fine material storage 1.4
Medium/bulky material storage 0.9
Parking garage—garage area 0.2
Transportation
Airport—concourse 0.6
Air/train/bus—baggage area 1.0
Terminal—ticket counter L5

Nan: Spitler(2009)
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Luminaire Category Space Fraction Radiative Fraction
Recessed fluorescent luminaire without lens 0.64 t0 0.74 0.48 t0 0.68
Recessed fluorescent luminaire with lens 0.40t0 0.50 0.61t0 0.73
Downlight compact fluorescent luminaire 0.12 t0 0.24 0.95t0 1.0
Downlight incandescent luminaire 0.70t0 0.80 0.95t0 1.0
Non-in-ceiling fluorescent luminaire 1.0 0.51t00.57

Nan: Spitler(2009)
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Degree of Activity Location Total Heat, Btu/h Sensible Latent % Sensible Heat
Heat,Btu/h Heat,Btu/h that is Radiant
AdultMale Adjusted, M/F Low V  HighV
Seated at theater Theater, matinee 390 330 225 105
Seated at theater, night Theater, night 390 350 245 105 60 27
Seated, very light work Offices, hotels, apartments 450 400 245 155
Moderately active office work Offices, hotels, apartments 475 450 250 200
Standing, light work; walking Department store; retail store 550 450 250 200 58 38
Walking, standing Drug store, bank 550 500 250 250
Sedentary work Restaurant 490 550 275 275
Light bench work Factory 800 750 275 475
Moderate dancing Dance hall 900 850 305 545 49 35
Walking 3 mph; light machine work  Factory 1000 1000 375 625
Bowling Bowling alley 15000 1450 580 870
Heavy work Factory 15000 1450 580 870 54 19
Heavy machine work; lifting Factory 1600 1600 635 965

98
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Degree of Activity Location Total Heat, Btu/h Sensible Latent % Sensible Heat
Heat,Btu/h Heat,Btu/h that is Radiant
AdultMale Adjusted,M/F Low V  HighV
Athletics Gymnasium 2000 1800 710 1090
Nan: Spitler(2009)
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Appliance Energy Rate, Rate of Heat Gain, Btu/h Usage Radiation
Btu/h Factor Fu Factor Fr
Rated Standby Sensible Sensible Latent Total
Radiant Convective

Cabinet: hot serving (large), insulated* 6800 1200 400 800 0 1200 0.18 0.33
Cabinet: hot serving (large), uninsulated 6800 3500 700 2800 0 3500 0.51 0.2
Cabinet: proofing (large)* 17400 1400 1200 0 200 1499 0.08 0.86
Cabinet: proofing (small-15 shelf) 14300 3900 0 900 3000 3900 0.27 0
Coftee brewing urn 13000 1200 200 300 700 1200 0.09 0.17
Drawer warmers, 2-drawer (moist holding)* 4100 500 0 0 200 200 0.12 0
Egg cooker 10900 700 300 400 0 700 0.06 0.43
Espresso machine* 8200 1200 400 800 0 1200 0.15 0.33
Food warmer: steam table (2-well-type) 5100 3500 300 600 2600 3500 0.69 0.09
Freezer (small) 2700 1100 500 600 0 1100 0.41 0.45
Hot dog roller* 3400 2400 900 1500 0 2400 0.71 0.38
Hot plate: single burner, high speed 3800 3000 900 2100 0 3000 0.79 0.3

68



M51WUINT Al (90)

Appliance Energy Rate, Rate of Heat Gain, Btu/h Usage Radiation
Btu/h Factor Fu Factor Fr
Rated Standby Sensible Sensible Latent Total
Radiant Convective

