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n.1 UHNDIMAIIAIGINUVL Test Reference Year ( TRY )

Wosnnnresauuuknzafmdsnizuliuemnuaz iz g soR
ez aunieldanmunadsnvssemsdntudostinaSoudonlsefininwm
mInnsessyuifueImmaszneemavaieg s Taslddeynnnmussanin |
WU YARYIU ﬁa&umhua1uqqﬁuu3nu1imﬁ'vnu"awuﬁmunmmpuummmn
iuysEuudFueIn e 1A The National Bureau of Standards (NBS) , The National Oceanic and
Atmospheric Administration (NOAA) {0 The American Society of Heating, Refrigerating, and
Air-Conditioning Engineering (ASHRAE) ‘6»:1#3'mﬁoﬁ'mﬁoﬁmmnm:pum:i’mﬁuﬁayn
ANMUTTEININ (climatological data package) Amurzaudmimh IS umsosniuuszuy
i ueImminy 3o (36031 Test Reference Year (TRY) #alsznoudauggiion’ne:

51092 Tuaveatlnasg §uam 8,760 ¥3Tus

ufhasasghiuy TRY ssiksznoudledoyniuau 8,760 suiiiou Teousnzsziiou
« -l L - -
sisznoudaeRndvesdoynnamusinmafaseiannamiiasvenméman 30 Hod
J g o A 1 -
Fa3wnziduavosusnsHaduzieamenIiei n. sugtumaednuuzveswduun TMY o

- J t -l - F | :
urasdapifi n.a(n) dawdinsnadentinasgnnivannsofiawr1dein DOE 2.1E [49]
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ANl n.1 umAsTwaziBuavoumiInigu TRY

FIELD TAPE :
NUMBER | POSITION FIELD DESCRIPTIONS REMARKS
00t 01 -05 STATION NUMBER Not used by program.
002 06 - 08 DRY BULB TEMPERATURE 000-140=0°- +140°F -0 - -80 =-1° - -80°F ,
999 = Missing
003 09-11 WET BULB TEMPERATURE 000 - 140=0°~ +{40°F, -0 - .80 =-1° - -RO°F ,
' 999 = Missing
004 12-14 DEW POINT TEMPERATURE Not used by program,
- 005 15-17 WIND DIRECTION Direction from which the wind is blowing in whole
degrees ( clockwise from north ).
000 = Calm , 001 - 360 = | - 360 degrees , 999 =
Missing
006 18-20 WIND SPEED Wind speed in whole knots. _
000 = Calm , 001 - 230 = { - 230 knots , 999 =
Missing ‘
007 21-24 STATION PRESSURE Pressure at station in inches and hundredths of Hg.
' 1900 - 3999 = 19.00 - 39.99 in. Hg , 9999 =
Missing
008 25 WEATHER Not used in simulation.
009 26-27 TOTAL SKY COVER Amount of the celestial dome covered by cloud or
obscuring phenomena in tenths,
00+ 10=0- 10 tenths , 99 = Missing
010 28-29 AMOUNT OF LOWEST CLOUD LAYER | Not used in simulation.
013 34-35 AMOUNT OF SECOND CLOUD LAYER | Not used in simulation.
016 40 - 41 SUMMATION OF FIRST TWO LAYER Not used in simulation.
017 42-43 AMOUNT OF THIRD CLOUD LAYER Not used in simulation,
020 48 - 49 SUMMATION OF FIRST THREE | Not used in simulation,
: LAYER ;
021 50 - 51 AMOUNT OF FOURTH CLOUD LAYER | Not used in simulation,
o1t 30 TYPE OF LOWEST _ CLOUD OR | Generic cloud type or obscuring phenomena.
OBSCURING PHENOMENA ; ' . .
0 = Cirrus { Cirrus / Cirrostratus or Cirrocumulus /
Unknown of the amount of cloud )
I = Stratus (Stratus or Fractus Stratus )
2 = halfway between Cirrus and Stratus
{ Clear / Fog or other obscuring phenomena /
Stratocumuius / Cumulus or Cumulus Fractus /
Cumulonimbus or Mammatus / Altostratus or
Nimbostratus / Altocumulus )
014 36 TYPE OF CLOUD - SECOND LAYER Not used in simulation,
018 44 TYPE OF CLOUD - THIRD LAYER Not used in simulation,
022 52 TYPE OF CLOUD - FOURTH LAYER Not used in simulation.
12 31-33 HEIGHT OF BASE OF LOWEST LAYER { Not used in simulation,
015 37-39 HEIGHT OF BASE OF SECOND LAYER | Not used in simulation.
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019 45 -47 HEIGHT GF BASE OF THIRD LAYER Not used in simulation, *

023 53-55 HEIGHT OF BASE OF FOURTH LAYER | Not used in simulation.

024 56-59 SOLAR RADIATION Not used in simulation.

025 56-59 BLANK Blank ficld - reserved for future use.

026 7073 YEAR

027 74-75 MONTH Month of year, Such as 01 = Jan , 02 = Feb etc.

028 76-77 DAY Day of month.

029 78-79 HOUR Hour of obs¢rvation in Local Standard Time.
00 - 23 = 0000 - 2300 LST

030 80 BLANK Blank fleld - reserved for future use.

vinatsnd a1 szetulddadt afunasgunuy TRY tﬁutlﬁuﬁognﬁqnﬂhﬁfuuj
el tumaitudeyagniloninuiiony (surface meteorology) ihamdn A himmunzmidmiy
WAL I unsulznad i svesenisie 1§ uduasuniseenuuynsousins
wesnuulfvemmazszvsems dfosnuilumasginy TRY Sanadeyated
snaneiaddsiinnudifgdendnanminaumandeusiunssen Wy f1 global
radiation, A direct radiation 0E A1 diffuse radiation 1Ay isaningaunnsealududeya
fitnnanermadmWuiideyaanmussmmmanignignadretumends wu wil
wasguy TMY Sulludosnuanistudeyassdninarserfindidhutudoyngaiioninn
AaAu 1'mﬁgﬂmmlﬁuuuﬂmuﬁwumﬂaqnqqﬁun’mmmwﬁn'lﬁmm:rmﬁun1:1'5'4114

z
VINTUAIY

dmiumsldufiniasguuy TRY Hudeyavudweslusins DOE 2.1E wuh
Traunsy DOE 2.1E ve hitheiiefsauwnaaeei7ind (solar radiation) fazy uilad 026 ¥
Tunsfinrn ua ldsunsvezAnuniadisnmnnaeiag (global solar radiation), A3
AININAOIAG (direct radiation) Ay AI3adnIz01691NAMO ARG (diffuse radiation) o
TmivindoynuTanains (total sky cover) 321 Tuilad 009 tnz silavssaszdudgauutes
iy (type of lowest cloud or obscuring phenomena) ﬁszuluﬁnﬁf 011 sty Iinn

neiameasNuaasly Engineering’s Manual Y93 DOE 2.1E [46]
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1.2 Typical Meteorological Year ( T™Y)

m:m'lﬁfm'nhmouﬁ'ui1min~':~1ﬂuuvnmﬂnmmg1mmu ™Y Usznoudan
doyngaiivaing 2 Uszian TrsudazdszinniinunziBoadail ﬁoqnﬂmnmumﬂuﬁagn
$aftnnanemndngniaiuludnuasdng S1uau 1t Hod u m3sdsmninaeeing, m
SaftasannaeTng uns misinszaennatsening dudu Soynilszinniinesthidoyn
gationInHIAU (surface meteorology) §17u 28 Tad wu AMUAUUIIOMA uaz gungl
nrztheuds dudu mxﬂununn‘ﬂnmﬁﬁwnunz"lﬁi"muuwnmmunmﬁu 132 A10NKT
TauTwazibuavesuansRaney umpademInd 0.2 muzﬂuﬂmnnum ryoaufuuny T™MY

suanaRagUit na)

w - ol & - d 1 | 4 y

nfadentiftesdiudumuvesihinarguiiligluuuves TMY 1w Halt 50] w1
ar - Y - - o d ot ] o
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ol
A1 N2 ugRsazdoavesutnaTgIM TMY

FIELD TAPE FIELD DESCRIPTIONS REMARKS
NUMBER { POSITION
001 001 -005 | STATION NUMBER Not used by program.
002 006 - 015 | SOLAR TIME Nat used by program.
(Yr, Mo, Day, Hour, Minutc)
003 016-019 | LOCAL STANDARD TIME (Hr, Minute) | Not used by program.
101 020-023 | EXTRATERRESTRIAL RADIATION KIA o -hr) , 9999 = Missing
102 024 -028 | DIRECT RADIATION KJ/(m?-hr) , 9999 = Missing
103 029-033 | DIFFUSE RADIAION KJ/(mi-hr) , 9999 = Missing
104 034-038 ] NET RADIATION Not used by program.
105 039.043 | TILT RADIATION Not vsed by program.
106 044 -048 | OBSERVED RADIATION Not used by program.
107 049 - 053 | ENGINEERING CORRECTED Not used by program.
RADIATION
108 054 -058 | STANDARD YEAR CORRECTED GLOBAL RADIATION, KJ/(m'-hr) ,
RADIATION 9999 = Missing ‘
109,110 059-068 | ADDITIONAL RADIATION (A, B) Not used by program.
111 069 -070 | MINUTE OF SUNSHINE Not used by program,
201 071-072 | TIME OF SURFACE OBSERVATION Hour of observation in Local Standard Time.
‘ 00 - 23 = 0000 - 2300 LST
202 073 - 076 | CEILING HEIGHT Not used by program.
203 077-081 | SKY CONDITION Not used by program.
204 082-085 | VISIBILITY Not used by program.
205 086-093 | WEATHER Not used by program,
206 094-103 | PRESSURE Pressure at station in Pascal/10,
00000 + 10122 = 000000 - 101320 Pascal
207. 104 - 107 | DRY BULB TEMPERATURE x10 Degree Celsius, 9999 ~ Missing
208 108-111 | DEW POINT TEMPERATURE 210 Degree Celsius, 9999 = Missing
209 "112-H4 | WIND DIRECTION _ Direction from which the wind is blowing in wholc
degrees {clockwise from north)
000 = Calm, 00]-360 = 1-360 degrees,
999 = Missing
210 115-118 | WIND SPEED Wind speed in x10 m/s, 9999 = Missing
21t 119-120 | TOTAL CLOUD AMOUNT Amount of the celestial dome covered by cloud or
obscuring phenomena in teaths,
00-10=0 - (0 tenths, 99 = Missing
222 121-122 | TOTAL OPAQUE Not used by program,
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9:26177.7|77.7] 781 | 793 | 775 | 820 | 80.1 |688|75.0] 7vB.A 79.9 7.7 60.1 | 788 |79.9|79.5|80.2|79.2|70.3180.2{80.2|79.0|82.4|79.5180.8{81.8] 3.17
9:30]779|77.7( 781 { 793 | 775} 819 | 799 1736|76.8| 78.8 79.9 777 647 | 784 |79.9{79.5[802179.2|79.3|80.2|80.2{79.8|82.4|76.5|81.0}82.0}3.17
9:31|77.9177.7| 781 | 793 | 77.7 | 81.9 | 801 |745]77.2] 788 79.9 (L] 64.7 | 884 |70.9|79.5]|802|790.3|79.5|80.2|80.2|79.9|82.4|79.5|81.0{82.1] 1.59
9:461779|779| 783 | 793 | 77.5] 820 | 801 |538|75.6] V9.2 80.2 7.9 60.8 | 86.0 |80.1]79.5/80.2179.5|79.5|80.6]80.6|60.2|82.9|80.1]|81.31824}3.17
10:01)775)774) 783 | 792 | 774 ) 822 | 804 {505]73.8] 795 80.4 7.9 579 | 88.2 |79.9|79.5|802|79.3|79.5]|81.0|81.0]80.6]83.1|80.4|81.5|82.7| 4.76
10:16| 774774 781 | 792 | 77.2| 822 | B804 |67.3|74.5] 799 80.8 7.7 574 | 788 |79.9{79.3|80.1}792|79.3|81.1181.1|808|83.5]|60.8|81.9|829{4.76
10:31]| 774|772 777 | 792 | 768 | 822 | 802 |69.4|756] 801 811 7.7 61.1 | 78.8 |79.7|79.3|80.1|79.0179.3]81.3|81.3|81.0{83.7}81.1|82.2|83.1]| 3.17
1046775724 779 | 792 [ 77.2 | 824 80.4 |53.1[75.0{ 804 813 T 607 | B7.7 |79.9{785(80.1{792179.5]/81.7[81.7[81.1183.8/81.7/82.6|83.4] 317
N0} 77417721 781 | 780 t 77.0| 826 | 808 |68.0|73.2( 808 81.9 775 56.7 | 784 |79.9179.5|79.9]79.2|79.2182.0|82.0181.3|84.2|82.0{82.8]83.7| 4.76
116174770 777 ) 792 | 770 | 824 804 1689|754 810 81.9 775 617 | 795 |79.7|79.3|79.9|79.0|79.3|82.2|62.2|81.5|84.4182.6|82.9|84.1]3.17
1131|774 774|779 | 790 | 774 | 826 | B1.0 [53.6]750] 813 82.2 i 60.0 | 872 |80.11795)79.9179.3]79.5{62.6|82.4|81.9|84.7|83.3|83.1|84.2]3.17
11:46}77.4|77.2| 781 | 790 | 774 | 828 | 817 |653|73.4| 817 826 7T 572 | 790 |80.1|79.5/80.1]|79.3|79.5|82.9|82.9|82.2|65.1|83.8]183.7|84.6| 4.76
1201772772 777 | 790 | 77.2 } 828 | 817 |67.3|74.8] 820 82.9 i 596 | 800 |79.9]795)79.9|792|79.5]82.9182.9|82.2|65.3|84.2]|83.8|84.9] 3.17
12:16|77.4|77.4| 78.1 | 79.0 | 775 | 828 | 815 |604|75.7] 826 833 78.1 612 | 786 |80.1|79.9|79.9|79.3|789 A35183.1]162.4|85.6]'94.9(84.0185.3] 3.17
12:3%1|77.4|774| 781 | 790 } 775 828 | 815 |54.0]|754] 83.1 83.7 78.1 606 | 855 |80.2{79.9{80.1|79.5|79.9]438]83.7|82.9/86.2|85.6|84.6185.6] 3.17
12:44]775|774] 781 | 79.0 | 77.6 | 829 | 813 |523|739| 837 84.0 781 585 | 884 [80.1{79.9(80.1[79.3[79.8|84.2|84.0{83.1(86.4186.2[84.9|84.4]4.76
1246|774 |774| 781 | 790 { 77.5] 829 | 815 |50.2|73.6] 838 842 | "B 563 | 858 |80.1|79.9{80.1|79.5|79.9|84.4]|84.2|83.5|86.5]86.5|85.1|84.6| 4.76
13:01}774|772)77.7 | 788 | 77.2 | 829 | 813 [676|750] 84.0 844 78.1 59.7 | 709 |80.1170.9{80.1179.2|79.9|847|84.6{83.7|86.9]87.1|85.5|85.1]|4.76
13:16|77.4|77.4| 78.1 | 7688 | 77.5| 829 | 813 |70.0|759| 844 84.6 78.3 623 | 785 |80.2{80.1]80.2|79.3|80.1]85.1|84.6{83.8{67.1]88.0{85.8{85.6| 3.17
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3197 f1.1 FAN13AS9TARI0IAT 04 Data logger ¥04 14T 2 uaz 3 UNIIAY 2542 (AD)

