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Project Summary
Location and Weather
Project Project Name
Address ## Street City, State Zip
Calculation Time Sunday, June 8, 2018 8:52 PM
Report Type Standard
Latitude 35.73°
Longitude 5122
Summer Dry Bulb 38°C
Summer Wet Bulb 23
Winter Dry Bulb -3
Mean Daily Range 11°C
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Building Summary

Inputs

Building Type Museum
Area (m*) 5,854
Volume [m*®) 22,18477
Calculated Results

Peak Cocling Total Load (W) 374,547
Peak Cooling Month and Hour July 3:00 PM
Peak Cooling Sensible Load (W) 282,581
Peak Cooling Latent Load (W) 91,966
Maximum Cooling Capacity [W) 374,547
Peak Cooling Airflow (Lfs) 17,4208
Feak Heating Load (W) 73,765
Peak Heating Airflow (L/s) 6,083.3
Checksums

Cooling Load Density (W/m?) 63.98
Cooling Flow Density (L/{s-m3}) 298
Cooling Flow / Load [Lf{s-kW)) 46.51
Cooling Area / Load [m3/kW) 15.63
Heating Load Density (W/m?) 12 60
Heating Flow Density (L/{s-m?)) 1.04
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Basa Run Air Equipment Note: this information should nol be used for SiZing purposes
() Variable Air Volume  Supply Fan Flow 3.273 LPerSac
Annual Supply Fan Run Time 8,760 Hours

Gooling Capacily -468,848

Heating Capacity 468,909

(D) Variable AlrVolume  Supply Fan Flow 3,046 LPersec
Annual Supply Fan Run Time 8.760 Hours

Cooling Capacity -410,237

Heating Capacity 410,205

@ Variable Air Volume Supply Fan Flow 1.867 LPerSac
Annual Supply Fan Run Time 8,760 Hours

Cooling Capacily 351,648

Heating Capacity 351,682

(@) Veriable Alr Volume  Supply Fan Flow 1,919 LPerSec
Annual Supply Fan Run Tima 8,760 Hours

Cooling Capacity 556,792

Heating Capacity 556,829

(i) Variable Air Volume  Supply Fan Flow 184 LPerSec
Annual Supply Fan Run Time 8,760 Hours

Cooling Capacity 351,678

Healing Gapacily 351,682

(D) Variable AirVolume  Supply Fan Flow 463 LPerSec
Annual Supply Fan Run Tima 2,760 Hours

Cooling Capacity -410,286

Heating Capacity 410,205

(i) Variable Air Volume  Supply Fan Flow 24 LPersec
Annual Supply Fan Run Time 8,760 Hours

Cooling Capacity 58,613

Heating Gapacity 58,614

(I) Variable Air Volume  Supply Fan Flow 1.250 LPerSac
Annual Supply Fan Run Time 8,760 Hours

Coaling Capacity 293,044

Heating Capacity 293,068
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Components ol Feating
Loads (W) Percentage of Total Loads (W) Percentage of Total

wall 19,504 5.21% 41,068 55.67%

Window 25,026 5.68% 31,651 2291%

Door 465 0.12% 1,046 1.42%

Roof ] 0.00% o 0.00%

Skylight 0 0.00% (1] 0.00%

Partition 0 0.00% '] 0.00%

Infiftration 0 0.00% o 0.00%

Ventilation 0 0.00% (1] 0.00%

Lighting 54,316 14.48%

Power 78,859 2L.05%

People 190,500 50.86%

Plenum 0 0.00%

Fan Heat 5577 160%

Reheat 0 0.00%

Total 374,547 100% 73,765 100%
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Cooling Degree Day Healing Degree Day
Threshold Value Threshold Value
183 °C 1110 183 °C 2047
21.1°C 657 156 °C 1577
239°C 316 12.8 °C 1172
267 °C 104 10 °C 807

Annual Design Conditions

Cooling Heating
Threshold Dry Bulb(*C) MCWB("C) Dry Bulb(*C) MCWB(C)
0.1 % 392 181 -10.4 -11.3
0.2 % 3ss 179 -9.8 -11.0
0.4 % 384 179 -9.2 -10.4
0.5 % 382 i8.0 -8.8 -9.8
1% 373 17.3 7.6 -8.9
2% 36.4 16.9 -4.8 -6.5
25% 36.0 16.7 -3.9 =0
5% 341 158 -1.9 =0

253390 maldl 55 Callas (sylos Layl i (B-F) J<s

Exterior Use -

Refrigeration e —1

HeatPump Supplemental = _ . Lights
Went Fans 7
Pumps and Auxiliaries =

Hesat Rejection

Space Cooling Task Lights

Y

Spaca Heating

Miscellanegus Equipment
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[ | Lights I source - Equipment Occupants
Window Solar Window Conduction Infiltration

Underground Surface Conduction
I Roof Conduction

Interior Surface Conduction

B wall Conduction
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Annual Electric End Use