Hot-food case (dry holding)* 31100 2500 900 1600 0 2500 0.08 0.36
Hot-food case (moist holding)* 31100 3300 900 1800 600 3300 0.11 0.27
Microwave oven: commercial (heavy duty) 10900 0 0 0 0 0 0 0
Oven: countertop conveyorized bake/finishing* 20500 12600 2200 10400 0 12600 0.61 0.17
Panini* 5800 3200 1200 2000 0 3200 0.55 0.38
Popcorn popper* 2000 200 100 100 0 200 0.1 0.5
Rapid-cook oven (quartz-halogen)* 41000 0 0 0 0 0 0 0
Rapid-cook oven (microwave/convection)* 24900 4100 1000 3100 0 1000 0.16 0.24
Reach-in refrigerator* 4800 1200 300 900 0 1200 0.25 0.25
Refrigerated prep table* 2000 900 600 300 0 900 0.45 0.67
Steamer (bun) 5100 700 600 100 0 700 0.14 0.86
Toaster: 4-slice pop up (large): cooking 6100 3000 200 1400 1000 2600 0.49 0.07

06
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Appliance Energy Rate, Rate of Heat Gain, Btu/h Usage Radiation
Btu/h Factor Fu Factor Fr
Rated Standby Sensible Sensible Latent Total
Radiant Convective

Toaster: contact (vertical) 11300 5300 2700 2600 0 5300 0.47 0.51
Toaster: conveyor (large) 32800 10300 3000 7300 0 10300 0.31 0.29
Toaster: small conveyor 5900 3700 400 3300 0 3700 0.64 0.11
Walftle iron 3100 1200 800 400 0 1200 0.39 0.67

1311: Spitler(2009)
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Appliance Energy Rate, Btu/h Rate of Heat Gain, Btu/h  Usage Factor Fu  Radiation Factor Fr
Rated Standby Sensible Radiant

Broiler: underfired 3 ft 36900 30900 10800 0.84 0.35
Cheesemelter* 12300 11900 4600 0.97 0.39
Fryer: kettle 99000 1800 500 0.02 0.28
Fryer: open deep-fat, 1-vat 47800 2800 1000 0.06 0.36
Fryer: pressure 46100 2700 500 0.06 0.19
Griddle: double sided 3 ft (clamshell down)* 72400 6900 1400 0.1 0.2
Griddle: double sided 3 ft (clamshell up)* 72400 11500 3600 0.16 0.31
Griddle: flat 3 ft 58400 11500 4500 0.2 0.39
Griddle-small 3 ft* 30700 6100 2700 0.2 0.44
Induction cooktop* 71700 0 0 0 0

Induction wok* 11900 0 0 0 0

Oven: combi: combi-mode* 56000 5500 800 0.1 0.15
Oven: combi: convection mode 56000 5500 1400 0.1 0.25
Oven: convection full-size 41300 6700 1500 0.16 0.22

6



M5 WNUINT A2 (79)

Appliance Energy Rate, Btu/h Rate of Heat Gain, Btu/h  Usage Factor Fu  Radiation Factor Fr
Rated Standby Sensible Radiant

Oven: convection half-size* 18800 3700 500 0.2 0.14
Pasta cooker* 75100 8500 0 0.11 0

Range top: top off/oven on* 16600 4000 1000 0.24 0.25
Range top: 3 elements on/oven off 51200 15400 6300 0.3 0.41
Range top: 6 elements on/oven off 51200 33200 13900 0.65 0.42
Range top: 6 elements on/oven on 67800 36400 14500 0.54 0.4
Range: hot-top 54000 51300 11800 0.95 0.23
Rotisserie™® 37900 13800 4500 0.36 0.33
Salamander* 23900 23300 7000 0.97 0.3
Steam kettle: large (60 gal) simmer lid down* 110600 2600 100 0.02 0.04
Steam kettle: small (40 gal) simmer lid down* 73700 1800 300 0.02 0.17
Steamer: compartment: atmospheric* 33400 15300 200 0.46 0.01
Tilting skillet/braising pan 32900 5300 0 0.16 0

1311: Spitler(2009)
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Appliance Energy Rate, Btu/h Rate of Heat Gain, Btu/h Usage Factor Radiation Factor