TIME| N-N | E-IN OE'T W‘(':N' S'LN' S'OC”T' SOL”T' sA | ra W’f(‘)”’ w_'g:'”' w-:;-w— R:A‘” R;\"’ vlzlalalstr|a)a|a]s|s]|7inm
1331|775 (774| 781 | 788 | 77.4| 834 | 815 |514[743| 849 | 854 | 784 | se4 | 859 |a06|e0ss0.4|7e]e0.4]as.6{se0]aes|07.6)00.1|864)86.4) 476
1346774 |772] 781 | 786 | 77.2 | 831 | 813 |684|730| 853 | 855 | 784 | 573 | 799 |804|80.4[80.4|79.5/80.4]ss.0l85.6{840{88.0]00.3]68.7]86.7) 476
viol77517751 781 | 768 |77.5| 831 | 817 |e82|r54| as6 | ess | 786 | 610 | 798 |8o6[so4[s0.4[79.7[80.6[865[65.8[85.368.5{91.867.1/87.4] 476
va16|775 1774|770 | 786 | 77.4 | 831 | 817 |538|759| 860 | 862 | 786 | 623 | 880 |eos[sos|eos|7e0js0sfer3[es4[as.8]e0.1028|67.8|91.8| 317
vin|77707771 783 | 786 | 775 | 835 | 835 |507|741] 862 | 860 | 790 | 569 | 868 |e1.1]er.0]s08]s0.2[81.1|67.3|86.4]86.0[{90.0]e37]87.8{0256.34
vamol7741772] 781 | 786 | 77.4 | 835 | 820 |680|736] 858 | 856 | 790 | 565 | 794 |si.1[er.1[e0s]s0.1|s1.1]67.1]s64]862|80.8|037|87.6]009{634
aarl7751772\ 784 | 786 | 77.4 | 835 | 820 |67.5|750] 56 | 856 | 790 | 592 | 801 |81.1|s1.1|s08]79.9]81.1]87.1|86.4]85.8 806937 [67.6]907| 478
501177517751 761 | 766 | 77.7 | 837 | 820 |676|752] 868 | 862 | 792 | 594 | 79.6 |81.3[81.381.0{e02]81.5]87.8]85.787.1]01.0{94.6[882]91.91634
1erol7751774] 770 | 786 | 775 | 835 | 815 |c64|76.1| 869 | 64 | 792 | 614 | se7 |813]s15]81.0{802[81.7|8a3]86.7|89.4|93.005.0|e8.7|845 4.76
voal77ol774| 763 | 786 | 775 | 837 | 624 |514|743| 892 | 864 | 793 | 573 | 889 |81.7]81.7[81.1]e0.6]819]89.8]87.1|90.3]04.1{055|80.8[943(6.34
veaol77o1774| 781 | 786 | 775 | 35 | 834 |68.0{739| 9041 | 867 | 795 | 570 | 804 |81.9]e1.9[81.1[80.4|819]912[87.4]00.1(04.8]06.3{00.0]0457.93
ootz 772l 764 | 786 [ 775 | 838 | 822 |69.3|759| 927 | 873 | 798 | 607 | 78.1 |822[822|81.3[e0.4[822[0a5]80.6]{91.4|07.0]97.5|03797.0]6.34
w1677 17751 783 | 785 | 77.7) 838 | 822 |525|754) 927 | 873 | 798 | 602 | 875 |e28]ec.8]e1.5/60.8|82.6|94.6{00.0]01.2{96.4[97.9[94.3]94.8]7.08
r6ol77017751 783 | 784 | 775 | 840 | 822 |504|738| 905 | 871 | 802 | 554 | 868 |8a.1|833]81.7]e1.0]83.1]e19]89.1|000|93.7|97.5[92.1|936] 051
146|777 |77.4| 761 | 786 | 775 | 840 | 820 |67.1|748| 898 | 857 | 806 | 579 | 79.3 [835[es.8[817[81.1[83.7}027| 885 804 ]04.1]07.7]925(03.0| 954
voil777 7721 770 | 764 [ 774 | 838 | 815 |689]75.7| sea | 885 | 808 | 610 | 793 |835[san]81.9]81.0{835[02.1]88.0/88.9]93.4]97.3)92.3/62.3) 851
7aol777 774 763 [ 784 | 77.4 | 840 | 815 |538|754| 883 | 873 | 810 | 507 | 873 |8a7[easa[s19]61.1]es2]90.7|67.8[es2{e1.8]96.8]|01.0{916{9.51
a7 717751 783 | 764 | 775 | 842 | 819 |508|738| 880 | 867 | 813 | 553 | 866 |840|84.6/81.9]81.7[84.6{00.0{87.4[e8.0{00.0]{064[90.3(94.0}11.10
7aol77 717721 751 | 784 | 772 | 840 | 813 |669|743| 873 | 864 | 811 | 563 | 789 |84.0[e4.7|s20]615[84.6[892{87.1{87.6/90.1{95.5|89.6{90.5[11.10
7asl77517721 770 | 764 | 772 | 838 | 811 |680|757| 871 | 862 | 811 | 588 | 780 84.0{as.6]620]81.5[84.8]80.1[e6.0]87.4]00.1|954]83.4|903{11.10
aot7771772] 781 | 784 | 774 | 838 | 811 |e88|750] 887 | 858 | 811 | 601 | 783 |easles]s1.0]81.5|84.6]88.3]865]67.1180.4|04.6)88.0{00.0] 0.51
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4 . 4 - 7y
AT A.1 NAN3RTI9TRAIINT B4 Data logger YOI TUH 2 ay 3 unsIN 2542 (AiB)

TIME|N-iN | E-IN OEL;T W'C'N' S’:_N S'?:UT' S'OLUT' SA { RA W'S;JT' w'c':IUT' w"LNc;w' R::f R:Ad ri2|3|a|ls|l1|2)3]s]|s5]6]|7|nT
18:16177.7177.5| 78.1 | 784 | 774 | 838 | 81.1 |52.3|754] 864 | 855 | 813 | 596 | 865 [840 84.7|82.0{81.7]84.7|88.0{86.4 |86.7|89.2{93.9!88.3{83.4|11.10
18:26/786(77.5[/ 783 | 784 | 77.5 | 838 | 813 {53.1(766( 862 | 853 | 815 | 609 | 865 [84.0{84.9/82.0]61.9]64.6]87.6/058664|88.9]93.6168.0189.2| 9.51
18:31)77.7]177.5| 783 | 78.4 | 77.4 | 838 | 81.3 [50.0/738| 882 | 853 | 813 | s62 | 87.8 |83.8)e4.7]820)81.9]84.6)87.6|86.01855 |88.9]9348801822]11.101
18:46|77.5177.5| 783 | 784 | 774 | 838 | 813 [67.3[747| 856 | 849 | 813 | 574 | 786 [838|es6]e2c|e19{es4l87.3|e561862|e8.3]|027]67.4l88.011268
1901]77.5[77.5| 78.1 | 784 [ 775 | 838 | 81.1 |700|76.3] 853 | 847 | 813 | 61.4 | 782 !s3.8|ss4]s20[e1.9|se.4|857|es3]es.81882]91967.1|885] 051
19:01)77.5177.5|76.1 | 784 | 77.5 | 837 | 81.1 |66.2|76.5| 853 | 847 | 813 | 604 | 87.3 [a38]s4.4[e1.9]81.9[84.4|86.7]853|e5.6(682|91.8|87.118836.51
19:16/77577.7, 783 | 784 1 77.5 ) 838 | 813 [520)748] 853 | 846 | 813 | 577 | 845 [8a.8)se4faz0]s20]842|085]85.3]856882]9141867 8830511
19221775177.4] 781 | 784 | 772 | 838 | 811 [68.7|756| 849 | 846 | 814 | 597 | 787 [837{e40]81.9]819]84.0|85.4185.1|85.6]|60.0]91.0185.7|882] 0.59
19:31)177.5177.5| 783 | 784 | 774 | 838 | 813 |68.2{739| 849 | 844 | @811 | 5509 | 784 [835|840|81.0|81.9|83.6}66.4|84.9|855|68.0]90.0|865]882|11.10
19:46]775|774]| 78.1 | 784 | 77.2 | 837 | 810 [69.1754| 844 | 840 [ 808 | 507 | saa [83.1[e37[81.9]81.5(83.7(e5.6(84.7(85.3187.6]90.1]86.2|88.0| 9.51
20017751774 78.1 | 784 (774 | 837 | 81.0 [529(757| 842 | 838 | 808 | 605 | 861 |83.3]837|81.9]81.7|837 |56 |a45)84.9)87.4|80.8|8621876) 9.51
20:16)77.5[77.4|78.3 | 784 | 772 | 837 | 811 [51.11739] 840 | 838 | 808 | 568 | 868 |83.1]a35]a1.9]|81.7|83.5|856|845]84.0187.4]|89286.0]587.4 050
2031775(77.4[ 781 | 784 | 774 | 837 | 810 |67.8|750| 838 | 837 | 804 | 595 | 799 [s28]83.181.7181.3]63.1|85.3184.4|84.7|87.3|88.7|85.6|67.3] 0.51
20:46)177.5[77.41 781 | 784 | 774 | 835 | 808 [70.7|76.1| 835 | 835 | 804 | 609 | 8.1 {82.8]83.1]a1.7[e1.1[a2.0[84.9]84.0]544|87.1(88.2(855(87.1| 6.3
2101(77.5[7741 78.1 | 784 (772 | 837 | 811 |514(747| 835 | 835 { 802 | 589 | 875 |826|829[81.7[61.3|62.5]84.0|84.0]646)67.1|680185.3187.1] 9.51
21:116)77.4 |77.41 781 | 784 | 772 ) 837 | 811 [67.5{739) 833 | 831 | 802 | 57.1 | 795 |e2e]azs|s1.7[e1.1]s2.8]848|838[842 ]850 87.6/85.1]86.7] 7.93
2131{77.5|77.4| 77.9 | 784 | 77.4 | 835 | 810 |69.1|75.7| 829 | 829 | 801 | 61.3 | 700 [e2.2]s26]s1.5]810|62.8|844 835|638867 674 84.7{86.5] 7.93
21:46|775177.5| 77.9 | 78.4 | 7741 835 | 81.1 [s3.1|74.8| 828 829 80.1, | 59.9 | 86.9 {822]82.4|81.5{81.0{82.6/84.2|83.5/83.8|86.7|86.7|84.7|86.4] 7.93
22017741770\ 77.7 [ 783 | 768 | B35 | 81.0 [63.0(738( 828 [ 828 | 797 | 569 | 782 [a20]e22]s1.3[e08|822]842]827{838e6.7|80.4]84.7|664] 7.93
22:16/77.4 17741 77.5 | 784 | 774 | 835 | 810 1682{754| 826 | 828 | 799 | se.8 | 792 |s2.0]a2.2]s1.3]s0.8]82.2]838)6a.1]63.7[66.5] 062|844 |66.2) 7.03
22.28[77.4177.2| 77.4 | 784 [ 77.2 | 833 | 806 |69.8]75.7| 822 | 824 | 795 | 61.4 | 786 |81.9|82.0]81.3{s0.4[820{83.7]83.1|e35( 864 85.8|842]862] 6.3
22:31)774177.2 77.4 | 78.4 1 77.2| 833 | 808 [52.9|756| 822 | 826 | 797 | 606 | 862 [81.9]|a2.0}81.1|e0.8|s2.0{83.7]82.0]83.5|s5.4]65.6|642]66.2] 6.34
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: .’, A ) - u H - [ 3
A1 1.1 HAM3AIIARIULATDE Data logger YDIIUR 2 HAZ 3 UATIAY 2542 (A0)

TIME|N-IN| E-IN OEl;T w;n- &:_N' S'%UT' &?_UF SA | RA w-s;n- w-?“ur- w—:_rgw— R::’ R::' vl2lalelsf1p2]|3]a)s5|6]|7|nT
ool 77417721 774 | 784 | 770 | 835 | 808 |67.8|736| 822 | 826 | 795 | 566 | 790 |820]820{81.3|81.0{82.0]82.7{83.1}83.5:80.5/85.8(84.2{858|7.93
ot 7741768 772 | 783 | 760 | 831 | 506 |660]754] 819 | 822 | 793 | 609 | 788 [81.7|s19[81.1}80.4|81.9]83.3182.8183.1185.2|85.3]83.885./6.34
2316|775|77.2| 77.4 | 784 | 77.4 | 831 | 808 |s54{765| 819 | e20 | 783 | 618 | 862 [817[81.0]81.1{804]81.7(83.1|82.8{829{66.084.9)83818551476
o3il7741772] 774 | 784 | 772 | 833 | 808 |51.3{736| 817 | 820 | 792 | 57.2 | 87.0 181.7[81.7)81.1{80.4{81.7{83.1]628182086.2{84.9163.865.5/7.03
Taacl 7741768 774 | 784 | 772 | 831 | 808 |68.2]750] 815 | 819 | 792 | 500 | 876 [81.7{81.5/81.1|80.4[81.5[829)824]82.8(858|84.7183.5(85316.34
o340l 77.41772) 77.4 | 784 | 7721 831 | 808 |689(756] 815 | 819 | 792 | 607 | 788 [81.5815|81.0{80.2{81.3|628(824826(858)84.6{583.5]65316.34
ooil7741768] 770 | 784 | 770 | 829 | 804 |716|758] 811 | 817 | 792 | 615 | 87.4 |81.3(81.5(81.0180.1)81.3]62.6|822182.41856184.2)833 85.1)4.76
0167741768 774 | 764 {772 | 833 | 808 [s09[7a.1| 813 | 817 { 782 | 576 | 866 1813]61.3{81.0{802181.1)826]82.2162.6856(84.2183.184.916.14
oail7741768] 770 | 784 | 768 | 831 | 804 |67.8|74.7| 811 | 815 | 788 | 582 | 783 [81.1{81.0|80.8/80.1)81.0{822|82.0|82.2185.5183.6162.9184.7{4.76
a6l 77217681 768 | 784 1772 | 829 | 804 |e69|759] 808 | 813 | 788 | 614 | 87.3 }81.1(81.1|80.8/80.1]81.0/82.0181.9/820]85383.5|6281846)4.76
vorls7 217721 774 | 784 | 77.2 | 831 | 808 {e01]738] 808 | 813 | 788 | 57.3 | 8.1 |81.1181.0/80.8(60.1{81.0{82.0181.8162.0/853)835)62.8184.6)7.93
vool77al768] 772 | 784 | 770 | 828 | 804 |685|741] 808 | 813 | 788 | 572 | 70.1 le1.1{e1.1{808180.1]81.01820181.9]82218551835|526/846]7.93
11617721768 768 | 784 | 768 | 829 | 802 |689|750| 804 | 810 | 786 | 600 | 783 |80.8)81.0/80.6]79.7[80.8}81.9181.7181.9185.1|82.9/82.6184.2{4.76
a1l 7741 768] 768 | 784 | 77.2 | 828 | 802 |66.7|763| 80.4 | 810 | 786 | 61.0 | 854 |81.0]80.8{80.6/79.9{80.8(81.7]61.3181.7184.01828162.21840 317
ael77al 7681 770 | 784 | 768 | 828 | 802 |51.8|739] 802 | 810 | 784 | 574 | 880 [80.3[520{80.6|79.8180.6181.7815181.7]8491826/82.2184.0(8.34
20177417661 770 | 784 | 768 | 829 | 802 |67.8]747| 80.2 | 808 | 784 | 590 | 789 [e0.8[80.6]80.4[79.7|80.4181.3181.1)81.3|84.7]62.4{820]83.6]4.76
o10l77517721 770 1 784 1 772 | 828 | 802 |7121757| 80.1 | eos | 784 | 594 | 850 [80.8180.4{80.4[79.7/80.4181.1181.0181.3|84.5182.21819|8354.76
2an 77017681 772 | 784 | 770 | 28 | 802 |520747| 799 | 804 | 784 | 587 | 846 [80.8{80.4[80.4170.7|804]81.0/80.8181.1184.4|82.0181.7]835]4.76
22677217681 770 | 784 | 768 | 828 | 801 |67.3743| 799 | 802 | 783 ] 586 | 788 1s041802|80.2/79.5180.1180.8|80.6181.0184.2]81.7181.31831{4.76
soil77217681 772 | 784 | 770 | 826 | 801 |700]754| 795 | 801 | 784 | s82 | 674 |80:6)80.2[802)79.5/60.2}80.8(80.4181.0{84.081.7{813}831{3.17
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] w ) v o r
ﬂ'ﬁ'Nﬁ f.1 llﬂﬂ\'lﬂafnfﬂijﬂ'lﬂﬁ'lmﬂfﬂﬂ Data logger Y837UN 2 UAT 3 UNTINY 2542 (»no)