53.2%

W HwaC 55.2%
W Other 23.4%
M Lights 23.4%
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18.82 18.28

12.24 [ 205+

18.58 18.73

12.52 2285
Annual
17.85 - 12.82

12.27 [ 21+
15,0 | -o.1c
15.57 [ 2: 0

12.5 15 17.5 20 225 25 275
oof Construction - Wall Construction - Infiltration - Building Orientation (USD / m* / yr)

. Plug Load Efficiency - Buildin I Lighting Efficiency - Building
Window Glass - Building ﬁ Lighting Controls - Building

Roof Construction - Building Wall Construction - Building
B infiltration - Building Building Orientation - Building
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Lighting Factor (Sample Factor Widget)

21

USDIm? fwr

20

19

18

17

16

15
1.3 1.1 0.4 0.7 03 0.3
Wisf Wisf Wilsf Wi Wisf Wisf
Run or Group
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Building Orientation Factor (Sample Factor Widget) i PHE 4

19.4

19.3

USD im? [y

19.2

19.1
19

15.9

15.8

270 &0 300 S0 225 135 330 30 150 o

Run or Group
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Infiltration Factor (Sample Factor Widget) i HEE
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20
19.5
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18.5
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ACH ACH ACH ACH ACH ACH

Run or Group
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Window Glass Factor (Sample Factor Widget) o THES 4

22

USD fm? Iy

21

20

Sqgl Sgl Ozl Dbl Dbl Dbl CQuad Trp CGuad Trp
Clr Cir Clr LoE Cir LoE LoE LoE LaoE LoE
oL oL oL oL DL

Run or Group
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Roof Construction Factor (Sample Factor Widget)

24

23

USDdim? o

22
21
20
19

18
Uninsulated R1% R38 R&0

framed framed over
R10 R20 R33

over over over
Run or Group
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Lin

Inner wall temperature, T (°C)
Liquide fraction, f

ol b b Lo Lo by e o

L 2 2 : 1 P
180 192 204 216 228
Time, (hr)
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20~

Inner wall temperature, T
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180 192 204 216 228
Time, (hr)
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surface 2 in zone 2
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=100 0 100 200 200
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(d‘g‘ CJ\?AC)“’ Y.fom/s C8 pw ‘hg‘f:' )JJ}GJS'W Ll ‘5\.«3: @L‘Iﬁ s— ¥ d‘g.'\.?

t (min) ETEC | 250¢0 | 2T06 | £T060 | 5-T¢0 | 000
0 20 22 21 20 19.2 18.7
5 41.1 42 438 454 463 479
10 47.7 48.6 50.5 523 532 54.4
15 52.8 53.7 55.6 57.4 58.3 59.5
20 552 56.1 58 59.8 60.7 61.9
25 56 56.8 58.9 60.3 61.5 62.7
30 57.8 58.5 60.6 62 63.2 64.4
35 58 58.6 60.7 623 63.3 64.8
40 58.1 589 60.8 62.4 63.6 65
45 59 59.7 615 63.1 64.3 65.8
50 60.3 60.9 62.7 643 65.6 67
55 61.8 62.2 64 65.7 66.8 68.4
60 64.1 64.9 66.1 678 69 70.5

(Ush I ¢ Dy FO Y/O S 2ot s Jasl 5 )35 90 3 domis bUS (glos gulis V- ¥ g

t (min) -TCE | 2TE0 | 3T¢0 | 4-TE6 | TR | &TCO
0 195 18.7 19.4 19 18.7 18.7
5 39.1 40.9 423 44.1 45.6 458
10 472 49 50.4 519 53.5 539
15 513 533 54.5 56 574 58
20 54.6 56.4 575 59.1 60.9 613
25 55.7 576 587 60.1 62 62.4
30 56.6 58.5 59.5 61 62.7 63.3
35 591 58.9 59.8 61.4 632 63.8
40 572 59 60 61.5 63.3 63.9
45 574 59.2 60.1 61.8 63.5 64.1
50 58.1 59.9 61 62.6 64.3 64.8
55 595 61.4 62.6 63.8 65.5 66.2
60 63 643 65.7 66.9 68.5 69.5
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(Jgl Il ¢ SI5F0 ¥ M/S Cs s Loyl 15 )5 950 5 domie B sbes WA= o

t (min) LETEG | 22700 | 32TE6 | £2TE0) | 2TCO | &T(ED
0 20.2 20 18.7 19.7 19 18.7
5 37.8 38.4 39.7 40.9 41.3 42.9
10 46.7 473 48.6 49.8 50.2 51.8
15 51 52.5 54 55.4 55.5 57
20 52.2 53.8 553 56.8 57 58.4
25 54 55.6 57 58.5 59 60.2
30 55.3 57 58.5 60 60.4 61.8
35 56.6 58.3 59.7 61.2 61.8 63
40 56.8 58.4 59.8 61.3 62 63.2
45 57 58.6 60.1 61.6 62.2 63.5
50 58.1 59.5 61 62.7 63.2 64.6
55 59.4 61 62.4 64 64.8 66.1
60 61.1 62.7 64.1 65.6 66.6 67.8