Rated Standby Sensible Radiant Fu Fr
Broiler: batch* 95000 96200 8100 0.73 0.12
Broiler: chain (conveyor) 132000 96700 13200 0.73 0.14
Broiler: overfired (upright)* 100000 87900 2500 0.88 0.03
Broiler: underfired 3 ft 96000 73900 9000 0.77 0.12
Fryer: doughnut 44000 12400 2900 0.28 0.23
Fryer: open deep-fat, 1 vat 80000 4700 1100 0.06 0.23
Fryer: pressure 80000 9000 800 0.11 0.09
Griddle: double sided 3 ft (clamshell down)* 108200 8000 1800 0.07 0.23
Griddle: double sided 3 ft (clamshell up)* 108200 14700 4900 0.14 0.33
Griddle: flat 3 ft 90000 20400 3700 0.23 0.18
Oven: combi: combi-mode* 75700 6000 400 0.08 0.07
Oven: combi: convection mode 75700 5800 1000 0.08 0.17
Oven: convection full-size 44000 11900 1000 0.27 0.08
Oven: conveyor (pizza) 170000 68300 7800 0.4 0.11
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Appliance Energy Rate, Btu/h Rate of Heat Gain, Btu/h Usage Factor Radiation Factor
Rated Standby Sensible Radiant Fu Fr
Oven: deck 105000 20500 3500 0.2 0.17
Oven: rack mini-rotating* 56300 4500 1100 0.08 0.24
Pasta cooker* 80000 23700 0 0.3 0
Range top: top off/oven on* 25000 7400 2000 0.3 0.27
Range top: 3 burners on/oven off 120000 60100 7100 0.5 0.12
Range top: 6 burners on/oven off 120000 120800 11500 1.01 0.1
Range top: 6 burners on/oven on 145000 122900 13600 0.85 0.11
Range: wok* 99000 87400 5200 0.88 0.06
Rethermalizer* 90000 23300 11500 0.26 0.49
Rice cooker* 35000 500 300 0.01 0.6
Salamander* 35000 33300 5300 0.95 0.16
Steam kettle: large (60 gal) simmer lid down* 145000 5400 0 0.04 0
Steam kettle: small (10 gal) simmer lid down* 52000 3300 300 0.06 0.09
Steam kettle: small (40 gal) simmer lid down 100000 4300 0 0.04 0
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Appliance Energy Rate, Btu/h Rate of Heat Gain, Btu/h Usage Factor Radiation Factor
Rated Standby Sensible Radiant Fu Fr
Oven: deck 105000 20500 3500 0.2 0.17
Steamer: compartment: atmospheric * 26000 8300 0 0.32 0
Tilting skillet/braising pan 104000 10400 400 0.1 0.04

1311: Spitler(2009)
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Appliance Energy Rate, Btu/h Rate of Heat Gain ,Btu/h Usage Factor Radiation Factor
Rated Standby Sensible Fu Fr
Broiler: solid fuel: charcoal 40 1b 42000 6200 N/A 0.15
Broiler: solid fuel: wood(mesquite)* 40 1b 49600 7000 N/A 0.14

1311: Spitler(2009)
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Appliance Energy Rate, Btu/h Rate of Heat Gain, Btu/h Usage Radiation
Unhooded Hooded Factor Factor Fr
Rated Standby/ Sensible Sensible Latent  Total Sensible Fu
Washing Radiant Convective Radiant

Dishwasher (conveyor type, chemicalsanitizing) 46800  5700/43,600 0 4450 13490 17940 0 0.36 0
Dishwasher (conveyor type, hot-watersanitizing) 46800 5700/N/A 0 4750 16970 21720 0 N/A 0
standby
Dishwasher (door-type, chemicalsanitizing) washing 18400  1200/13,300 0 1980 2790 4770 0 0.26 0
Dishwasher (door-type, hot-watersanitizing) washing 18400  1200/13,300 0 1980 2790 4770 0 0.26 0
Dishwasher* (under-counter type,chemical 26600  1200/18,700 0 2280 4170 6450 0 0.35 0
sanitizing) standby
Dishwasher* (under-counter type, hotwatersanitizing) 26600  1700/19,700 800 1040 3010 4850 800 0.27 0.34
standby
Booster heater* 130000 0 500 0 0 0 500 0 N/A