WEIN-

SHIN-

S-0UT-

S-0uT-

Ww-OUT-

W-0UT-

W-N-W-

RH of

RH of

 TIMEI N-IN| E-IN out) ¢ L ¢ L SA | RA LO HI Lo RA SA AR R N S I S - 2|3]|4|5)]6]| 7 |nT
316)774|768| 768 ) 784 | 768 ) 826 | 79.7 |545|765] 793 | 79.8 78.% 61.0 | 843 {80.2180.1:80.2179.3180.1}80.2180.2(60.4|83.8|81.1181.1/82.9|3.17
IN|7r2)|766| 77.0 | 784 [ 766 | 826 | 79.7 (508|738 79.2 79.9 8.1 57.1 | 863 (80.2;80.1{80.1}179.3{79.9|180.2780.4(80.4|83.8|81.0{81.1|828]4.78
346(770177.0) 77.2 | 783 | 76.8 | 824 | 799 |682]747| 79.0 79.5 78.1 594 | 789 [80.2({79.9{79.9179.2|79.9180.1¢(580.1180.2183.7|80.8{80.8:824]2.17
4:0177.2|768] 768 | 784 | 766 | B2.2 | 79.3 |725(759]| 784 79.3 7.9 608 | 86.8 |70.9{70.7{79.9]79.2170.7|79.9]79.7|80.1182.3)80.4]80.4:82.0]3.17
4:16|77.2|766| 768 | 786.3 | 766 | 822 | 795 15271750 786 79.3 778 574 | 842 |B0.1)79.7|79.9179.3|79.7[79.7|79.5/80.1|83.3]80.2)80.2182.0]3.17
43117681768[ 768 | 783 | 766 | 822 | 795 |680]734) 784 79.2 7759 580 | 885 |79.9179.5)79.0179.2|79.5|79.3|79.5|79.9|83.1}79.9/80.2|81.9]4.76
4:46)77.2 1766 770 | 78.4 | 766 | B2.2 | 79.3 |69.1{750] 784 79.0 77 €604 | 785 |79.9179.5179.9179.0|79.5{79.3]79.3/79.7|82.9|79.7|80.1|81.7[3.17
5:01)772)770]| 77.2 | 784 | 768 | 82.0 | 793 [52.7|76.3]| 783 788 w7 61.1 | 859 (79.9:79.5{79.9/79.2|79.3{79.2]79.0|79.5|82.8|79.5]79.7|81.3(3.17
5:12|77.2|766| 768 | 783 | 76.5| 81.9 | 79.0 [68.5]763| 781 78.6 775 61.1 86.1 |79.7|79.9(79.7(79.0|79.3]179.0179.0(79.3|82.6]79.2¢78.7 181.3]1.59
5:16|77.0|76.8| 77.2 | 783 | 766 | 820 | 79.2 |51.1]73.6| 78.1 786 75 571 85.9 (79.7179.5179.7179.0{79.2{79.0{70.2179.3]6826]|79.2{79.7|81.3)3.17
S31|770177.2] 772 | 784 | 768 | 820 | 79.3 [|68.0{747| 781 784 7.5 59.3 | 789 |79.7|79.3179.5)78.8{79.2]78.8178.53)78.3(82.6]79.0|79.5[8%.1]3.17
546|770]766| 768 { 783 [ 766 | 81.7 | 79.0 724|757 777 784 715 614 | 875 |785]79.3)79.5)78.8|79.2|78.6]78.6]|79.2|82.4)78.8|79.3]|81.0]1.59
6:011770177.01 772 { 783 {766 | 819 | 792 {51.6]748] 775 78.3 77.4 59.1 84.9 [79.5)79.2]79.3{78.6|70.0|78.4)78.6]|70.2]|82.2|78.6|79.2|80.8}3.17
61617681765 77.0 ) 783 1 765 819 | 79.2 |67.6|738| 775 78.3 72 56.9 | 79.0 |79.3{79.0179.3|784]78.8]|784|78.6|79.2]|82.2]|78.4]792]180.8(3.17
6:31)768|766) 77.0 | 783 | 765 ] 81.7 | 79.0 [69.4]75.2] 774 78.1 772 61.2 | 786 |78.3|79.0{79.3|78.4(78.8|78.3[78.4|78.8)/62.0|78.3]179.2|80.41.59
646]770|768] 77.2 | 783 | 766 | 81.7 | 79.0 |54.1{76.3| 77.2 n 77.2 61.7 | 851 (79.3|79.0{79.2|78.4|78.6178.1|78.31786({81.9178.1|79.0{80.4]1.59
7011768 |76.6| 772 | 78.1 | 766 | 817 | 79.2 [63.5|736] 77.2 77.7 77.2 579 | 885 |79.2{78.8]79.2|784}1786178.1178.3{78.6]81.9]177.9178.8180.2]3.17
T16( 7661765 772 | 783 | 765 81.7 | 79.0 |668.7174.8] 768 w. 78.8 612 | 798 |79.2]78.6|79.2{78.3|78.4]77.0]|78.3)78.4181.9{77.5/78.8]80.1|3.17
7317681768772 ) 783 1766 | 81.7 | 79.0 }727)759] 768 7.5 77.0 624 | 87.8 [70.2|786|76.2|78.4]78.4]78.1]78.1]78.4|81.7|77.5|78.6(79.911.59
74617681770 774 [ 783 | 768 | 817 | 79.2 |52.3]747| 768 .7 7.2 59.5 | 859 |78.2|78.6|79.0{78.4]78.478.1|78.1{78.6181.7|77.7]|78.6]79.9713.17
8:01)768}768) 775 | 783 | 76.8 | 817 | 79.3 |6B.0|738]| 77.0 779 7.0 57.2 | 88.7 |79.2|78.4179.0178.3|784|78.3|70.3{78.6|81.9177.5|78.8179.9|3.17
8:16|76.8|768) 774 | 783 | 766 | 815 | 79.2 1690.6|752] 76.8 w7 7c.e 60.7 | 785 |79.0(78.479.0{78.3|78.3(78.3178.3|78.6|B1.7|775|79.0[70.9[1.59
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13139 A.1 KAN1IA5I9IARIBINTO Data logger YBIINT 2 AL 3 UNTINY 2542 (AD)

W-IN-WY-

TIME([ N-IN | E-IN OEl;T ng‘ S':_N‘ S'%UT' S'c:_UT' SA | RA wﬁ;’ T W—(:,llJT- — R:AM R:Ad rlalalalslrta|aslals]|e]|r|ne
831|768} 765) 77.2 | 783 | 766 | 813 | 786 7051763} 768 | 779 | 766 | 622 | 869 |788|7e4|78.8]7a.1|783[783]78.3|78.4[81.7|77.5]70.0]70.0]0.00
8:46|76.8{76.8{ 774 { 78.1 | 765 | 815 | 79.2 {518)736] 770 | 781 | 766 | 572 { @58 |79.0(784|78.8|78.3|78.3|784{78.4|78.6]810]77.0{702|708]3.17
90| 766765 772 | 781 [ 765 | 81.3 | 79.0 |67.8]743{ 772 | 783 | 766 | 583 | 8r.2 |78s|7e.3l7a6|78.1|78.1|78.4]788]|786|62.0]78.1]{70.3| 700|317
9:16|76.8|76.8] 77.4 | 78.1 | 765 | 813 | 700 {718{rss| 772 | 783 | 765 | 623 | 8sss |7as|7a3|7e8|77.7|r8.1|78.6]786]|70.6]82.0]78.1|70.5]79.9]1.50
9:31|768(766| 77.4 | 78.1 | 766 | 813 | 790 [s7.8|765| 774 | 784 | 766 | 620 | ese |788|784]78.8[78.1|78.3|78.8)78.8]76.6{820|783]|7a.7|70.0] 150
946|768l 766] 77.4 | 784 {765 | 815 | 700 [523(74.7| 774 | 788 | 765 | 592 | 856 |78.6|784]78.6]78.1|78.3]70.0]700]|788]822]78.4|700]70.0]1.50
1001|76.8{76.6] 775 | 78.1 | 766 | 815 | 79.3 |eso|73s| 777 | 700 | 766 | 562 | 78.4 |78.6|783)|v86]78.1|78.3|192]792|70.0{82.4]788]B0.1{80.1]3.17
10:16|76.8|76.8| 775 | 78.1 [ 766 | 815 | 783 |687|7a8| 777 | 700 | 766 | 508 | 783 |7as|78.3|78.4[78.1|78.3|70.2]79.2]79.0(822|79.0]80.1]80.1]1.50
1031|768 7681 77.4 | 78.1 {768 | 813 | 79.3 |730|757| 781 | 792 | 766 | 624 | 870 |7s6|78.4]78.4]78.1]|78.3]79.3]70.3[70.21a2.6]79.3]80.2{80.1]1.59
10:46]76.8]77.0) 775 | 781 | 768 | 813 | 795 [s27|7a7| 783 | 793 | 766 | 50.1 | 845 78.8|78.4)78.4|78.1]78.3|79.5]70.5|792]828 787 [B0.4[802)3.7]
10:59) 76.8| 76.8] 77.5 | 78.1 [ 766 ] 817 | 795 |s1.1|738] 784 | 795 | 786 | 57.9 | 864 [788|78.4]786]78.1|78.3|79.9]70.9|79.5]82.9]60.1[B0.8{80.4]1.59
1o)7es|7ee) 775 | 81 | 661 817 | 795 |es2|732] 783 | 795 | 765 | 575 | 79.0 {78.4]|78.3)78.4|77.7|78.1]79.5]70.0|72.3(82.9| 79.0{80.8|80.4{3.17
11:16] 6.8 76.8] 77.5 | 781 | 768 | 815 | 795 [69.1|750] 788 | 799 | 766 | 60.5 | 78.3 |788|78.4}784]75.1|78.3{70.9{709]|70.5]829]80.2[B0.8[80.4[4.76

139

6€l



4 ™ v -
A1519N 7.2 AN Iadiiovediui 2 unz 3 unTIAN 2542

Window Others floor temp Corridor Indoor Outdoor Solar Radiation - Tsky

Time In Cut |Ceiiing{ Fivor | Upper | Lower | DB RH DB RH DB WSP | Global Diff Para 45 degrees Cload Amount
Degree Fahrenheil °F % °F % °F ] % | mvs Biuhr-fi’ Degres Fahrenheit Decimal

9:10 | 792 793
940 | 799 | 801 | 77 { 788 | 32 32 774 § 637 | 813 | 597 } 039 770 [ 464 | 302 | 266 | 356 0.00
1000 | 797 | 799 | 763 | 795 | 32 32 764 | 817 | 824 | 597 | 03 748 [ 471 | 309 | 288 | 37.0 0.0
1020 | 796 | 798 | 756 | 80.2 | 32 32 755 1 598 | 835 | 596 ) 02 | 1476 | 406 | 727 { 478 | 316 | 309 ] 385 0.0
10:30 | 795 | 797 | 752 | 806 | 32 32 750 | 588 | 840 | 596 ) 0.21 | 1539 | 448 [ 716 { 482 | 320 [ 320 | 392 0.00 -
1:00 | 798 | 800 | 752 | 806 | 320 { 320 757 | 600 | 848 | 589 | 03 | 1563 | 464 | 743 | 446 | 338 | 347 | 410 0.0
11:30 | 804 | 802 | 752 | 806 | a2 32 763 ) 611 | 851 | 561 | 020 | 1586 | 480 | 77.0 | 410 | 358 | 37.4 | 428 0.00
1200 | 80.2 | 804 | 752 | 806 | 32 32 743 | 581 | 869 | 576 | 0.10 | 1955 | 553 ] 788 | 423 | 356 | 39.2 | 464 0.00
1230 | 804 | 806 | 77 | 806 | 232 32 765 | 623 | 900 | 555 | 030 | 1955 | 701 | 876 | 482 | 68.0 | 374 | 482 0.13
13.00 | 801 | 802 | 752 | 788 | 82 82 {835 | 533 | 750 | 5728 | 91.0 | 492 | 049 | 1623 | 664 | 788 { 608 | 662 | 68.0 | 428 0.13
13:30 | 790 | 802 | 752 | 788 | 32 22 {837 {533 | 757 ) 556 ] 910|497 [ 023 | 1660 | 627 | 788 { 662 | 698 | 392 { 482 0.25
14:00 | 799 | 801 | 752 | 788 | 32 32 {842} 8521|752 | 549 | 930 | 481 | 045 | 1660 | 553 { 824 | 626 | 374 | 356 | 410 0.25
14:30 | 808 [ 810] 77 | 788 | 32 232 {842 } 518 | 763 | 574 ]| 9028 | 453 | 019 ] 480 | 480 (824 8 734 | 716 | 698 | 718 0.38
1500 | 802 | 804 | 77 | 788 | &2 g2 | 844 | 507 | 754 | 573 | 934 | 496 | 035 | 1328 | 406-1 806 | 698 | 71.6 | 69.8 | 448 0.25
1530 | 804 | 808 { 752 | 788 | 83 83 | 846 | 485 | 759 | 573 | 950 | 438 | 008 | 206 | 258 { 842 | 718 | 356 | 320 | 392 0.13
16:00 | 806 | s0o8 | 77 | 788 | 83 83 } 844 | 488 | 761 | 595 | 059 | 458 | 018 | 848 | 258 | 824 | 68.0 | 338 { 320 | 392 0.13
16:30 | 804 | 806 | 752 | 788 | 84 a4 ' 840 | 489 | 752 | 537 | 916 | 499 | 035 | 232 | 184 [ 788 [ 554 | 392 | 332 | 428 0.13
1700 | 802 | 804 { 788 | 788 | 84 84 + 840 | 490 | 768 | 60.7 | 905 | 525 | 608 | 111 74 | 8068 | 482 | 320 | 338 | 392 0.13
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MAKUIN A 2 HAN3RIIVIAAILITBYDITUT 2 1Az 3 UnTINY 2542 (AB)

Window Cthers floor temp Corridor Indoor Outdoor Solar Radiation T sky
Time In Out [Ceiling| Floor | Upper | Lower | DB RH DB RH DB RH | WSP | Global Diff Fara 45 degrees Cload Amount
Degree Fahrenheit F 1% | Pl % ] % | ms Btuhrf Degree Fahrenheit Decimal
17:30 | 802 | 804 | 752 | 788 84 a4 840 | 402 | 756 | 566 | 889 . 484 | 0.18 a7 37 806 | 51.8 [ 392 | 428 | 464 0.13
18:00 | 80.1 | 80.2 77 78.8 84 84 835 | 50.7 | 76.5 | 593 | 874 { 528 | 0.29 0.0 0.0 806 | 518 | 356 | 3568 | 41.0 0.00
18:30 | 79.9 | 80.1 Ie 788 84 84 831 | 516 ) 752 | 544 | 864 | 555 | 0.16 0.0 0.0 806 | 518 | 338 | 356 | 428 0.00
19:00 | 80.1 | 80.1 752 | 788 84 84 835 | 533 | 768 | 59.0 | B4.7 [ 57.9 0.16 0.0 0.0 824 | 482 | 356 | 374 | 39.2 0.00
18:30 { 79.7 1 804 77 78.8 84 84 83.1 541 759 ) 837 | 853 | 602 | 0.05 0.0 0.0 788 | 464 | 356 | 39.2 | 446 0.00
20:00 | 79.9 | 801 752 | 788 84 84 833 | 554 | 766 ) 584 | 849 | 615 | 0.11 0.0 0.0 806 | 482 | 464 | 536 (| 644 0.00
20030 | 79.9 | 801 7 78.8 84 84 833 | 555 | 765 | 608 { 8486 | 61.1 | 0.06 0.0 0.0 788 | 482 | 374 | 374 | 518 0.00
2100 | 798| 800 | 761 | 788 84 84 832 | 557 | 76.3 | 60.8 | 83.8 | 59.3 01 0.0 0.0 734 | 482 | 365 { 383 § 57.2 0.0
21:30 ] 797 | 79.9 | 752 | 78.8 84 84 831 548 | 761 €0.7 § 829 | 575 ) 0.06 0.0 0.0 680 [ 482 | 356 | 39.2 | 628 0.00
22:00 | 795 } 789 77 78.8 a3 83 829 | 525 | 756 | 544 { 837 | 586 | 005 0.0 0.0 B0G | 402 | 59.0 | 374 | 428 0.00
22:30 | 797 | 799 77 788 83 83 828 | 583 | 765 | 60.3 | B3.1 | 58.8 | 0.05 00 0.0 788 | 428 { 302 (| 338 | 392 £8.00
23:00 | 795 | 79.7 7 78.8 a3 a3 829 | 528 | 759 | 59.9 | 829 | s82 | 034 0.0 0.0 78.8 | 446 |- 302 | 572 | 572 0.13
2330 | 9.7 | 797 77 78.8 83 a3 828 | 531 | 766 | 608 | 829 | 558 | 0.04 0.0 0.0 806 1 4468 | 302 | 356 | 59.0 0.00
0:00 795 | 79.7 77 788 | 82 82 826 | 532 ] 763 | 60.2 | 819 | 57.7 | 0.07 0.0 0.0 770 | 446 | 284 | 284 | 374 0.00
0:30 793 | 795 ) 752 ) 78.8 82 8z 826 | 618 | 752 | 552 | 819 ! 57.7 | 0.16 00 0.0 788 | 392 | 266 | 284 | 374 0.00
100 793 L 795 | 752 | 788 82 82 824 ) 499 | 752 | 582 | 815 | 550 | 0.18 0.0 0.0 734 | 374 { 2668 | 284 | 292 0.00
1:30 79.5 | 795 ?7 78.8 82 82 822 1 499 | 763 | 598 | 810 | 55.3 ) 0.14 0.0 0.0 78.8 | 39.2 | 284 | 338 | 320 .00
2:00 792 | 793 ] 752 | 788 82 a2 81.7 1 497 | 750 | 57.0 | 808 | 546 | 0.19 0.0 0.0 788 | 428 | 302 } 302 ¢ 338 0.00
2:30 793 | 793 | 752 | 788 az 82 813 | 502 | 763 | 570 | 80.1 | 54.2 | D.12 0.0 00 752 | 392 | 266 | 302 | 356 0.00
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MARUIA 1.2 KaNT5RT79 TaRooueaTuf 2 1Az 3 uNTIAN 2542 (Ae)