(c;é S« SIF0 Y M/S sy Jasl L )a g 90 5 amie LG gbes @L‘S - ¥ Jod

t (min) -T00 | 22T | 32T | 2T | 5T | T
0 21.9 22.1 237 23.1 229 23.6
5 41.8 42.7 43.9 43.4 443 46.9
10 46.9 50.6 51.9 52.5 53.2 54.4
15 58.5 59.2 60.1 61.7 62.3 62.8
20 62.3 63.1 64.8 65.9 66.4 66.6
25 67.1 68.1 68.7 69.4 70.2 70.9
30 69.4 70.2 70.6 70.4 71.1 71.6
35 70.1 70.7 71 71 71.8 72.6
40 70.8 70.2 71.3 TS 722 72.8
45 71.2 72.4 T 722 73 73.8
50 71.8 72.8 73.1 74.2 74.9 752
55 74.1 75.2 75.9 76.3 77 77.9
60 76.9 77.6 783 78.8 79.8 80.5

\A
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(f-’: d\?sﬁabfo . Y/oms S pw Jaa_l,ﬁ: ):jijb& ‘_;ch c:\:; Voo ¥ J‘gb

t(min) | 1-T(°C) | 2-T(C) | 3-T(C) | 4-T(C) | 5-T(C) | 6-T(°C)
0 196 22.7 20.9 19.9 18.9 215
5 39.1 41.9 423 44.1 427 432
10 4822 49.9 51.9 52.9 53.6 53.9
15 57.1 58.7 59.4 59.9 60.8 61.8
20 61.1 62.8 63.9 64.6 65.1 653
25 66.1 67.6 68.4 68.5 69.1 69.9
30 69.1 70.2 70.5 71 70.9 71.2
35 69.9 70.8 713 71.6 713 71.8
40 70.4 71.4 71.8 72.7 71.9 72.6
45 70.9 ) 725 73.1 72.9 73.4
50 714 727 7322 74.2 74.9 752
55 735 73.9 75.4 76.1 77.8 78.1
60 76.4 il 77.9 784 79.2 80.1

(f}: Sl ¢ SIF0 ¥M/S Co s Lasl s )35 90 5 aomier LG les @L‘S— A=Y Jgas

t(min) | 1-T(C) | 2-T(C) | 3-T(°C) | 4-T(°C) | 5-T(C) | 6-T(°C)
0 225 227 23.1 222 213 20.5
5 425 428 425 41.9 426 429
10 51.1 51.5 53.1 52.4 52.1 53.2
15 554 57 58.7 59.8 60.1 61.1
20 60.1 61.2 63.5 64.3 65.7 64.8
25 64.5 65.2 67 67.8 69.3 69.6
30 66.1 66.9 683 69.2 70.6 70.9
35 66.6 67.4 68.8 69.7 70.9 713
40 67.1 68 69.4 70.1 71.2 723
45 67.9 68.8 70.1 70.9 71.8 73.9
50 70.4 11 724 73.1 73.6 75.6
55 G 7% 73.1 744 75 77 7722
60 74.6 75.5 76.9 775 78.4 79.4
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(r}w CJB‘Qb’fO Y m/s O pw Jaa_l,.i’: ):,ij.bw ‘_;\.u @L‘S\Y-?J}A.?

t (min) 1°T96 | 2-T(%) | 3-TCG | 7T | 5T | T
0 20.9 222 21 23.4 22.6 21.7
5 41.1 42 438 45.4 443 432
10 47.7 48.6 50.5 52.3 53.2 54.4
15 57.1 58.2 61.4 62.7 61.8 62.6
20 61.7 63.8 64.2 66.9 68.2 68.9
25 66.7 68.5 68.9 70.1 72 71.6
30 69.5 71.4 71.7 73.4 74.7 73.9
35 70.1 71.7 73.1 74.5 75.1 74.9
40 71.3 72.4 74 74.8 76 75.7
45 72 72.8 74.3 75 76.5 76.5
50 72.5 73 74.5 75.8 76.8 77.2
55 728 73.6 75 76.1 77.2 778
60 72.9 73.9 75.1 76.2 7712 78.3

(C}w Il Ol F0 CYOMS Copu Jayl i )39 50 5 aziee LG sles =¥ Jous

t@min) | 12TCO | 2270 | 3=TCO | TR | 5T | 6&TCO
0 232 24.7 22.9 24.6 22.7 23.6
5 41.6 44.9 423 43.1 42.6 40.1
10 472 49 488 51.9 53.5 52.9
15 52.6 55.6 54.9 56 574 60.5
20 582 60.8 60.3 62.1 63.2 66.4
25 63.1 62.7 64.2 67 66.8 70.7
30 66.8 65.6 66.2 68.4 70.1 25
35 68.4 69.7 69.5 70.1 71.6 73.8
40 68.7 71 71.1 2.7 73.1 74.9
45 69.6 71.5 72 73.6 74.2 75.5
50 70 71.7 72.6 74.1 74.8 76.1
55 70.5 722 732 742 75.1 76.5
60 70.8 722 73.6 74.4 75.3 76.8