1311: Spitler(2009)
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Equipment Nameplate, W Peak, W Average, W
Anesthesia system 250 177 166
Blanket warmer 500 504 221
Blood pressure meter 180 33 29
Blood warmer 360 204 114
ECG/RESP 1440 54 50
Electrosurgery 1000 147 109
Endoscope 1688 605 596
Harmonical scalpel 230 60 59
Hysteroscopic pump 180 35 34
Laser sonics 1200 256 229
Optical microscope 330 65 63
Pulse oximeter 72 21 20
Stress treadmill N/A 198 173
Ultrasound system 1800 1063 1050
Vacuum suction 612 337 302
X-ray system 968 - 82

1725 534 480
2070 = 18

1311: Spitler(2009)
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Equipment Nameplate, W Peak, W Average, W
Analytical balance 7 7 7
Centrifuge 138 89 87
288 136 132
5500 1176 730
Electrochemical analyzer 50 45 44
100 85 84
Flame photometer 180 107 105
Fluorescent microscope 150 144 143
200 205 178
Function generator 58 29 29
Incubato 515 461 451
600 479 264
3125 1335 1222
Orbital shaker 100 16 16
Oscilloscope 72 38 38
345 99 97
Rotary evaporator 75 74 73
94 29 28
Spectronics 36 31 31
Spectrophotometer 575 106 104
200 122 121
N/A 127 125
Spectro fluorometer 340 405 395
Thermocycler 1840 965 641
N/A 233 198
Tissue culture 475 132 46

131: Spitler(2009)
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245 Project:[RTS METHOD
246 Location:|ngamw
247 At Time :[14.00
248 Electrical Load
249 Lighting Load : 1.00 wift?
250 Equipment Load : 224.97 w Latent Heat Btu/hr/ unit
251 Sensible Heat 767 614 Btu/hr/ unit
252 People - 1.00 [Person Latent Heat 250 Btu/hr/ Person default = 250
253 Sensible Heat 200 Btu/hr/ Persan default = 200
254 Envelope Load
255|Roof Area : 20.9 |m?
256 Wall Windows :
257 North 11.607 m? North 2.328 m?
258 South 13.935 m? South 0 m?
259 East 13.935 m* East 0 m?
260 West 13.935 m? West 0 m?
261 Partition Load:
262 Wall: 0 m?
263 Glass: 0 m?
264 Floor: 20.90 m?
265 Ceiling - 20.90 m?
266 OA Load ETC.
267 OA/Person: 5 cfm. Safety Factor % 10
268 OA cfm: 1 cfm. By Pass Factor of Coil 0.00
269 OA cfm: 1.00 cfm. Supply Air Temperature 59.21
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FILE HOME = INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW

L] G = - o= = A o = AutoSum ~

D Ef;c:;y i Arial -0 A A T== - EWapTet General - ’;‘4 Q EEED Ex Ill EF”L:tvD K %Y H
Paste ) B I U-~ | &y~ ol i = | 200 Conditional Formatas Cell Insert Delete Format x Sort & Find &
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AB20 - fe
A B G D _HE F G H J K li M

1 Result of Estimate Cooling Load

2 Safety Factor % : 10 By Pass Factor of Coil : 0.00

3 Total Sensible Heat; Btwhr| 11071.52026 Reheating Coil : 0.00

4 Total Latent Heat ; Btuhr| 263.13716 Supply Air Temperature 59.21

5 Total Heat ; Btuwhr| 11334 65742 Chill Water Flow Rate :gpm 227

6 Room Sensible Heat Ratio 1| 0976784728 Effective Room Sensible Heat:| 11,061.97

i Effective sensible heat factor (ESHF)| 0980159166 Effective Room Tatal Heat :| 11,285.89

8 Apparatus dewpoint Temperature (T,qp)| 57.57370237 Room Sensible Heat:| 11,061.97

9 Dehumidified air quanlity (CFMg,)| 587.7649898 Room Latent Heat : 22392
10 Entering conditiona at apparatus (Teq,)| 7501447836 Supply Air Flow rate ; CFM,, : 61057
11 Leaving condition at apparatus (Ty)| 5757370237 BTU/mM? 542 33
12
13
14
15
16
15
18
19
20]~
21
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