Window Others floor temp]  Corridor Indoor Outdoor Solar Radiation T sky
Time In Out |Ceiling{ Floor | Upper | Lower | DB RH DB RH- DB RH | WSP | Gicbal | Diff | Para 45 degrees Cload Amount
Degree Fahrenheit F ]l % | °F ] % | %F | % | ms Btuwhrit’ Degree Fahrenheit Decimat
3:00 79.2 | 79.2 77 78.8 a2 a2 Bid4 | 501 ) 756 } 59.0 | 79.5 ] 54.1 | 0.30 0.0 0.0 734 | 374 | 284 | 338 | 358 0.00
3:45 790 | 790 | 752 | 788 82 82 815 { 500 | 762 | 587 | 786 | 549 | 0.28 0.0 0.0 734 | 347 | 230 | 271 329 0.0
400 780 | 782 ] 752 | 788 82 82 810 | 505 | 765 | 586 | 783 | 552 )-0.27 0.0 0.0 734 | 338 ] 212 | 248 | 320 0.00
4:30 788 | 790 | 752 | 785 82 82 B02 | 524 } 75.0 | 542 | 779 | 555 | 0.09 0.0 0.0 752 | 356 | 212 { 248 ( 266 0.00
500 790 | 79.0 77 78.8 82 a2 804 | 515 | 765 | 602 | 775 { 543 | 037 0.0 0.0 752 | 302 | 248 | 248 | 356 0.00
6:00 789 { 789 [ 770 { 788 82.4 821 80.4 517 | 757 | 598 | 774 | 54.2 0.3 0.0 0.0 740 | 200 | 248 | 224 | 320 0.0
8:12 788 | 788 | 770 | 78.8 82 82 804 { 517 | 758 | 573 | 77.0 | 574 | 0.32 0.0 0.0 738 | 288 | 248 | 219 | 31.3 0.0
6:30 788 | 78.8 77 78.8 82 82 804 | 518 | 754 | 596 ( 774 [ 542 | 0.31 0.0 0.0 734 | 284 | 248 | 212 | 302 0.00
700 786 | 788 | 752 | 788 82 B2 802 ) 522 ) 750 | 564 | 768 | 548 | 0.26 37 3.7 716 | 392 | 266 { 284 | 30.2 0.00
7.25 788 | 788 | 767 | 788 82 82 802 | 509 | 7549 | 604 { 771 540 | 0.40 111 111 7341 40.7 | 281 [ 254 | 31.7 0.0
7:.30 768 | 788 77 78.8 a2 82 80.2 | 506 | 76.1 612 | 77.2 | 538 | 043 174 14.2 734 1 410 | 284 | 248 | 320 (.00
8:00 786 | 788 77 78.8 82 82 802 } 495 | 752 { 593 | 77.7 | 509 | 0.55 55.3 332 788 | 428 | 284 | 248 { 320 0.00
8:30 78.8 | 79.0 77 78.8 82 a2 804 | 490 [ 765 | 609 | 779 | 518 | 0.41 92.2 36.9 716 | 320 ) 21.2 ) 230 | 302 0.00
9:00 786 | 788 | 752 | 788 82 82 804 | 488 | 750 | 582 | 79.3 | 498 | 0.28 132.8 389 716 | 288 178 | 212 | 30.2 0.00
9:45 788 | 789 | 75.2 | 788 8z 82 806 | 487 | 763 | 610 : 80O | 497 § 0.30 | 1383 39.7 73.0 | 307 | 190 | 226 | 275 0.0
1000 | 768 | 790 | 752 | 788 8z 82 806 | 486 | 750 | 557 | 80.2 | 496 | 0.30 | 1402 406 734 | 320 | 194 | 230 | 268 0.00
10:30 | 79.0 | 79.2 77 788 82 82 811 48.1 76.1 613 | 81.0 ) 427 | 020 166.0 40.6 878 | 374 | 284 | 248 | 410 0.00
11:.00 | 79.0 | 792 ) 752 | 788 82 82 B15 | 482 | 752 ] 553 | 826 | 483 | 0.17 1734 40.8 734 | 392 | 266 | 266 | 30.2 0.00
1140 ] 792 | 792 f? 78.8 82 a2 81.9 | 471 754 ) 606 | 837 | 488 | 0.7 183.9 427 788 | 320 | 212 | 248 | 320 0.00
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MARUIN A2 nnnnnnwnﬁ'wﬁmma":’un 2 laT 3 uNIINY 2542 (AB)

Window Others floor tetp| ~ Gorridor Indoor - |  Outdoor Sofar Radiation Tsky
Time In Out |Ceiling{ Floor { Upper { Lower | DB RH DB RH bB RH | wsP | Global | Diff Para 45 degrees Cload Amount
Degree Fahrenheit °f | % | % w | %! % | ms Btuhr-f* Degree Fahrenheit Decimal
12:00 | 796 | 796 | 770 | 788 | 82 B2 | 821 ) 465 | 760 | 608 | 846 | 483 | 024 | 1892 | 437 [ 612 | 356 | 260 ) 248 | 344 0.0
1210 | 7990 | 799 | 77 | 788 | &2 B2 | 822 | 462 | 763 ) 60.9 ] 85.1 | 480 | 028 | 1918 | 443 | 824 | 374 | 28.4 | 248 | 355 0.00
16:30 500 | 205
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aTni a3 foyanmiasniadasins nadufmsveunonlfvemmuuenda

andnu (m/s ) Nt e

flemia

121 3 4 5 | -6 7.1 8 9 10 AMInTI IR
242 (221|347 | 374 | 311|295 | 389 | 3.81 | 2.80 | 274
2.37|245] 3.55 1 3.87 | 3.16 | 2.82 | 4.05 | 4.36 | 2.81 | 2.56 ¢ - amn

2.98 2.75 421 2.49
2.46 |2.51| 3.71 | 3.99 | 3.25 | 3.01 | 3.76 | 4.03 [ 2.81 | 2.77
259 |2.77| 3.68 | 4.03 | 3.21 | 3.08 | 3.88 | 438 | 278 | 2.74 VU - O

1.98

246 1238 3.48 | 3.91 { 3.18 | 2.92 | 3.90 | 4.16 | 2.80 | 2.66 AURAY (mis)
0.027]0.026| 0.038 | 0.043 | 0.035 | 0.032 | 0.043 | 0.046 | 0.031] 0.029 | darimizIna (m3s)
57.3 1.1 {911 | 742 | 68.1 | 90.8 | 969 | 653 | 620 | BATIMI A (cfm)

55.6

MOAT IS InnFadiung 742.3 cfm




MAKRUIN 3.

nuoziBaveallsunsunauine I MRIIYY

Tt}sunsuman Property_3.m

% Datine the properties of Multi-layers slab.
§ Type of Layers must be defined from outside to inside layer.

% Assign end point of lteration of s varlable in minus value for finding pole program,
% Pole.m, when initial point is zero.

% Shouid select the range that there arn't less than 20 polea within it.

Ends = -600;

%t RAssign maximum number of compocnents of X & Y & Z transfer function serles.
MAX M = 79;

% Wall of Laboratory. v -;
layer = 3;

% Property of the second layer material .
% Finishing
Dl = (.082; 8% ft.
Xi= .306; % Btu/hr-£t-¥.
dansityl = 97.9; % 1b/ft3.
Cpl = 0.26; % Bru/lb-F.
Rl = 0.26; % F-ftZ-hz/Btu,
1f Kl ~= O
Rl = D1/K1; 8 Recalculate resistance
end % if K1l ~= G
Alphal's Alpha(Kl,densityl,Cpl,Rl); & ft2/hr.

% Property of the third laver material
% 4ip. Brick

D2 = 0,333; ¥ ft,

K2 = 00,4667 % Btu/hr-ft~F.

density2 = 109.9;% 1lb/fr3,

Cp2 = 0.22; % Btu/lb-F.

R2 =» 0.714; % F-ft2-hr/Btu.
if K2 ~= 0
RZ = D2/K2; % Recalculate resistance

and ¥ if K2 ~= 0
Alpha2 = Alpha(KZ,density2,Cp2,R2); % ft2/hr.

A Property of the fourth layer material.
% Finishing

01 = 0.082; % fc,

K3 = 0.308; % Btu/hr~ft-F,

density3 = 97.9; % lb/ft3.

Cp3 = 0.26; t Btu/lb-F.

R3 = 0.26: v F-ft2-hr/BLu,
if K3 ~= 0

R3 = D3/K3; % Recalculate resistance.
end & if K3 ~= 0
Alphad = Alpha(K3,density3,Cp3,R3):; % ft2/hr.

Tdsunsumdn Pole.n

% Find the poles of B(s).

¥ Clear all,
clear all;

% Up-load the properties of material from library “property.m".
property: % Number of layers is assigned in property.m ’

% load the ending point of lteration ranges,s, from EndS to zero from “property.m"”,
EndS = End$; ’ '

% The element matrix Bi{s) is defined in "BS.m" function,

t Define the first pole at s = Q.But, the other poles are aleng the minus axis of s.
Poles {1} = O;

% Calculate the value of BS with step-side ~0.5 from zero to EndSiminus value},
Iterate = D:



Step = 0;
while Step > EndS
Value BS{Iterate+l) = BE{Step};
Value X(Iterate+l) = Step;
Iterate = Iterate + 1}
if Step >= ~10
Step » Step ~ 0,01;
alnaif Step < =10 & Step >= =30
8tep = Scep - 0.015;
alse
Step = Step - 5;
end ¢ if Step > 10
end ¥ while Iterate > EndS

% Find the polnts that graph is changing the direction from positive and noqative value
% by using the data, Value BS, from above subroutine.
Max_count = 1;
Min_count = 1;
for Iteratel = 2:Iterate-]
Bafore P = Value BS(Iteratel-lj}:
Present P= Value B§{lteratel);
Afcer P = Value _BS(Itsratel+l):
if ta-fazg P < Preasnt P} & {After P < Present_P)
MAX BS(HAR _count) = Fresent _B;
MAX_| "BS xrnax _count] = Value x(1terate1),
Max_count = Hax _count + 1;
elseif (Before_b > Present P} & (After P > Present_p)
MIN_BS[Min count) = Present _B:
MIN_BS_X{MIn_count) = Value X(Iteratel);
Hln count = Hln count + 1;
end % if >
end & for Iteratel
Max_count = Max_count - 1; & Reset Max_count to the numbers of maximum polnts,
Min~ _count = Hln count - 1; % Reset Mln count to the pumbers of minlimum pointa,
Iter _Range = {0 MAX_BS X MIN BY_X EndS)
Iter Runqc = ~sort (abs{Iter Ranqe)).
[Dummy, Max_Poles] = size(Itsr _Range};
Max_Poles = Max Poles - 1;

L] rlnd the other poles greater than reros by using tha “fzaro® function
%Y and the element matrix "BS.M".
for Iteratel = l1:Max Poles
% if Itar_ Range(lterated) > =5
if aign{BS{Iter _Range (Iterated+1}}) ~= sign(BS{Iter Range(Iterate3)})
Range = [fter Range {Iterated+1l) Iter Range(Iterated}}
Poles{Iteratei+l) = fzero{'BS',Range];
end & LIf sign(Iter Ranga(Iterat=3+1)) ~= signilter Range(lterate3l))

& else

L Range = (Iter Range(Iterate3+l} Iter _Range{Iterated})}
1} Poles{Iterate3+l] = fzero{'BS‘, Range) ;

% end % If Iter Range({lterate3) » -5

end t+ for Iteratel

%t Write all poles into file,

fid = fopen('d:\kcmZ\poles_lab_3.dat",'w');
fprintf{fid,'s14.9€ \n', Foles};
fclose(fid);

Waunsundn XYZResp.m

% Find X, Y and 2 response factor series for Multi- layer slab,
clear all;

% Up-load properties of material from library file "property.m",

property: & This commmand cann't be changed hecause there are many athers programs. using
% this subprogram for calculating the Pole value,

EPSLON = (,00000001; % Accepted error

STATUS = 0

Delta = 1; & Define time interval equaled to 1 hr.

% Up-load Poles from “Poles.dat".

fid = fopen('D:\KCM2\POLES_lab_3.DAT','r');

Poles = fscanf(fld,'sf'); % Dafa format is in one column or Nxl matrix.
fclose(fid);

(Num_Poles,temp) = size(Poles);

% Define Initlial values.
delta = 1; % Time interval is 1 hour.
Layers = laysr; % Load number of layer from “property.m".

X1_temp = 0;
X2 _temp = (;
AM_temp = 0;
Y1_temp = Q;
Y2 temp = 0;
M _temp = O;
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21_teap = 0;

12_tesp = 0;

H_temp = O;

MAX M = MAX M:% Load msximum number of component of X & Y transfer function seriea,
Num Poles = Nunm _Poles;

SMAX M = 2;

tHun_Polol = 1; % May ba, written for recheck the answer for X1 & Yi1.

MMM = 1; % for while loop )
while (MMM <= MAX M) & (STATUS ~= 999] % for while loop
tfor MMM = J:MAX H

MMM & Write the proceeding of calculation.

XM _temp = O;

™ | tenp = 0;

¥ _temp = 07

DLD XM = 0; % for while loop

OLD Y™ = O; 8% for while loop

OLD ZM =« 0) % for while loop

for Iterate = 1:iNum_Poles

b Calculate Tranafer Function Matrix for Muiti-layer slab,
M Matrix = MTM(Poles(Iterate}l;
A M =~ M Matrix(1,i);
BM=M Hatrixtl 2);:
CM =M Hatrixiz 1y;
DM =N Matrix(2,2);

]

o

alculate Differentiate of Transfer Function Matrix for Multi-layer slab.
Tix = DIFFTM{Poles|Iterate));

= DM Matrix{l,1):

_DM = DR _Matrix{l,2};
C_DM « DM Matrixi2,1l}; -

D_DH = [M_Matrix(2,2);

-

'a

DM
by
[

¥

% Calculate X-response factor series.
1f MMM me )

if Poles(Iterate) == 0

v X1_temp = l/delta*(delta*b M/B M + D_DM/B_ M - D_M*B _DM/B_M"2);
slze
X1 _temp = Xi_temp + exp(Poles(Iterate)*delta)*D_M/(delta*Poles(Iterate)~2*B DM}

end § if Polesiiterate) == 0

elself MMM am 2

i{f Poles(Iterate) ==
X2_temp = -lldelta"D DM/B M = D M*B DM/B | _M*2};
else
X2_temp = X2_temp + l/delta*D M/{Poles{Iterata)"2*B DM)* (exp{2*delta*Poles(Itarate}) ..,

-2*exp(delcu*?oles(I:era:e)}),
end % 1f Poles(Iterate) == 0
elself MMM >= 3 & Poles(Iterate] ~= 0
XM_temp = XM_temp + l/delta*D M/ (Poles(Iterate)”2*B DM} * {axp{MMM*delta*Foles (Iterate}) ...
~ 2*exp((MMM-1) *delta*Poles (Iterate)] + cxp{(HHN-Z)‘dclta'Polesllterate))),
end % 1f MMM == 1 | MMM == 2

$ Calculate Y-response factor series.
if MMM = 1
if Poles{Iterate} == O
Y1_temp = 1/delta*(delta/B M - B DM/B_M"2}; % Did Y1
else
Y1 temp = Yl temp + expl{Poles{Iterate)*delra)/(delta*Poles (Iterate] ~2+*B_DM);
end ¥ if Poles(Iterate) == O
elself MMM m= 2
" if Poles{Iterate) ==~ (
Y2 temp = l/delta*B DM/B M"2; % Old Y2

L YZ temp = ~1/delta¥(1/B M ~ B_DM/B_M"2}; % New Y2 <~ Wrong
else
¥2_temp = YZ_temp + l/delta*{exp(2*delta*Poles{Iterate)} ...