\ig
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(f}w I ‘Qbfo X m/s S ‘hg‘f:" )b}ij.\abw ‘5L°: @L‘.’J \f- ¥ J}J.?

t (min) PR | 22T | 3-TCE | TCC | 52T | T3¢0
0 20.9 222 21 234 22.6 21.7
5 41.1 42 43.8 454 443 43.2
10 47.7 48.6 50.5 52.3 53.2 54.4
15 571 58.2 61.4 62.7 61.8 62.6
20 61.7 63.8 64.2 66.9 68.2 68.9
25 66.7 68.5 68.9 70.1 72 71.6
30 69.5 71.4 T 73.4 74.7 73.9
35 70.1 71.7 73.1 74.5 75.1 74.9
40 71.3 724 74 74.8 76 75.7
45 72 72.8 743 75 76.5 76.5
50 725 73 74.5 758 76.8 D
55 72.8 73.6 75 76.1 772 77.8
60 72.9 73.9 75.1 76.2 ) TR

(poler A« SAS¥O YIS o Ll 13 )35 90 5 amioor DG slos s 10— ¥yt

t (min) 1-T(6) | 2T | 3-T(C] | 22¢Q | 5-B(C | -0
0 20.6 22.7 218 20.1 22.6 23.1
5 41.1 42 43.8 24 453 453
10 50.8 50.9 51.6 523 54.2 55.6
15 59.6 60.9 61.5 62.2 63.2 64
20 66.2 66.9 67.4 68.1 68.1 69.5
25 752 75.1 75.8 76.5 172 77.9
30 77.9 78.6 79.6 80.9 81.2 81.9
35 83.6 83.8 84.1 84.7 85.2 84.6
40 85.4 85.5 86.4 87.1 87.4 86.2
45 86.2 86.6 87.2 87.5 88 87.2
50 86.8 87.2 87.7 88:1 88.4 88
55 87 87.5 87.9 88.4 88.7 88.6
60 87.2 87.7 88.1 88.5 88.8 89.2

\A4
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(f)l-ﬁ CJ\?AC)‘}?O . Y/oms C..FJ.«I ‘kg_‘rg-" ):3‘,»;4;:&.\41:\23 ‘5L°J @w \p- ¥ J}J-?

t (min) 1-TEE) | 22T(6 | 3-T(6) | 2-Z2(60 | 5-F(C | -T(O
0 20.6 22.7 21.8 20.1 22.6 23.1
5 41.1 42 43.8 24 453 453
10 50.8 50.9 51.6 523 54.2 55.6
15 59.6 60.9 61.5 62.2 63.2 64
20 66.2 66.9 67.4 68.1 68.1 69.5
25 752 75.1 758 76.5 772 77.9
30 77.9 78.6 79.6 80.9 81.2 81.9
35 83.6 83.8 84.1 84.7 852 84.6
40 85.4 85.5 86.4 87.1 87.4 86.2
45 86.2 86.6 872 87.5 88 87.2
50 86.8 87.2 8.7 88.1 88.4 88
55 87 87.5 87.9 88.4 88.7 88.6
60 872 87.7 88.1 88.5 88.8 89.2

(C)Lé—‘f' al-"'aﬁ)bfo A"m/S CL.G}«: -kg"f:t )ajy;csé..o.b&' ‘SLGA @‘53 \V-¥ JJJ—‘—T

t (min) =T | T | 3-T00 | T | &Tr0 | &T00
0 22.5 21.9 22.6 23.2 22.2 21.9
5 38.8 39.9 40.1 40.9 41.3 42.9
10 46.9 473 488 49.9 50.6 51.8
15 58.9 59.8 60.1 60.6 61.1 60.9
20 65.1 65.4 66.8 66.6 67.1 66.9
25 732 73.6 74.1 73.9 74.6 75.1
30 78.1 78.4 78.6 78.9 79.5 80.1
35 82.5 82.8 82.5 82.8 83.2 83.1
40 83.2 83.1 84.2 84.5 84.6 84.2
45 83.6 83.5 84.5 85 85.3 85.4
50 83.9 84 84.8 85.3 85.6 85.8
55 84.3 84.4 85 85.5 86 86.2
60 84.4 84.6 85.3 957 86.2 86.5

YA
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(Ul S« A Y US o s Jasl 13 )35 90 53 amio Bl (slos gl VA= ¥ g

t (min) T | BT | 3-TE0 | 4TEE | 5-TEE | 5-T¢6
0 21.4 21.8 23.6 22:2 213 22.1
5 57.9 58.2 59 59.4 60 60.8
10 68.4 69 69.7 70.1 70.6 711
15 75.1 75.7 76.4 76.7 77 77.9
20 80.8 81.4 81.9 82.4 83.1 83.7
25 84.4 85 85.8 86 86.6 872
30 86.8 87.2 88.9 88.1 88.5 89.2
35 88.2 88.9 89.4 89.7 90.1 90.8
40 89.1 89.6 90.1 90.6 90.8 91.5
45 89.9 90.2 90.8 91.1 91.6 92.1
50 90.9 91.3 91.7 91.9 92.4 93.1
55 92 92.6 933 935 94 94.7
60 93.8 94.5 95.6 96 96.3 96.6

(Jol S ¢ Dl (Y/OMS oo dasl 15 )5 9 90 5 aonir bl glos V=¥ Jous

t(min) | 1-T(C) | 2-T(°C) | 3-T(C) | 4-T(°C) | 5-T(°C) | 6-T (°C)

0 21.6 224 23.9 22 21.8 22.6
5 52.6 54.2 53.9 54.6 55.6 56

10 63.4 64 64.4 63.9 65 65.5
15 70.2 71.3 71.1 715 72.1 73.1
20 75.9 77.6 783 784 78.9 79.8
25 81.1 81.9 82.4 83.1 83.7 84.6
30 84.1 884.8 853 86.1 86.9 87.8
35 85.6 86.1 86.9 87.9 88.8 893
40 87.2 87.9 88.4 89.4 89.4 90.6
45 88.3 88.4 88.8 90.2 90 91.1
50 88.7 89.3 89.9 90.9 91.2 92

55 89.9 90.9 91.3 92.6 928 93.4
60 91.6 92.7 93.8 94.1 94.6 95.6

va
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t (min) T | 2T00 | T8 | 2T00 | £T0CD | &T¢0
0 21.4 21.8 22 22 21.6 224
5 49.1 49.7 50.6 51.1 523 53.4
10 57.8 58.5 59.8 60.7 61.2 62.3
15 65.1 66.2 67 67.7 68.6 69.8
20 2.7 73.3 74 74.5 75.4 76.6
25 78.1 78.8 79.9 80.7 81.6 82.4
30 80.8 81.6 82.9 83.3 84.4 85.9
35 82.5 83.9 84.8 85.6 86.4 87.6
40 83.8 84.6 85.9 86.8 87.7 88.6
45 84.6 85.8 86.6 87.8 88.9 89.7
50 85.7 86.5 87.6 88.7 89.6 90.4
55 87.9 88.7 89.8 90.9 91.7 92.8
60 89.6 90.9 91.8 92.6 93.8 94.6

(s> >« lsAr IM/S Cs o Jasl 5 )3 990 5 amir b gbes G AARRNITEE

t@min) | 1-T(C) | 2-T(°C) | 3-T(°C) | 4-T(°C) | 5-T(°C) | 6-T (°C)

0 224 21.8 21.6 232 233 731
5 61.6 62.3 64.1 64.9 64.8 65.8
10 71.6 724 74.9 76.1 75.9 76.7
15 85.5 86.8 86.6 87.4 87.2 ]
20 87.7 88.8 89.9 91.4 91.1 91.9
25 925 92.2 925 94.8 945 95.2
30 95.7 95.6 953 97.4 975 98
35 96.3 96.1 96.5 98.6 98.8 99.8
40 96.7 973 97.4 99.5 100.4 100.5
45 97.2 97.6 97.9 100.2 100.8 101
50 98.6 983 98.4 100.8 101.5 102.1
55 99.6 100.4 100.1 1026 103.1 103.6
60 101.2 102.6 103.9 104.6 105.3 105.9
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(f‘g.\ dl’g&)b*' . Y/oms S .kg‘ffl» )b}ijlﬁaa ‘5\»: @L‘b Yy- ¥ J‘gb

t (min) 1=TEC) | 2:TC0) | 3-TCE | -TEC) | 5=TCC | 6T(C)
0 21.6 224 21.9 223 21.9 223
5 65.6 66.3 65.5 65.1 64.2 64.5
10 75.5 752 74.8 75.5 76.1 75.5
15 80.8 81.9 82.4 83.6 84.1 83.1
20 84.9 86.9 87.6 88.4 88.9 89.6
25 90.7 91.9 91.3 92.9 93.8 94.4
30 92.6 95.6 95.7 96.5 97.5 97.8
35 93.1 95.8 96.1 97.2 98.6 99.1
40 93.7 96.5 96.8 98.5 99.9 100.2
45 94.4 97.1 97.4 99.1 100.4 100.7
50 94.6 97.4 98.1 99.8 100.8 101.5
55 97.5 99.9 100.2 101.5 102.5 103
60 100.8 102.1 103.1 103.9 104.7 105.1