- 2 expldelta*Poles (Iterate)}}/(Poles(Iterate] “2*B_DM);
end & Lf Poles(Iterate) == 0
elself MMM >« 3 § Poles{Iterate) ~=
YM_temp = ¥YM _temp + l/delta*{exp(MMM*delta*Poles{Iterate)) ~ 2vexp({MMM-..
ly*delta*Poles|{Iteratel) ...
+ expl{(MMM-2)*delta*Poles(iterate)) )/ (Poles(Iterate}~2%B_DM);
end % 1f MMM mm ] | MMM =m 2

% Calculate Z~response factor series.
if MMM == ]

if Polesilterate) == 0
21_temp = l/delta*(delta~A_M/B_M + A_DM/B_M - A M*B DM/B _M"2);
elze
Zl _temp = 21 temp + expi{Poles(Iterate)*delta)*A | M/(delta'?oles(Iterate]‘Z'B _DM) 7

end & if Poles(Iterate) == ¢

elseif MMM == 2

1f Poles(Iterate} == 0
22_temp = ~1l/delta*{(A_DM/B_M - A _M*B_0M/B ¥~2);
else
Z2_temp = 22 temp + l/delta*A M/(Poles(lteratel*2*B_DM}={expi2*delta*Poles{Iterate}}



~2*exp{delta*foles{Iteratal}};
end % if Poles{Iterate) == 0
elseif MMM >= 3 & Poles(Iterate} ~= 0
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IM_temp = 2M_temp + 1/delta*A M/(Poles{Iterate]“2+*B DM)* (exp{MMM*dslta*Poles({Iterate)) ...
= 2*exp{(MMM-1) *delta*Poles (Iteratel] + exp((MM-2)*delta*Poles(Iterate)));

end & Lif MMM w= 1 | MMM == 2

end & for Iterate

ERROR = abs{OLD XM - XM_temp) + abs(QLD_YM - YM_temp) + abs(OLD_ZM =~ IM_temp); % for while loop

i1f (ERROR < EPSTON) & MMM > 2 -
STATUS = 999;

end & Lf

ERROR

1f MMM ==l

M) = X1 _temp;
YM (M) = Y1 _temp;
(MMM} = 2] temp;
elself MMM =m 2
KM{HMM} = X2 tvemp;
YM(MMM] = Y2 tewp;
M) = 22 temp;
glaeif MMM >=3
XM(MMM} = XM _temp;
YM{(MMM) = YM_temp;
IM (MMM} = ZM temp:
“end % {f MMM =w 1 .
OLD_XM = XM{MMM); & Using with while loop only.
OLD_YM = YM{MMM); % Using with while loop only.
OLD_IZM = ZM{MMM}; % Using with while loop only.
M = MMM+ L; % Using with while loop only.
and % while (MMM <= MAX M} & (STATUS -= 999) % for while loop
. MMM = MMM = 1; & Define maximum number of terms is in X & Y rasponse factor serjes.

t End of Reaponae factor finding subprogram,

% The preceded response factor serles need many terms of temperature histories,

% inside and outside temperature, then the reduced procedure must be sstablished

% to deminish the temperature histories, less than five values, by adding the heat
% transfer histories,

sprintf{'Reducing X & Y response factor series.’}

ON = O;

STOP = 1;

EPSLON = 0.00000001; %hccepted error.

Statuas = ON;

U _Coeff = U Value{layer]: % Calculate the overall heat transmlssion coefficient

% initialize the new reduced coefficlents.

for L = 1:4 ’
Lamda (L) = exp(Delta*Poles{L+1l)];

end 8 for L ¢ L is number of root

% Define the all new transfer factor series,

Col = 1; Row = 1;

¥X{Row,Col} = XM(Colj}; YY(Row,Col} = YM(Coll; 2Z(Row,Col) = IM{Cal);:
for Row = 2:4 .

XX {Bow,Col} = XX{Row-1,Col};

YY (Row,Col] = YY{Row-1,{0l};

ZZ(Row,Col] = ZZ(Row~1,Col};
end % Row

for Col = 2:MMM & Old value is Col = 2:25 ,Maximum numbers of X & Y response factor
Row = 1;
XX (Row,Col) = XM{Col} - Lamda(Row}*XM{Col=1];
YY (Row,Col) = YM{Col} ~ Lamda{Row)]*YM{Col-~1};
2Z{Row,Col) = ZM(Col) =~ Lamda(Row}*IZM{Col-l}:
for Row = 2:4
XX {Row,Col} = XX (Row=1,Col) ~ Lamda{Row)*"XX{Row=1,Col-1};
YY{Row,Col} = YY{Row-1,Col) - Lamda [Row]*Y¥{Row=1,Col-1};
ZZ (Row,Col) = ZZ{Row-1,Col} - Lamda{Row)*ZZ [Row-],Col~1};
end % for Row
end % for Col

% Iterate until find the minimum row and column that the new transfer series
% give the same result as the old series.

terms

for Col = 1:MMM % Old value is Col = 2:25 ,Maximum numbers of X & Y response factor terms

for Row = 1:4
SumXX = 0; SumYY = 0; Sum2Z =~ 0; Errorl = 0; Error2 =~ 0; Errord = 0;
far m = 1:Col
SumXX = SumiX + XX {Row,m);
SumYY = Sum¥Y + YY(Row,m};
SumZZ = SumZZ + ZZ(Row,ml;
end % for m
Temp = l:Row; Ref = U_Coeff*prod{onesi{l,Row)-Lamda{l,Temp}};
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Errorl = Errorl + abs({SumXX - SumYY);
Exrror2z = Error? + abs(SumXX - Ref);
Errozd = Exror3 + abs(SumXX - SumlZ);
if Erxorl < EPSLON & Error2 < EPSLON 4 Error3 < EPSLON & Status ~= STOP
NewRow = Row;
MewCol = Col;
Statys =~ STOP;
end § if Exrrorl & Error?
if Status == STOP break; end % Stop the loop calculation when the pregram get the result,
end ¥ for Row
if Statys == STOP break; end % Stop the loop calculation when the pregram get the result.
shd ¥ for Col

% Calculate flux history coefficlents depended on NewCol value.
F{l}) = Lamcia{l} + Lamdm{2) + Lamda(3) + Lamdaid};
F(2) = ={lemca(l}*Lamda{2}) + Lamda(l)*Lamda{3) + Lamda(l}*Lamda{4) + Lamda(2}*Lamda{3} ...
+ Lamda{2)*Lamda (4} + Lamda(3)*Lamda{d)};
F(3) < Lamca {1} *Lamda(2) “Lamcda (3} + Lamcla{l)=*Lamda(2)*Lamda(4) + Lamda(1)*Lamda(3}*Lamda(4} ...
+ Lamda (2)*iamdas (3} *Lamda{d);
F{4) = <~Lamda(l)*Lamda{2)*Lamda(3}*Lamda(4};

% Redefine the lnitial values,
Status = ON;

% The cutput of this reducing subprogram is XX (NewRow, from(0 -> NewCol}}

% & YY{Hewhow, from{0 -> RewCol}).

Lt Write all poles into file.

sprintf{'Saving the X & Y response factor series into Xresp,dat and Yresp.dat'}
£idl = fopen{'d:\kcm2\Xresp.dat*,'w'};

fprintf (fidl, "§18.14f \n', XK{NewRow, 1 :NewCol)}; s
feclose (fidl);

fid2 = fopen({'d:\kcm2\Yresp.dat', 'w');

fprintf{Lid2, *418.14f \n',YY (NewRow, l iNewColl};

fcloae (£1d2);

£id3 = fopen{'d:\kem2\Zresp.dat', 'w');

fprintI(£idd, "A18.14f \n', 2% (NewRow, 1tNewCol}};

fclose (£idd);

fid4 = fopen{'d:\kcm2\Flux History.dat’, 'w’);

fprintE{fidd, *S18.14% \n",F(l:NewRow)};

fclose(tidd):

sprintf{'Saving complete’)

'

Tahsuns3smdn Sol_Air.m

% Tha program is used to calculate and prepare the solar-air temperature

% from observed weather data file such as dry bulb temperature, wind velocity,
% wind direction, global and diffuss solar radiation.

% Also, The Direct Normal Radiation ia a by-product of the program,

% The evaluated solar-air temperature will be saved into "sol_air.dat” and

% be uploaded by "conduct.m" & "cond_ashrae.m,

clear all; ’

% Recommendation before Using the program. .

V 1) The atarting and ending time of the program must be 1:00 AM and 24:00 BM consequently.
% 2) The numbers of hours must be the orders of 24 hours (times of 24 hours} only.

% 3) The generated solar-alr temperatures is represented of west wall only.

& **wewr Coefficient for calculate the value of declination.
AQ=0.386470; Alm—-0.792624;A2=0,37T853;A3=0.030124;
Bl=23.259526:B2=0.131544;83=-0.167013;

% Define the location of the bullding in degrees
Lstd = ~105.0; % Standard longitude in cegrees
Lloc = ~100.5:% Local longitude in degrees

Llat = 13.7*pi/1680; % Local Latitude in degrees

% Define the atmospherical conditions and at the building location.
ACN = 1; § weiwee pemospheric Clearness Number in fraction
ground_reflect = 0.2; % ****** Ground reflection in fraction

% Define the properties of Horizontal wall,

EMIS =~ 1.0; § *** Hemispherical emittance of the surface in fraction
PHE = 90*pi/180; % *** Surface azimuth in radians from ASHRAE's handbook
§ rrv 90 deqrees means wall faced the west and its means nothing for horizontal plate.
TILT = 0*pi/180; % *** Tilted wall in radlans
% 0 degrees means the wall lays on Horizontal plane
% and the others degrees means the wall are tilted wall,
ALPHA = 0.9; % *** Surface solar absorptivity in fraction % Don't be used.

% Define the propertles of Observed vertical wall.,
W Hi = 1.46; % *** Inslde surface film coefficlent for natural convection
W_EMIS = 1.0; % *** Hemispherical emittance of the surface in fraction
W_PHE = 90*pi/180; % *** Surface azimuth in radians from ASHRAE's Handbook
% 90 deqrees means the normal vector of wall faced the west.
W_TILT = 90*pi/180: % Titled wall in radians
% 90 degrees means the wall lays in Vertical plane.



W_ALPHA = 0.29;

% “** Surface solar absorptivity In fraction

n=g; b wewwws Initialization of Iteration index

nnn = 0p.

t Upload the surface type, SURF_TYPE, from property file.
proparty_lab_5;

% Dafinitions of Logical Variable

YES = 1;

NO = O;

‘%t Set outside alr dry bulb temperature to actual data.

% Load observed air tmnperature. AAAARA S L LR L RS R R I S P Y Y
LR R L L L L L L g I S PP

OBBERVED = YES;
N Column = 8;
StartDay = 1;

% Define data column.
¥ Starting day of observed data on January 1, *99

‘ LAAL AR AR LA L ARl L d d L R A i S S

% Find number of hours must be loaded from observed file.
£fid = fopen('D:\KCM2\observed.dat','r'};
[Temp,count] = facanf(fid, '8f');

fclose (Fid) s

N_Hours = count/N Column;

A *¥eev+ Opan data File in the second time to upload the real data.

& Data format in one column or Hxl matrix,

fid = fopen{'D:\KCM2\observed,DAT', 'c");

temp - facanfifid,'sf*, (N_Column,N_Hours]);

fclose(fid) ;

§ *+w¢v+ Time indicator defined in number of hours from 1 to 24

Time = temp(l,:})';

N *ewvdr gyutside alr temperature in Fahrenheit

QADB = temp(d4,:)*;

SOADB = OADB*9/5 + 32*ones(size(QADB}}: V Change unit from celclusa to fahrenheit.

% **%%¢% Wind apeed in m/s

WEP = temp(6,:1";

WSP = W8F/0.515; & Unit conversion from m/s to knhots.
§ wewies Global solar irradiance in Btu/hr-ft2

Global = temp{7,:)*;

VGlobal = Giobal/6.0; % Change unit from mV to Langley.

¥Global = Global*221.335; % Change unit from Langley to Btu/hr-£tz.

% *v*ers Diffuse scolar irradiance in Btu/hr-ft2

DL = temp(8,:})*:

ADiff = Dif£/6.0;% Change unit from mV to Langley.

ADiff = DEFL*221.335; & Change unit from Langley to Btu/hr-ft2.
A #**%e» Dafine starting and ending time of cbserved calculation.

LR R PSR Py

§ wwevxs Load the convection-radiation heat transfer coefficient of DOE 2.1E.

DELTAR = zeros{size(QADB)):; % From ASHARE assumption
fid = fopen(‘D:\KCM2\DeltaR,DAT','r'):

temp = fscanf{fid,'sf’, [1,N ¥ours}); % Data format i3 in N column matrix.

felose (£id);

DELTAR = tempi(l,:)': % From laboratory calculation
L Y Rt R L L LT iy

DayAmount = N_Hours/24:

COSTETA = zerosa(size [OADB)};
W_COSTETA = zeroa{size{OADB!):

§ *»e*4+ Open Clear Sky Solar Flux Parameters File, ***+%w
solar_f = fopen{'d:\kem2\sclar_f.dat','r’);
solar_para = [scanfi{solar_f,'%¢",[3,12));

solar_para = golar_para';
fclose(zolar f);
CN = ones(12,24);

$ Define the coefficlents of combined radiative and

& depending on types of material.

if SURF_TYPE == 1

H_Coeff = [2.04 0.535 0.0];:

elseif SURF_TYPE ww 2
H Coeff = (2,20 0.369
elself SURF TYPE wm 3

0.001328);

H_Coeff = {1.90 0,380 0.0];

elseif SURF TYPE w= 4

H_Coeff = [1.45 0,363 -0.002698];

elseif SURF TYPE == 5

H _Coeff =" [1.80 0.281 0.0];

elseif SURF TYPE == 6

H_Coeff = [1.45 0,302 -0.001661];

end % if SURF_TYPE == ]

% Stucco

% Drick and rough plaster
1 Concrete

% Clear pine

¥ Smooth plaster

% Glass, white paint 6n pine

% Prepare the initial data for calculatien.

QGAIN = zerosi{size(l1:24))
TETAN = zerosi{size (DADB)}

count = Q;
TETAcount = 0;

i

%t Data format in N column matrix.

convective outside surface conductance
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S0Lcount = §;

§ *»eus® define Extraterrestrial Solar Radiation Intensity and Related Data at 2ist January,
nnt = 0; % Used in hour’s count. :
for days « StartDay:il:{StartDay + N_Hours/24 - 1) % use end of month loop.
nnn = non + 1; '

1f (days »= 1} & [days <= 31}
month = 1;

alseif (days > 31} & (days <= 60 )
month = 2;

elseif {days >60) & {days <= 91}
menth = 3;

elself (days > 91) & (days <= 121)
month = 4;

elzelf (days > 121} ¢ icays <= 152)
month = 5;

elself (days > 152) ¢ (days <= 182)
month = 6;

elaelf (days >182) & (days <= 213)
menth « 7;

elself (days > 213) & (days <= 244}
menth = 8;

elsalf (daya > 244) & (days <= 274}
month = 9;

elseif (days > 274} & (days <= 305) ~ % ’
menth = 10; !

elself (days > 305] & (dayas <= 335|
wmonth = 112

elae
month = 12;

end & 1f (days >= 1) & (days <=3l}

% Calculate the eéuntion of time, in minute of time.
B = 360* (daye=-81)/364*pi/1060;
E = 9.87*sin(2*B} ~ 7.53*cos{B) = 1.5*ain{B); 4% Result in minutes

/
§ wrweds Calculation of decllination by using Exell's Formula.
% declination=(A0+Al*cos{B)+A2*cos (2¥B)+A3*Co= (3*B)+B1*sin(B)+P2*8in{2*B) +B3*sin (3*B) } *pi/180;

‘4 svvews Calculation of declination by using formula in E-20
GO = 2*pl*{days + 284)/365.24; & yradians .
G = GO + 0.007133*ain{G0} + 0.0326B%co={GO) -~ 0,000318*sin(2*G0) +0.000145*Cos{2*G0}; % rads
declination =~ asin(0,3979*sin(G}}; % radians

& #weses Calculate solar altitude, BETA, and solar azimuth, PHI, and keep the results
§ *eusrv for further procedure,
for LT = 1:24

& Calculate solar angise.
AST = (LT-1)}*60 + E + 4*{Lstd - Lloc); % Appearent solar time in minutes
H = 0,25%(720 - AST)}*pi/180; A Hour angle from E-20 changed unit to radians
% Solar altitude and solar azimuth on radians consequently
BETA(LT) = asin{cos(Llat)*cos{declination)*cos{} + sin(Llat)*sin({declination}};
PHI (LT} = acos{{sin(BETA{LT)}*sin(Llat) - sin(declinatlon})/{cos{BETA(LT))*cos(Llat})};
A2 RAST <= 720
PHI(LT} = -PRI{LT); % value of solar asimuth must be negative value for morning hours,
end ¥ if AST <= 720 .