((’3° S Sl XYM s dal 15 )5 g g0 5 amie LB glas W Y- ¥ Jous

0 22.6 23.6 224 23:1 2355 224
5 62.1 62.4 62.1 62.5 62.3 61.9
10 72.9 135 131 72.9 73.6 73.4
15 82.1 82.8 82.5 83.9 83.6 84.6
20 88.4 88.5 88.6 89.1 89.4 89.7
2 92.6 93.1 92.9 93.5 93.1 93.3
30 94.8 94.6 94.9 954 96 96.7
35 95.2 95.1 95 96.1 96.4 97.3
40 95.4 95.6 96.1 96.4 96.6 97.8
45 95.9 97.4 98.1 98.6 98.8 99.1
50 96.4 97.8 98.3 99.1 99.5 100
55 98.8 99.1 99.4 100.3 101.1 102.6
60 100.2 101 101.7 102.5 103.6 104.4

AN
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(powr Sl ¢ SISA YIS o o Jaal 5 )35 90 5 amior Bl (glos ulss Y- ¥ g

t (min) LTy | 22200 | 3570 | ATP6 | 3-T(6 | 6T{H)
0 22.8 21.4 23.7 218 22.9 24.1
5 61.6 60.8 62.3 60.6 63.6 64.5
10 7.9 71.8 70.6 71.6 72.1 73.1
15 77.4 78.5 80.9 81.6 81.4 81.9
20 82.6 83.1 84.5 84.9 85.9 85.7
25 85.1 86.4 88.8 89.9 91.5 92.1
30 92.4 93.1 94.3 94.1 95.6 96.5
35 96.1 97.1 97.8 97.7 98.5 99.1
40 96.4 97.4 98.1 98.6 99.4 99.9
45 96.8 97.4 98.3 99.1 99.6 100.6
50 97.1 97.5 98.6 99.4 100.1 100.9
55 97.3 97.8 98.8 99.5 100.4 101.2
60 97.4 98.1 98.8 99.7 100.5 101.4

(pow I« DA CY/OMS s sl 13 )35 90 5 amioor DG (slos gl YO- ¥yt

tmin) | 1-T(eC) | 2-T(CC) | 3-T(C) | 4-T(CC) | 5-T(CC) | 6-T(°C)
0 22.9 224 23.6 225 218 224
5 55.6 55.1 55.1 56.6 555 56.1
10 64.1 67 67.7 68.4 68.4 69.1
15 73.6 743 749 732 75.7 743
20 78.1 80.6 81.1 82.1 814 80.6
25 84.1 83.3 855 86.6 873 88.1
30 90.1 87.9 90.8 913 91.7 915
35 90.9 92.1 94.1 95 952 95.1
40 915 928 94.7 95.7 95.9 96.2
45 92.1 935 95.1 95.9 96.8 973
50 925 94.1 955 96.4 973 97.9
55 92.6 943 95.9 96.7 97.6 98.1
60 92.8 94.4 96.1 96.9 97.7 98.4

AY




Oleaslu g5l J51s b an TErMO WOOd 5 (sudlyb U ,uis a3be (8,0 b 65,51 G s 2ol o o0 axdllas

((’f‘" S Sl YMIS oo dasl 5 )5 g 90 5 aie LG las @L:J YP— ¥ Jyd>

t (min) LT | 2-TC6) | 3-T(E) | 4F€e6) | 5-T(6 | BT
0 21.4 22.6 21.8 22.5 21.6 22.4
5 51.8 52.9 52.1 53.9 54.8 55:5
10 66.8 68.8 69.6 70.6 71.5 72.4
15 74.6 75.6 74.6 75.4 76.6 78.6
20 81.6 81.8 822 82.1 82.4 83.1
25 85.1 86.1 86.9 87.6 87.4 88.8
30 86.4 89.5 89.5 89.9 90.5 91.8
35 87.5 88.8 91.1 91.5 92.1 94.4
40 88.5 91.4 92.1 929 93.8 95.1
45 89.2 91.5 92.6 93.6 94.6 95.8
50 89.6 92.1 92.8 94.1 95.1 95.9
55 89.9 92.1 93.3 94.5 95.4 96.3
60 90.2 92.4 93.5 94.8 95.4 96.3

(C)Lé—‘f' CJl:’-ngﬂ' cYm/S Ca&}w -kg"f:t )éjyjsm-hw ‘SLGA @‘53 Yv- ¥ JJJ—":

tmin) | 1-T(C) | 2-T(C) | 3-T(°C) | 4-T(°C) | 5-T(°C) | 6-T (°C)

0 214 22.8 23.6 22.7 22.8 721
5 732 742 74.1 735 75.4 76.1
10 86.1 87.2 86.6 88.5 87.7 88

15 93.4 93.9 943 95.8 95.2 94.6
20 99.8 100.3 100.2 100.5 101.1 100.2
25 102.1 102.9 103.5 104.6 103.9 104.1
30 103.6 104.1 105.4 106.1 105.9 106.4
35 107.6 108.1 108.8 108.1 107.9 108.6
40 108.8 109 109.7 108.9 109.6 110.1
45 109.4 109.4 110.2 109.5 110.1 110.5
50 109.9 109.7 110.8 110.8 1114 111.8
55 110.1 110.3 111.1 111.1 111.8 112.1
60 110.1 110.5 111.1 1114 111.9 1123
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(poler I« DA CYOMS o Ll 13 )3 590 5 amioor DG slos gl YA- ¥ g

t (min) 1T | 276 | 3-T(6 | +TCE | 5-F8 | I(5
0 21.6 21.8 24.1 223 23.6 22.4
5 72.3 70.5 72.3 70.6 72.1 71.4
10 81.5 83.3 85.1 84.1 84.5 83.6
15 88.8 89.8 92.4 90.9 91.8 91.6
20 96.1 97.6 99.1 98.9 99.4 98.4
25 102.1 100.1 101.9 102.6 103.3 103.2
30 102.9 103.1 104.4 105 105.6 105.9
35 103.9 104.3 105.7 106.3 106.8 107.1
40 104.6 105.2 106.9 107.5 108.2 1083
45 105.1 105.7 107.3 108.2 108.6 108.9
50 105.7 106.1 107.7 108.7 109.1 109.7
55 105.7 106.5 108.1 108.8 109.7 110.3
60 105.8 106.5 108.2 109 109.8 110.6

(poler A« S8 XS o Ll 13 )35 90 5 amioor DG slos s YA ¥y

t (min) =TE0 | 22T60 | 3TE0 | T | 55T | &TFEO
0 21.7 21.8 223 22 21.6 22.4
5 68.9 69.9 70.9 70.6 71.1 70.1
10 83.1 82.4 83.3 83.2 84.6 85.4
15 92.2 91.2 91.1 90.9 92.1 91.5
20 94.3 93.9 94.1 943 95.1 94.6
25 95.6 95.4 96.1 96.7 96.1 96.4
30 96.8 96.9 97.7 98.1 99.1 98.6
35 100.1 101.6 101.1 101.9 102.1 102.4
40 100.5 101.1 102.4 103.3 104.1 104.5
45 102.2 102.1 103.3 104.3 105.7 106.4
50 102.6 102.6 104.5 105.1 106.2 107.1
55 103.1 103.4 104.7 105.5 106.6 107.5
60 103.1 103.6 104.8 105.6 106.8 107.9

AY
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|}AJUGJ‘£}J5‘5U:@w—Y—7—f

b ol (5 aes o ol | ealaulejl Jae JUIS 5H1se (L2 (29,5 sled <) gl
el #,V°C ‘;”)\)} )iw:> Lg),.f o)'bj‘ XN PR W ui’a)‘)'f ey Coond e @Lu Q-.‘.‘

b3l Sl Sl 55 Syl Sl YO Llga JUIS 51 s 5 sles gl ¥ ¥ Jpus

Velocity
(le) Temperature Temperature Temperature Temperature
nys
(°0) (°C) °0) 0
2 339 32.1 34.6 404
25 327 31.6 335 39.6
3 31.8 3.1 327 38.2

bl SISl 55 Sl Sl A bl JUIS I s 5 sles s ¥ F Jpas

Velocity
_— Temperature Temperature Temperature Temperature
nyvs
°C) 0 (°0) (°C)
2 38.6 34.6 40.1 44.1
2.5 37.9 33.9 395 429
3 36.9 33.6 38.7 41.3

Cﬁébt‘?.. Solw 3w sbs @L‘S -Y-r-¥

Eord 5l 4B YA CudS 5l o pows g Jol sl > jo lais jae slales 0,51 Cawd 4 (sl
P ls plooF 605 oslail mle 8l ol 0w glos gum BB o B wo S eels cs
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(s Sl 3 YO XMV ot il 5 ) il DS 5 o (slos s YY= ¥ Sl

t (min) BETEO | 2700 | 32'T00 | 24T | 5:T¢0 | 6Tt
0 20 22 21 20 19.2 187
5 41.1 42 43.8 45.4 46.3 47.9
10 47.7 48.6 50.5 523 532 54.4
15 52.8 53.7 55.6 57.4 58.3 59.5
20 55.2 56.1 58 59.8 60.7 61.9
25 56 56.8 58.9 60.3 61.5 62.7
30 57.8 58.5 60.6 62 63.2 64.4
35 46.5 47.1 49.9 51 522 53.6
40 40 40.2 423 44.1 44.8 45.4
45 37.1 37.8 39.1 40 40.9 413
50 36.1 36.2 37.5 37.9 38.6 39.8
55 33.7 339 343 35 35.4 36.1
60 315 31.9 326 33.2 33.7 34.6

(Ul S ¢ Sl5 ¥ CY/OMS ot o Jaal 5 )35 90 5 amir Bl (glos gulsS WY ¥ Jpur

t(min) | 1-T(°C) | 2-T(C) | 3-T(°C) | 4-T(C) | 5-T(C) | 6-T(°C)

0 19.5 18.7 19.4 19 18.7 18.7
5 39.1 40.9 423 441 45.6 45.8
10 472 49 50.4 51.9 535 53.9
15 513 533 545 56 574 58