% Evaluate surface-solar azimoth, GRAMMA, and incldent angle, TETA cansequently.
GRAMMA. = PHI(LT} ~ PHE; % radians
TETA = acos{cos(BETA(LT)1*Cos (GRAMMA) *sin{TILT} « sin{BETA{LT))*cos(TILT));
% Prepare the Incident angle for wrltting into *"Teta.dat",
TETAcount = TETAcount + 1; & ****** count hours iterations.
TETAD{TETAcount} = TETA;

and ¥ LT of solar altitude.

ISR AR AR L L AR e

% The following routine is used in the calculation of solar irradiance when
% the observed weather data isn't available.
if OBSERVED == NO; % Calculation when the observed data ism't available.

% **%+++ and use these value to calculate fhe direct normal irradiance later.
for LT = 1:24 :
count = LT+(nnn-1)*24; % ****** count hours iterations,

% Calculate direct normal solar irradiance.
1f sin(BETA{(LTI! > 0 % #w¥*ve bagin the calculation during the sunrise times.
IBN = ACN*golar paraimanth,l)/({exp(solar_para(month,2}/sin{BETAILT)})):
else .
IBN = O;
end

% Calculation of diffuse solar irradiance.
% Evaluate surfarce-solar azimuth, GRAMMA, and incident angle, TETA consequently.
GRAMMA = PHI(LT} - EHE; % radians
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TETA = acos{cos(BETA(LT))*cos (GRAMMA) *sin (TILT) + sin(BETA(LT)) *cos(TILT));
if cos{TETA} » -0.2
Y = 0,55 + 0.437*cos{TETA) + D.313*(cos (TETA})*2;
elan
Y = 0.45; *
end % if cos(TETA} > =-0.2

if TILT == 90+%pi/180
ID = solar_para(month,3)*Y*IBN;
else
1D = solar_paraimonth,3)*IBN*(1 + cos{TILT))/2;
end & TILT == 50*pi/180

§ ewéwss Calculation of Reflected solar irradiance
% Modify Clear Sky Solar Flux to Actual Conditions by using CN factor.
IBN = IBN*CM{month,LT};
if TILT == @
IR = 0; :
elself (TILT > 0) & (TILT < 90*pi,/180)
IR = ground_reflect“IBN*(sclar parai{month,3] + sin{BETA(LT)))* (1 = cos(TILT))/2;
else
IR = ground_reflect*IBN*(solar_para(month,3} + sin{BETA(LT}})/2;
endd % 1f TILT == 0

& Calculation of clear sky direct solar irradiance incidented on the surface.,
if cos({TETA} > O
I8 = IBN*cos (TETA)};
alse
IB = Oy
end ¥ if cos(TETA) > O

% Calculaticn of Total solar irradiance
ITCTAL = (1B + ID)*CN{month,LT) + IR:
IRN[count) = IR: % Reflect irradiance
IBBN {count) = IB: % Direct irradiance
IBNN({eount) = IBN; & Direct normal irradiance
ITOTALM {count) = ITOTAL; % Gichal irradiance

end & for LT = 1:24

elself OBSERVED == YES % Calculatlion when the observed data is available.

for LT = 1:24
Count = count + 1; & *¥*vew ooune hours lterations.

if LT < 24
MLT = LT + 1; § *+*vee Modify by plusing LT with one to apeed the dawn's time
§ veede* for Solar angle value from Ashrae's Handbook.
alse
MLT = 24;

end ¥ if LT < 24

t ¥+ Calculate the Direct normal irradlance from observed global & diffuse
% solar data on horlizontal plane.
1f Globalicount) ~» 0 & DLff({count) == @
¥ Evaluate surface-solar azimuth, GRAMMA, and incident angle, TETA consequently.
% =+*+*+ 0On the Horizontal plane
GRAMMA = PHI (MLT) - PHE; % radlans
TETA = acos{cos (BETA(MLT)) *cos (GRAMMA} *sin (TILT) + 350 {BETA(MLT}) *cos (TILT) ) ;
COSTETA{count) = cos{TETA);
% Calculate direct normal solar irradiance in Btu/hr-ft2
% by using the cbserved global and diffuse solar radlation.
IBNN{count} = (Global{count) = DLIff{count))/cos (TETA}:
else .
IBNH(count) =~ 0; # Direct normal solar irradlance equaled to 0 throughout the night.
end ¥ if Globalicount) ~= 0 ¢ DLff{counz) ~= 0

% ++* Calculate the Global irradiance incident on any directional vertical plane
X by using the Direct normal & Diffuse irradiance from the previgpus calculation,
% Evajuate surface-solar azimuth, GRAMMA, and incicent angle, TETA conseguently,
% **¥e42 On the Vertical plane
W_GRAMMA = PHI{MLT) =~ W_PHE; % radians
W_TETA = 3cos {cos (BETAIMLT) ) *cos (W_GRAMMA) *sin (W_TILT) + sin({BETA(MLT} ) *cos (W_TILT)):
if IBNN(count) ~= 0 | Diff(count) == 0
1f cos(W_TETR] > 0
ITOTAL{count] = IBNN{count)*cosiW_TETA) + DLEf(count);
else
ITOTAL{count) = Diff{count};
end % Lf cos(W_TETA) > 0O
else
ITOTAL{count) = G;
end § if IBNN{count) ~~ 0 | Diff{count) ~= 0

§ wxwew* Calculate the estimated Solar-air temperature by using a formula
% " defined In Ashrae's Handbook of fundamental.
% The combined radiative and convective outslde film from COE Engineering's Handbook,

LR SRR R R T L T T TR N ey

%

Hofeount] = H Coeff(l) + (H Conff{21*WSPicount}) + IH_Coeff(3)*WSP(count)*2);
Holcount) = 3.0;% From ASHRAE assumption only,
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N wwwdas Bolax-alr temperature in fanrenheit

Sol _Alr{count] = QADB(count) + W_ALPHA*ITQTAL(count}/Ho{count) +

W_ALPHA*DELTAR (count ] /Ho [count) ;
ehnd & 1f LT = 1:24
end ¥ 1f OBSERVED == NO
end § end of days

§ Write direct solar !rradiance into "Pirect.dat™,
fid = fopen('d:\kcm2\Direct.dat', 'w');
fprintf{fid, *411.3f \n", IBNN");

folosa (£id);:

% Save the solar-air temperature in Celsius.

VS0l _Alr = (8¢l Air - 32*ones{size(Sol Air)}1=5/9;
Sel.Alr = {Time Sol Air');

fid = !opon('d:\kCM!\BOL AIR.dat','w");
fprintf(fid, *45.0f 410,3%\n',Sol_Alr'});

fclose (fid) s

% Save the Heat convection coefficient.

Ho hr = (Time WSP Ro'};

fid = fopen{'d:\kemZ\Ho.dat', ‘w');

fprintf(fid, *45.0f 46.3f %10.3f\n' ,Ho_hr');

fclose (fid)

Taunsamén Conduet_3.m

A Calculate the cne dimensional conduction heat transfer through
% three layers ocpagque wall by using transfer function method,

clear all;

& vwerre Define logical variables
YES = 1;
NO = Oy

% Up-load the X, Y & Z transfer function coefficient from data file,
fid = fopen{'D:\KMM2\Xresp_lab 3.DAT','r');

Xremp « facanf{fid,'$f*); % Data format in one column or Nxl matrix
fclose (fid);

fid = fopen({'D:\KCM2\Yreap lap_3.DAT*,‘r');

Yresp = facanf(fid,'sf'); & Data format in one column or Nxl matrix
fclose (rid);

fid = fopen('D:\KCM2\Zresp lab_3.DAT','r'};

Zresp = fscan{(fid,'sf'); & Data format in one column or Nxl matrix
fclose (fid);

[M_Serles,temp] = size(Xresp):

%\ Up-load the flux history coefficients from data file.
fid = fopen('D:\XCM2\Flux History_lab_3.DAT','r');

F_Hlstory = fscanf(fid,'sf’); & Data format in one column or Nxl matrig

fclose (£id);
[K_order, temp] = size{F Mistory):

% Up-lcad the inside & cutside surface temperature of speclfic wall.
% Surface temperature's Unit of “SurfaceT.dat™ is in Fahrenheit.

% Find numbers of hours must be loaded from observed file.

N _Column « 3; % Numbers of column in the file

fid = fopen('D:\KCM2\SurfaceT.DAT', 'r');

[Temp,count] = fscanf(fid,'$f*); % Data format in one column or Nxl matrix

fclose(fid);

N_Hours = count/N_Column:
§ Upload Time, Inside surface and Qutslde surface.
£id = fopen{'D:\KCM2\SurfaceT.DAT', 'r");

temp « fscanf{fid,'%f’, (N_Column,N_Hours)); % Data format in one column or Nxl matrix.

fclose(fid);

Time = temp{l,:)*; Temp_IW = tempi{l,:)’; Temp_OW = temp(3,:)*;
& Solar-alr temperatures arn't necessary when use surface t{emperature as input data.

% Overwrite the inside surface temperature by using Average surface temperature.

SAvg Surf Temp = B1.0;

STemp IW = Avg _Surf Temp*cnes(size(Temp_IW}); % Overwrite the Temp IW value from data file,

% Repeat the serles of inslde & outside observed temperature for the long time-lag walls,
Temp IW = { Temp_IW ; Temp_IW ; Temp_IW ; Temp IW ; Temp_IW ; Temp_IW ; Temp IW : Temp_IW ];
Temp OW = [ Temp OW ; Temp CW ; Temp_OW ; Temp_OW ; Temp OW Temp_OW ; Temp_OW ; Temp _OW 1;
% Number of hours in calculation is increased for four times of the original.

N_Hours = N_Hours*8;

% In case of Input UNLE 18 CRlsiug ¢ v vt il b ittt bbb rrratbnb v s bbb rtdbuvst ity

¥ Temp_IM = Temp_IW*9/5 + 32vonesisize{Temp_IW));
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4 Temp OW = Temp OW*3/5 + 32%onea(size(Temp_OW));

% The initial aize of conduction hear gain must equal to numbar of observed hours.

% In order to avoid the confusion, may be occured, for the beginner

% Let's define that the conduction heat flux from TEM at the outter surface, Q_Cond_0O,
% and heat galn from TPM at the inner surface, Q_ Cond_1I.

Q Cond T = raros(H_Hours,i};

Q_ Cond "0 = zaros(N| _Mours,1);

§ Evaluate the conductlon heat flux at cutter surface by using kth-order”
% conduction transfer functions.
for Hours = 1:N_Hours
Q_temp OX = 07 Q temp OY = 0; Q temp OF = 0;
for MMM = 1:M Beriea v Calculate from temperaturs histories.
if (Hours-#MM+1) <=0
Q_temp OX = { temp OX;
Q _temp ( QY = Q temp CY;
else
Q_temp OX = Q temp OX + Xresp (MMM} *Tamp_ OW (Mours-MMM+1,1);
Q_temp of = @ _temp OY + Yresp (MMM *Temp IR [Hours-MMM+1, 1);

end % LF
end ¥ for MMM = 1:M Series
for KKK = 1:X_ order % Calculate from heat flux histories.

1f {(Hours-KKX) <= D
Q_temp OF =  temp OF;
else
Q_temp OF =  temp OF + F History(KKK}'Q Cond_0O (Hours=KKK, 1}y
end & Lif {Houra~KKK) == D
end % for KKK = 1:K_arder
Q _Cond_O(Hours, 1) - Q_temp OX - ( temp OY + Q_temp_OF;
end ¥ for Hours = 1: N_| Hours

t Evaluate the conduction heat gain at inner surface by using kth-order
8 conduction transfer functions,
for Houra = 1:N Hours
O_temp _IY = n Q temp_IZ = O; C temp IF = 0;
for MMM = 1: M. Series % Calculate from temperature histories,
if, (Hours-HHH+1) <= 0
Q_temp_IY = Q temp IV;
Q temp IZ2 = Q- _temp_IZ;
else
Q_temp IY = Q temp IY + Yresp(MMM}*Temp OW(Hours=-MMM+1,1);
Q comp T2 =0Q _temp_IZ + Zresp(MMM)*Temp_IW(Hours-MMM+1,1);
end % if”
¢ _temp_IY var(Hours) = (_temp IY;& Varlables check
Q tenp I _var (Hours) = Q- }_temp IZ:% Variables check
end ¢ for MM = 1: M _Series
for KKK = 1:K order % Calculate from heat flux histories,
if [Hours-KEK} <= 0
Q temp IF = ( _temp_1F;
else
Q_temp IF = Q_temp_IF + F _History (KKK)*Q Cond _T{Hours—-KKK,1};
end ¥ Lif (Hours=—KKK) == 0
Q_temp_ IF var(Hours) = Q_temp IF; ¥ Variable check.
end % for KRK = 1:K _order
Q Cond_I{Hours,l} = ~a _temp IY = 'Q temp IZ + Q _temp_IF;
end % for Hours = 1: N_Hours

% Write heat flux and heat gain into flle.

fid = fopen('d:\kcm2\Q_Cond_ 3.dat', *w*);

fprintf{fid," Outside Inside \n');

fprintf(fid, "%14.9¢ %14.9€ \n', [Q_Cond _O{(N_Hours-95):N Hours] Q_Cond_T((N_Hours-95):N Hours)]'):
fclose{fid); -

% Write all temporary variables into file.

fid = fopen{‘'d:\kcm2\{ cond_3_var.dat®,'w');

OutPut = [Q_temp_IY _var{(N Hours—95] tN_Hoursl; Q temp IZ_var((N_Hours-95):N _Hours};

Q temp_ IF var(tN Hours-95) TN Hours)]':”

fprintf(fid, * Y Variable Z Varlable F Variable \n'};
fprintf(fid,*%14,9f %14.9f %14.9f\n',QutFut’);
feclose (fid)
T T
Jauniuges BS.n ]

% Define the element transfer matrlic B(s} in the function of x.
% To find the Poles of Bi{s).
function Result=BS(x}

% Up-load the properties of each slab.
Property; % Number of layer is assigned in property.m

1f layer m= ]
Result = THBI(x,Dl,K1,Alphal};
elseif layer == 2
Result = TA{x,D1,Kl,Alphal)*T8{x,D2,K2,Alpha2]
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+ Taix,Dbl,Kl,Alphal}*TD(x,D2,K2,Alpha2);
eleelf layer == 3
% Three layers slab. B{x).
Result = TB(x,D3,K3,Alpha3)* (TA{x,D1,Kl,Alphal)*TA(x,D2,K2,Alphaz} +
TB(x,D1,K1,Alphal) *TC(x,D2,X2,Alpha2)} ...
+ (TA(x,D1,K1,Alphal)*Thi{x,D2, K2 Alpha2) +
TB(x,Di,K1,Alphal}*TD(x,D2,K2,Alpha2)) *TD(x,D3,K3,Alpha3);
elseif layer == 4
Result = TB(x,D4, X4, Aiphad)* (TA(X,D3,K3,Alphal}* {TA(x,Dl,K1, Alphal)*TA(x,D2,K2,Alpha2} +
T8 (x,D1,K1,Alphal) *TC(x,D2,K2,AlphaZ}} ...
+ TCi(x,D3,K3,Alphal)* (TA(x,D1,Kl,Alphal) *TB(x,D2,K2,Rlphal2) +
TB(x,Dl,Kl,Alphal)*TD(x,D2,K2,Alpha2))) ...
+ {(TB{x,D3,K3,Aipha3)* [TA(X,D1,K1,Alphal) *TA(x,D2,K2,Alpha2) +
TB(x,D1,K1,Alphal) *TC(x,D2,K2,AlphaZ}) ...
+ (TA(x,D1,K1,Alphal) *TB(x,D2,KZ,Alphaz} +
TB(%,D1,K1l,ARlphal}*TD(x,D2,K2,Alpha2}) *TD(x,D3,K3,Alpha3} ) *TD{x, D4, K4, Alphad);
elaeif layerx == 5
Result = TB{x,D5,K5,AlphaS)* (TA(x,D4,Kq,Alphad)* (TA{x, D1, K1, Alphal)*TA(x,D2,K2,AlphaZ} +
TB(x,Dl,Kl,Aiphal) *TC(x,D2,K2,Alpha2}) ...
+ TC{x,D3,K3, Alphad) " {TA(x,Dl,Kl, Alphal) “TB{X.D2, K2,Alpha2) +
TB{x,Dl,X1,Alphal)*TD{x,D2,K2,Alphal}}} ...
+ TC{x,D4,K4,Alphad)*(TB(x,D3,K3,Alpha3) *(TA(x,D1,Kl,Alphal) *TA(x,D2,K2,Alpha2} +
TB(x,D1,Ki,Alphal) *TC(x,D2,K2,Alpha2)) ...
+ {TA{x,D1,K1,Alphal}*TBi(x,D2,K2, Alpha2} +
TB{x,D1,K1l,Alphal] *TD(x,D2,K2,AlphaZ)) *TD(x,D3,K3,Alphald)) ... ;
+ (TB(x,D4,K4,Alphad) *(TA{x,D3,K3,Alphal)* (TA(x,D1,.K1,Alphal) *TA{x,D2,KZ,Alpha2) +
TBix,D1,Kl,Alphal) *TC(x,D2,K2,Alpha2)) ...
+ TC(x,D3,K3,Alpha3}* {TA{x,D1,K1,Alphal) *TB (x, D2, X2, Alpha2) +
TB{x,D1,K1,Alphal)*TD(x, 02, K2,AlphaZ}]}) ...
+ (TB(x,D3,K3,Alpha3)*(TA(x,Dl,K1,Alphal}*TA(x,D2,K2,Alpha2) +
TB{x,D1,K},Alphal) *TClx,D2,K2,Alpha2)} ...
+ (TA(x,Dl,Kl,Rlphal)*TB{x,D2,K2,Alpha2) -+
TE{x,D1,Kl,Alphal)*TD(x, D2, X2, Alpha2)} ) *TD(x,D3,K3,Alphad) | *TD{x, DM, K4 ,Alphad) ) *TD{x, D5, K5, Alphas);
alaeif layer == 6
Resuly =
TB{x, D6, K6, Alphaé) * (TA{x,DS, K5, AlphaS) * {TA{x, D4, Ké, Alphad’* {TA{x, D3, K3,Alphad)* (TA(x, D1, K1,Alphal}
*TA(x,D2,K2,AlphaZ) ...
+ TBix,D1,Kl,Alphal)*TC(x,D2,K2,Alpha2)) ...
+ TC{x,D3,K3,Alphal)* (Th{x,Pl,K1,Alphal) *TB(x,D2, K2,Alpha2] +
TB(x,Db1,K1,Alphal)*TD{x,D2,K2,Alpha2})} ...
+ TC(x,D4,K4,Alphad}*|{TB(x,D3,K3,Alpha3) *(TA(x,DL,Kl,Alphal) *TA(x,D2,K2,Alpha2} ...
+ I8{x,D1,K1,Alphal) *TC(x, D2,K2,Alpha2)) + (TA(x,Dl,K1,Alphal)*TB(x,D2,K2,Alpha2) ...
+ TB(x,D1,K1l,Alphal) *TD(x,D2,K2,Alpha2)}*TD{x,D3,K3,Alpha3l)) ...

+
TCix,D5,K5,Alphab)* (TB{x,D4,K4,Alphad) * (TA(x, D3, K3,Alpha3) * {TA({x,D1, Kl,Alphall *TA(x,D2,K2,Alpha2}
+ TBix,D1,Kl,Alphal)*TC(x,D2,K2,Alpha2}) +
TC(x,D3,K3,Alpha3)* (TA(x, D], K1, Alphal) *TB(x,D2,K2,Alpha2] ...
+ Té(x,Dl,Xl,Alphal}*Th{x,D2,K2,Alpha2}}} +
(TB(x,D3,K3,Alphald]) *(TR(x, D1, X1, Alphal i *TA(X,D2, K2, Alpha2) ... I
+ TB(x,D1,Kl,Alphal}*TC(x,D2,K2,Alpha2)} + (TA{x,D1,K1,Alphal} *TE(x,D2,K2,Alpha2) ...
+ TB(x,Dl,K1,Alphal) *TD{x, D2, K2, Alpha2) ) *TD{x, D3, K3,Alpha3] | *TD{x, D4, K4, Alphad}}} ...
+
(TB{x,D5,K5,Alphab) * (TA(x, D4, K4, Rlphad}* {TA(x, D3, K3, Alphal) * (TA(x, D], Kl,Alphal}+*TA(x,D2,K2,Alpha2)
+ TB{x,Dl1,Kl,Alphal}*TC(x,D2,K2,AlphaZ)) +
TC{x,D3,K3,Alpha3}* {(TA(x,Dl,K1,Alphal}*TRB(x,D2, K2,Alpha2) ...
+ TB{x,Dl,Kl,Alphal)*TD(x,D2,K2,Alpha2)}} =+
TC{x,D4,Kd,Alphad)*(TB(x, D3, K3,Alpha3)* {TA (x, D1, K1, Alphal) *TA(x, D2, K2,Alpha2) ...
+ TBix,Dl,Kl,Alphal]*TC(x,D2,X2,AlphaZ}} ..,
+ {TA(x,Dl,Kl,Alphal)*T8(x, D2,K2,Alpha2) +
TB{x,Dl,Kl,Alphal}*TD(x,D2,K2,Alphal}1*TD(x,03,%3,Alphal}}) ...
+ (TB(x,D4,K4,Alphad) *(TA(x,D3,K3,Alpha3] *{TA(x,Dl,K1,Alphall *TA(x, DZ,K2,Alpha2) +
T8({x,Di,Kl,Alphal)*TC(x, D2, K2, AlphaZ)) ...
+ TC(x,D3,K3,Alpha3} * {TA{x,D1,K1, Alphal) *TB(x, D2, K2, Alphaz] +
TBi{x,Dl,Kl,Alphal)*TD{x,D2,KZ,Alphaz]); ...
+ {TB{x,D3,K3,Alphal) ¥ (TA(x, D1, K1,Alphal) *TA (%, D2, KZ,Alpha2) +
T8({x,DL,Kl,Alphal}*TC(x, b2,K?,AlphaZ)} ...
+ (TA(x,Dl1.K1,Alphal) *TB{x,02,K2,Alpha2) ...

+
Tth,Dl.Kl,AlphalJ*TD(x,DE,KZ,Alpha2JJ*TD(x.DJ,KB,AlphaS)l‘TDtx.Dd,K-l.Alphanl‘TD(x.DS,KS.A&phaSH
*TD(x,06,KE,Alphat): . .

end % if layer

Waunsudes TA.m

function AA=TA{s,D,X,Alpha)}

Ef D mew 0 &g K =w=0

AA = 1; % For alr film or Cp = 0
else

AR = coshi{R*sqrt(s/Alphal};
end % If Alpha == 5999
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Tsunsutes TB.m

function BB=TH(s,D,K,Alphal

% To avold dcvidé by zero when the value of 5 is zero;
% then, the equation B(s) must be reformulated.

1f g me 0 & D~= 0 g K~=20
BB - D/K; % Using Hospital's Law.

eigeif D ~= Q0 | K ~= 0 -
BB = sinh{D*sqrt{s/Alpha))/(K*sqrt(s/Alpha}};

and
LEDme O & X == 0 \

BB = Alpha; % Alpha {3 redefined as alr film reaistance when Cp == 0.
elze

BB = BB;

end % 1f Alpha == 9959

Tsunsudes TC.m .

function CC=TC({a,D,K,Alpha)

If D == 0 & K== 1D
CC = 07 & For air film or Cp = O,
else
CC = K*sgrt(s/Alpha}*sinh (D*sqgrt(s/Alphat);

end % if Alpha == 35999

Wsunsudey TD.m

function DD=TD{s,D,K,Alpha}

{f Dum 0 g K== @

DD = 1y & For alr film or Cp = 0.
alae

DD = cosh{D*sqrt{s/Alpha));

end % 1f Alpha == 9999

Tlsunsudes TM.m

% Define the overall transfer matrix of single layer slab.
function Matrix=TM(s,D,K,Alpha)

Matrix = {TA(s,D,K,Alpha} TB{(s,D,K,Alphals TC(s,D,K,Alpha} TD{s,D,K,Alpha}];

TWsunsuges MTM.m

% Define the overall transfer matrix of single layer slab.
function Matrix=MTM(Poles)

% Load numbers of layer from “property.m“.
property;

if layer w= 1
Matrix = TM{Poles,Dl,Kl,Alphal);
elaeif layer == 2
Matrix = TM|{Poles,Dl,Kl,Alphal)*TM{Poles,D2,K2,Alpha2);
elseif layer =w 3
Matrix = THM({Poles,Dl,Kl,Alphal) *TM(Poles,D2,K2,Alpha2) ...
*TM{Poles, D3,K3,Alphald};
elseif layer == 4
Matrix » 7M{Poles,D1,Kl,Alphal}*TM{Poles,D2,K2,Alpha2)
*TH(Poles, D3, K3,Alpha3) *TM{Poles, D4,K4,Alphad);
elself layer == %
Matrix = TM{Poles,D1,K1,Alphal)*TM{Poles,D2,K2,Alpha2) ...
*TH{Poles, D3, K3,Alphal) *TM(Poles, D4, K4, Alphad)
*TM{Poles, D5,Kb,Alphab);
elself laver e= &
Matrix = TM(Poles,Dl,Kl,Alphal)*TM(Pcles,D2,K2,Alphal)
*TM{Poles,D3,X3,Alphal)*TM(Poles, D4, K4,Alphad}
*TM(Poles, D5, K5,AlphaS) *TM(Poles, DG, K&, Alpha6) ;

end % if layer == 1
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Tusunsutos DTA.m

% Derivative of elament A.
function DAAR=DTMA{s,D,X,Alpha}

if 8 == 0O

DAR = D~2/{2+*Alphal: % Using Hopital's Law when the value of s la zero.
else

DRA = D*ainh{P*sqgrt(s/Alphal}/(2*sqrtis/Alpha}*Alpha);

and -

Tsunsutiss DTB.m

4 Derivative of element B.
function DRB=DTHME (s,D,X,Alpha)

% To avoid devide by zeroc when s is zero ,
% then the equation B(s) muat be reformulated,
if g = D& D ~=04& K=>0
DBB = D"3/(6*Alpha*K];
elaglf 9 ~=~ 0 & D ~= 0 & K ~=20
DBB = D/ {2*s*K)*coshi{D*sqrt{s/Alpha)] -~ Alpha/(2*s*K*Alpha)*sinh(D*sqrt{s/Alpha})/aqrt(s/Alpha);
end :

iD= 0 & K==0
DBB = 0; & Using hospital's law with the variable Cp.

end & 1f Alpha == 9999

Tsunssides DTC.m

b Derivative of element C.
function DCC=DTMC(s,D,K,Alpha}

if 3 == 0
DCC = D*K/Rlpha; & Usxing Hopital's Law when the value of s i{s zero.
else .
DCC = K/{2*Alpha*sgrt{s/Alpha}}*sinh(D"sqrc(s/Alpha)} + K*D/(2*Alpha)*cosh(D*sgrt{s/Alphal);

end

Wsunsudes DTD.m '

% Derivative of element D.
function DDD=DTMD({s,D,K,Alpha)

s To avold devide by zero when § 13 zero ,
& then the squation B(s) must be reformulated.
if 5 == 0
DDD = D"2/([2*Alpha}:
else
" DDD = D*ainh{D*sgrt(s/Alpha)}/(2*sqrt(s/Alpha) *Alpha);
end

Tsunsugess DTM.m

¥ Derlvative of Transfer function matrix of one layer slab.
function DMatrix=DTMis,D,K,Alpha)

DMatrix = [DTA(s,D,K,Alpha) DTB(s,D,K,Alpha): DTC{s,D,K,Alpha) DTD(s,D,K,ARlpha}]:

hhunsudes DIFFTM.m

% Derivative of Transfer functien matrix.
% Input “s" is Poles come from "Xresp.m",
function DMatrix=DIFFTM(s)

% Up-load the propertles of material from library "property.m"
propertyr % Number of layer is assigned in property.m

if layer == 1
DMatrix = DTM(s,Dl,K1,Alphal};
elseif layer mw= 2
OMatylix = DTM{s, D}, Kl ,Alphall*TMI(s, 02, K2, Alphal) .
+ ™{s,D1,K1,Alphal) *DTM{3,D2,K2,Alphal);



elnelf layar == 3
% Differentiation of 3 layer slab. (The result is seam to be suitable.)
DMatxix = DTM(s,D1,K1l,Alphal)*TM(s,D2,K2,Alpha2) *TH (s, D3, K3,Aiphal) ...
+ TM(s,D1,Kl,Alphal) *DTM(s, D2,K2,Alphal) *TM{s5,D3.K3,ALphald) ...
+ TM{a,D1,K1,Alphal) *TM{s, D2,K2,Alpha2) *DTM{s,D3,K3,Alpha3);
elgelf layer == 4

DMatrix = DTM({e,Dl,Kl,Alphal}*TM{s,DZ,K2,Alpha2)} *TM(s,D3,K3,Alpha3) *TM(a,Dd, K4, Alphad) ...
+ TM{»,D1,Kl,Alphal) *DTM(s,D2,K2,Alpha2) *™{s,D3,K3,Aiphal3) *TH{s, D4, K4, Alphad) ..,
+ TM(s,Dl,K},Alphal)*TM(s,D2,K2,Alpha2)*DTM(s, D3, K3, Alphal) *TM(s, D4, K4, Alphad)
+ TM(e,D1,Kl,Alphal)*TM(s,D2,K2,Alpha2) *THis, D3, K3,Alphad) "DTM (s, D4, K4, Alphad) ;

elself layer == §
DMatrix = -

DTM(s,D1,K1,Alphal} *TM(s, D2, K2, Alpha2) *TM (s, D3, K3,Alphal} *TM(s, D4, K4, Alphad) *TM (s, D5, K5, Alpha5)

e

+
TM{a,Dl,K1,Alphal)*DTM(s, D2, K2,ALphaZ) *TM(s, D3, K3, Alphad) *TM (s, D4, K4, Alphad) *TM(s, D5,K5,Alphas}

(RN

L2

TM(s,D1,K1,Alphal) *TM(s,D2,K2,Alpha2) *DTM (s, D3, K3, Alphal} *TM{s, D4, K4, Alphad) *TM (s, D5, K5, Alphab)

+
T™(s,D1,K1,Alphal}*TM(s,D2,K2,Alpha2) *TM(s,D3,K3,Alpha3) *DTH (3, D4, K4 Alphad) *TM (s, D5, K5, Alphas)
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+
T™{s,D1, K1, Alphal)*TM(s, D2, X2, Alpha2) *TM (s, D3, K3, Alpha3) *TM (5, D4, K4,Alphad) *DTM (s, D5, K5,ALphas};

elyeif laysar == § \
BMatrix -

bT™(=, 01, K1,Alphal) *TM{s,D2,KZ,Alpha2) *TM (s, D3, K3, Alphal3] *TM(s, D4, K4, Alphad} *TM {5, D5, XS, AlphaS) * T

(s,D6,K6,Alphat) ...

+
TM(s,D1,K1,Alphal) *DTM{s, D2, K2,AlphaZ} *TM(s, D3, K3, Alphal) *TM (s, D4, K4, Alphad) *TM (s, D5, K5, Alphas) *TH

{s,06,Ké,Alphaé) ...
+

T™(s,D1,K1,Alphal) *TH{s,D2,K2, Alpha2) *DTM {5, D3, K3, Alphad} *TM {3, D4, K4, Alphad ) *T (s, D5, KS, Alphas) *T™

{s,D6,K6,Alphaé) ...
*

T™(s,D1,Kl,Alphal) *TM{s,D2,K2, Alpha2) *TM(s,D3,K3,Alpha3) *DTM s, Di.Kl.Mphlﬂ'T!f(u,DS.KS,AlphlS}‘TH

{8,D6,K6,A1phat) ...
+

TMis,D1,K1,Alphal)*TM(s,D2,K2,AlphaZ) *TM (s, D3, K3,Alpha3) *TM (s, D4, K4,Alphad ) *DTM (8, D5, K5, Alpha5) *TM

{2, D6,K6,ALlphaé) ...
+

TM({s,D1,K1,Alphal) *TM{s,D2,K2,AlphaZ) *TM{s, D3, K3,Alphal) *TM(s, D4, K4, Alphad) *TM (s, D5, K5, AlphaS} *DTM

{s,D6,K6,Alphaé) s
end % if Layer we= 1



MARUIN Q.

'3 | ] L] - 4’ o .l li 1 ar -' [*]
msmmummmwmmﬂmmdnuusmm1u%'aunnum‘nzwmnmnnnma

futunaden

AZ

3(sky)

3

d o o 4 vda o
e dnwuzmismndvestaunafeunouenvesmisiims iinsizd

] + 1 W o o -
mmmwmmm?aumunumu (HHINUSIN)

misdiinas uanihinsaseiadinissomarndeninmisiusadumnianio
feguusniinvesiulanilinszniedu 3 uoz 4 mrslaruiiduuioadidinmiad
annsznuUAge Ing e Suitmadaonuiinn (ﬁ'mmiam:ﬁa&ﬁmuqmnqﬁunmﬁq
Tuminsinn n.) Tasmszydnussnanomevsausnemisfidensieh 0.1 doufanadend
fonswadomsunnitaoudidnrmdountuenfuimafiimiasese Bun vfumuﬁn,
Suthule, sute une ot TnulAidondndagniugungi 3imismnony 2, 3 uoz 9
wiang 1 dumis ud2l¥mgomgligaldnngemarindiuigresedmivgungivemis
diduq daugampiinesitldiiniinsiviadau Noncontact portable thermometer Tag¥asn
quugineethluunaszduima 1 dumis unTamgamginethgetul i 45

- » (3 ] o 1 1 a J H
DA BTN 4 Auvs ndReR s msuanidsuiin it oundued Ino M auntsi



160

' . ™ 3 - - '
3.42 0% 343 M View factor Taorlszanmusesmisdmuie gruemedamsed 0.2 daumh
-l v - ' - -l o - to - o
mauanRsuidnmfoundunnsznivmidwihnsinnsifudaafongnurasds

-
ATINN 0.3

A L ’ . L3 4 & »
171 9.l ﬂﬂ'ﬂﬂl:1‘1Nﬂ‘lﬂﬂ'l“ilﬂiailﬂﬂﬁ’ﬂuﬂ'!UHOﬂ%OQNNQWW‘Jﬂ'ﬁﬂ’791ﬁ

MuaziBunuenly vanenaonte | #ufl (12) AL (f)
uniX | umuy | unuz
nﬁwﬁmnn\'nudﬁo}u 3unc4 1 30.30 - 5.77 5.25
ol 2 16.47 - 5.77 2.85
(Ve '3 87.80 6.69 - 13.12
TNOUONNA 4 161.51 6.69 24.14 -
Mulyla 5 34.86 - 12.20 2.85
Furhila 6 3637 | 2908 | 984 | 656
pid 4 7 4390 | 6.60 - 6.56
finadn 8 - - - -
FutuinIzwinedu 3 uae 4 9 3863 | 669 | 677 .

' J ] - 1
A1 9.2 A1 view factor Tnvrfszanmivesriadumien

View factor
F21 0.1532
F31 0.08835%
TR 0.009601
F51 0.057328
F61 0.04253
F71 0.002516
Fa1 0.177668
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AT 9.3 amsiennldoudsanudeussuinmisi hinssrtuiuraden

ool gamgiiRImia (°R) Qunginesfh °r) | q21 431 qal q51 961 q71 g1 | ¢ Total AR
Average 1| 3&7 |2&4&5) 6&9 Average 8 Buhr | Btwhr | Bawhr | Bumr | Buir | Budr | Buhr | Bwhr | Bubr { Bumbef

1:00 | 5418 | 5450 | 5430 | 5441 500.7 096 | 792 [ 059 | 076 { 113 | o11 |-33492| s02 | -31843 | -1051
2:00 | s411 | s444 | sa21 | sa3s 502.3 074 | 795 [ 045 | 058 | 114 | o1 [-31354] 506 | 29750 | -082
3:00 | 5405 | 5438 [ 5412 | 5428 501.4 056 | 811 | 034 | 044 | 112 | o012 {-317881 499 | -30221 | -997
400 | 5397 | 5431 | 5402 | 5419 496.7 034 | 814 | 021 [ 027 | 103 | 012 [-34474| 459 | -33006 | -10.89
500 | 5390 | s425 | s300 | 5410 497.8 002 | 835 | 001 | 002 | o098 | 012 |-33080]| 435 | -31695 | -1046
600 | 5385 |s420| 5383 | 5405 496.1 022 | 833 | 013 [ 017 | 093 | 012 [-338.16) 413 | -32517 | -10m3
700 | 5381 | 5416 | 5376 | 5399 4989 045 { 831 | 028 | -036 | 083 | 012 {-31504) 369 | -303.18 | -10.01
800 | 5383 | sa16 | 5316 | 5402 501.0 057 | 795 | 035 | 045 | 091 | on [|-301.06] 403 | 28041 | 955
9:00 | 5390 | 5420 5383 | 5411 493.1 052 | 740 | -032 | 041 | 106 | o011 |-36274| 469 | 35074 | -1158
1000 { 5406 | 5428 | s401 | 5423 503.4 046 | 521 | 028 | 036 | 079 | 007 |-30490| 352 { -29640 | -978
1:00 | 5417 | 5439 | sars | 5434 505.4 008 | 543 | 005 | 006 | 083 | 008 |-29978) 370 | 28955 | 956
1200 | 5427 | 5451 | 35441 | s446 508.2 107 |-577 | 066 | 084 | 09 | 008 |-28809( 400 | 27477 | 907
13:00 | 5443 | 5466 | s47.1 | 5449 5230 226 | 569 | 139 | 179 1.029 | 008 [-186.11 127 | -17334 | -572
14:00 | 5459 {5485 ss12 | sa87 5115 439 | 657 | 270 | 348 | 141 | 009 [-29237| 626 | 26748 | -8s3
1500 | 5473 | 5514 | ssa2 | 5521 527.0 574 | 1036 3.5; 455 | 243 ) 015 |-18145] 1077 | -14394 | -a7s
16:00 § 550.6 | 5549 | 5566 | 554.6 510.8 506 | 11,07 | 311 | 400 | 205 | o046 |-34287| 910 | -30831 [ -10.8
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(v RUNGLAINTE (°R) gungiiesfh °r) | q21 @31 g4l gs! q61 q71 |- q81 91 Total AR
Average 1| 3&7 |2&4&5) 6&9 Average 8 Btwhr | Btuhr | Buhr | Bwhr | Buhr | Bumr | Bubr | Bubr | Bwhr | Buvhes®
1700 | 5498 | 5525 | 5569 | 5520 506.4 603 | 691 | 371 | 478 | 113 | 010 |-36740| 502 | 33068 | -n12n
18:00 5473 549.3 554.3 549.6 508.6 5.81 489 3.57 4.60 1.13 0.07 -328.17 5.01 -303.10 -10.00
19:00 546.0 548.0 551.7 548.3 508.2 4.69 4.92 2.88 371 1.13 0.07 -31R.45 5.03 -296.02 .77
20.00 545.0 547.2 549 4 5474 5183 156 5.34 2.18 2.82 1.17 0.08 -231.03 517 =210.72 -6.95
21:00 544.2 546.7 547.6 546.6 5104 2.73 6.13 !.68 2.17 1.17 0.09 ~285.30 520 -266.12 -8.78
2200 | 5435 | 5463 | 5460 | s46.0 5133 197 | 680 | 121-} 156 | 121 | o010 |-25687| 535 | -23868 | -7.88
23.00 543.0 546.0 545.1 5454 513.3 1.64 7.28 1.01 1.30 1.15 0.10 -252.26 511 234,67 -1.74
24:00 5423 5454 544.0 544 8 5028 1.31 1.51 0.80 1.03 1.20 0.11 -324.51 531 -307.24 -10.14

91



MANUIN A,

| . TR .y N
MINMEAIMTN)ISTnE Conduction transfer function SUAYT k YOWITIRITTR

Tsdsznning

n v o v ada ¥
mIRf a1 qumiiAnenandeuvesiagfiifisznoumiai 19 W lualszmaing

Yan wn L P k ~Cp R
Hoformmmiouen - vl 00 00 00 00 033
8y % uwu 21 0.197 109.9 0466 022 0.71
8y 1 (HY 2 0459 1099 0466 022 0.71

AOUNIAMUI 10cm. 23 0333 1498 0833 02 039
Yuwminiio 4 0082 979 0308 026 026
fiubsumnzem. 25 0066 1673 1617 0198 0.04
nizdloamnsmm. 36 0016 1179 0483 0186 003
Aofommelu W2 00 00 00 00 069

L = thickness, ft  p=density, /3 k= thermal conductivity, Btu/(hr-fi-°F)
Cp = specific heat, Btu/(1b-°F) R = thermal resistance, °F-ft-hr/Btu
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iy siinvoanly . m=2 Jous e s M=
i (Funongadefituge)
Honafmione )
I nounin l0cm. anuu X,  L772IS49 -22202025 0.5573565  -0.0195796  -0.0000066
LIRTRETE )] Yym -02173296 04814370 -02164116  0.0331421 - 0.0001152
Zom 10424831 -1.1576749 0.1919643 00040170 - 0.0000669
Fp 09723321  -0.304839  0.0006075
2 poundn I0em WM X, m 20454468 -2.9802513 10736075 -0.0718878 0.0001745 0.0000003
uneniaofiuden um  0.0006258 0.0198733 0.0315953 0.0058784 . 0.0001165 0.0000003
(15K 0D UMW) Z. 10516959 13838375 . 04181154 -0.0281394 0.0002551 0.0000005
Fm 11523312 02799315 00121921
3 by % w LYY Xym 20374037 -2.6921217 07771574 -0.0256980 0.0000359
wimihiaoiudon  r,n 00028275 00463336 00436432 0.0039530 0.0000197
(M1 MU UuW)  Z,, 1038545 ~1.2334493 0303193 -0.0115489 0.0000373
_ Fm 09850858 -0.1835865 0.0034865
4 By 1 uAv annu Xym 20374070 37704358 21092607  -0.3651668 00130653  -0.0000334
upamihdroiugou Yom 00000158 0.0027159 0.0125968 0.0079287 0.0008264 0.0000129
M115sM2UW)  Z,,, 10385558 -1,7829361 09072959  -0.1444369 0.0056489  -0.0000306
_ Fm 15144152 -0.6571484 00825655  ~0.0019701
5 nouninlocm. o X, 16881630 -2.2062862 0.6173248 -0.0302318 0.0001186 0.0000000
uailaonantios Yum 00013630 0.0299184 0.0339326 0.0038413 0.0000330 0,0000000
11613 MW) 2, L0516959  -1.2640672 02912038 -0.0097767 0.0000327 £.0000000
Fm 10365003 -0.1761461 00025420
6 By A uim annjy Xom 1.6626553 -1.9676143 0.4330339 -0,0108718 0.0000139
uhmibdonandles Y,m  0.0057866 0.0662649 0.0430417 0.0021203 0.0000033
126491 MN2)  Z, 10385398 -1.1086972 01905354  -0.0031644 0.0000035
~ F 08645271 -0.4005019 0.0004990
7 By 1 usiu awyu Xym 1662675 -2.8258613 1.3700482 -0.1809728 0.0036204 0,0000250
udantdaonszidng Yom 00000399 0.0046170 0.0164746 0.0077833 0.0006078 0.0000119
(1161421 z,, 10385511 -1.6452011 0.7112687  -0.0760221 0.0009317 0.0000065
Fm 13949775 -0.5134568 0.0440102 |
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L) vilnvoanla et 2 e s s -y
f chuongadedulugn
TiRerswifnionm
8 aounin l0cm. AWM X,  3.5023178 -3.8512737 0.8002285 -0.0215650  -0.0000015
(W3 W) Yom  0.0328493 02770211 0.1172895 0.0025444 0.000001 5
Zym 35023178 38512737 08002285 00215650  -0.000001S
‘ Fm 06285123  -0.0289684
9 mounin 10cm. AU Xom 20374037 26921217 07171574 -0.0256980 0.0000359
unmthioiivéen - Y, 0.0220021 0.2375995 0.1248164 0.0038997 0.0000045
(1543 W) L 35023173 39511956 08633163 00261125  -0.0000029
Fm 06571726  -0034728
10 8y % whu oy Xym 49644235 -5.4448205 1.1025665 -0.0109670 -0.0000001
unondhfoivion Y, 00817908 0.4270994 0.1015506 - 0.0007614 0.0000000
(15 %1 M) Zw 32673430 30919546 04392405 -0.0034265  -0.0000000
‘ Fm 03966080  -0.0050681
1 g 1wy annju X,m 33306186 -3,1731396 0.4670065 -0.0034771 +0.0000000
udemfikrediuden Y,  0.0008153 0.0455010 0.0870763 0.0182156 00003899 0.0000009
(15 U 12 M) Zym 32677458 -4.829964] 19035191 0.1922166 00029141 0.0000007
Fm 05303630 -0.1709651 0.0040053
12 AOUNTA 10 em. RWNM X, p 35071482 -4,0040595 09211320 -0.0291881 00000031
whowifooneles ¥, 00264083 02485228 0117023 00030730  0.0000027
(36 %3 M) Zym 35023173 -3.9332299 08510467  -00251022  -0.0000024
Fm 0.6519537 00334518 '
13 oy % wiu Ry Xym 33306186 -3.1731396 0.4670065 -0,0034771 +0.0000000
whidoonazides ¥, a 00949662 04350272 0.0904925 0.0005223 0.0000000
(26 2411 M) Zow 32673425 -3.071569% 04283037  -0.0030678  -0.0000000
Fm 03904583 -0.0045842
14 By 1 usiv anifu Xym = 3.3308478 -4.9478269 1.9718051 02034940 | 0.0030856 0.0000006
uhanihéomszides Yum 00010635 0.0497602 0.0868429 0.0164455 0.0003054 0.0000006
(26 74 12 14) Z,m 32677458 -4.8104325 18815841 +0.1872226 0.0027429 0.0000006
Fm 08242508 -0.1673990 0.0037727
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5uq3i"u Frre 4 u Ftn s $u
gomgEfdiudeulvveuua (7).
I T Auen T dven Solar - air temperature DOE 2.1E
Tl {TAluele| THes [Tesmdv] THes | T4 pURAY 75 OF
rwilia| 81°%F | swdilus | 75.8%F [awdali fold h, & AR 97
N1INANGI | ASHRAE
1:00 3.88 2.35 5.56 4.75 4.74 3.91 4.02 3.61
2:00 . 3.45 1.80 5.23 4.43 4.40 3.49 3.69 3.27
3:00 3.43 1.27 4,16 4.10 3.31 317 3.42 2,94
4:.00 325 Q.75 2.95 3.78 2.00 2.80 3.08 2.61
5:00 2.72 0.21 2.81 3.44 1.68 2,36 2,70 2.27
6:00 2.69 -0.34 3.38 - 3.11 217 1.92 2.28 1.83
7:.00 2.20 -0.85 3.66 2,77 247 1.54 1.95 1.58
8:00 1.29 -1.30 2.95 2.45 1.28 0.70 1.22 1.27
9:00 0.27 -1.59 2.85 2.18 1.46 0.75 1.18 1.01
10,00 -0.70 -1.81 1.16 2.04 -0.26 0.59 1.00 0.87
11:00 -0.92 -1.33 2.12 ‘202 0.90 0.86 - 1.20 0.89
12:00 -D.73 -0.76 3.66 2.15 2.63 1.12 1.47 1.10
13:00 -0.23 0.05 2.91 2.43 1.84 1.28 1.50 1.46
14:00 -0.50 - 1.05 3.14 2.85 2,32 2.03 232 1.99
15:00 0.40 .2.18 3.48 3.37 3.62 3.54 3.47 2.70
16:00 | -0.56 342 3.41 3.99 4,09 4.73 4.45 3.67
17:00 -1.85 5.05 3.63 a4.77 7.23 8.48 7.42 465
18:00 0.57 6.27 4,95 5.56 7.15 7.89 7.14 542
19:00 3.13 6.37 5.14 6.00 6.54 7.50 6.91 5.66
20:00 5.04 5.79 5.53 6.07 5.99 6.62 6.24 5.49
21:.00 5.54 5.01 5.72 5.93 5.91 6.16 5.86 5.14
22:00 5,39 4.24 6.17 5.68 5.88 5.39 526 4.73
23:00 4.34 3.55 5.40 5.38 4.96 4,89 4,86 4,34
24:00 482 2.93 4,67 5,07 4.1 448 ‘4,47 3.97
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