20 54.6 56.4 575 59.1 60.9 61.3
25 55.7 57.6 58.7 60.1 62 62.4
30 56.6 585 595 61 62.7 63.3
35 46 479 489 50.2 52 5.7
40 37 39 39.7 42 433 44.1
45 33.8 34.6 35.6 37 37.9 39.1
50 33.1 33.9 343 35.3 36.1 36.8
55 32.7 33 332 334 342 34.6
60 31.6 32.3 325 32.6 32.9 33.1

Af
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(Ul S« Sy FO X MYS o s Jasl 13 )35 30 53 amiosr Bl (slos gl VY= ¥ g

t@min) | 1-T(C) | 2-T(C) | 3-T(°C) | 4-T(°C) | 5-T(°C) | 6-T(°C)

0 20.2 20 18.7 19.7 19 18.7
5 37.8 384 39.7 40.9 413 42.9
10 46.7 473 48.6 49.8 50.2 51.8
15 51 525 54 554 555 57

20 52.2 53.8 553 56.8 57 58.4
25 54 55.6 57 585 59 60.2
30 553 57 585 60 60.4 61.8
35 443 458 47.1 48.7 49.6 50.2
40 39.6 40.6 41.9 422 431 44.6
45 36.1 36.8 37.8 383 394 40.1
50 32.6 332 33.9 348 354 36

55 31.9 32.7 332 338 342 34.6
60 31.1 315 31.6 324 32.9 332

(d‘g‘ C.Jb‘d)“g Q- ‘Ym/S C'_,.F,w h?.‘}‘:)&;jb\'.’. EW S ‘5LA3 @L“JVO—‘f d"..X?.

t (min) 1-FCC) | 22TCE | 32T | 2TC0 | 2T | &TC6)
0 21.4 71K 23.6 222 213 22.1
5 57.9 58.2 59 59.4 60 60.8
10 68.4 69 69.7 70.1 70.6 71.1
15 75.1 T5T 76.4 76.7 77 77.9
20 80.8 81.4 81.9 82.4 83.1 8357
25 84.4 85 85.8 86 86.6 87.2
30 86.8 87.2 88.9 88.1 88.5 89.2
35 72.3 72.6 72.1 73.1 725 72.8
40 55 55.4 55.8 56.1 55.4 56.4
45 44.6 45.1 463 459 47.1 46.8
50 415 41.9 428 43.6 425 42.6
55 37.4 37.8 38.1 38.2 38.8 39.2
60 33.9 34.6 35.1 35.8 36.1 36.4

AY




Oleaslu g5l J51s b an TErMO WOOd 5 (sudlyb U ,uis a3be (8,0 b 65,51 G s 2ol o o0 axdllas

(J‘g‘ CJ\’AQ“’ q+« Y/OMS S .kg_‘f:" )b}ijnabw ‘5L°: @L:JY‘V—Y J}J.?

t(min) | 1-T(C) | 2-T(C) | 3-T(°C) | 4-T(°C) | 5-T(°C) | 6-T(°C)

0 21.6 224 23.9 53 21.8 22.6
5 52.6 54.2 53.9 54.6 55.6 56

10 63.4 64 64.4 63.9 65 65.5
15 70.2 713 i 715 72.1 73.1
20 75.9 77.6 783 784 78.9 79.8
25 81.1 81.9 82.4 83.1 83.7 84.6
30 84.1 884.8 853 86.1 86.9 87.8
35 68.8 70.1 69.5 69.8 71.3 70.5
40 51.9 51.6 524 53.6 525 532
45 42.6 425 429 4311 424 445
50 37.8 374 375 38.6 38.8 39.1
55 34.9 35.6 35.8 359 363 36.1
60 34 33.6 34.7 348 35.1 355

Ul S ¢ Slp 0 FM/S s o Jasl 3 )35 90 5 amir BUE (glos gl A= ¥ 5o

t(min) | 1-T(°C) | 2-T(°C) | 3-T(C) | 4-T(°C) | 5-T(°C) | 6-T(°C)
0 214 21.8 22 22 21.6 224
5 49.1 49.7 50.6 51.1 52.3 53.4
10 57.8 585 59.8 60.7 61.2 62.3
15 65.1 66.2 67 67.7 68.6 69.8
20 72.7 733 74 745 75.4 76.6
25 78.1 78.8 79.9 80.7 81.6 82.4
30 80.8 81.6 82.9 833 84.4 85.9
35 66.1 66.3 67.2 66.5 67.1 67.6
40 52.1 51.9 532 52.8 52.1 524
45 425 433 4311 42.8 435 455
50 36.2 374 36.5 38.1 37.9 37.6
55 34.1 34.9 354 34.9 352 353
60 325 33.6 333 34.1 34.6 343

AN
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(po o ¢ D5 FO Y MS b Ll 13 ) by DS 5 o (slos gl ¥A- ¥ J gt

t(min) | 1-T(C) | 2-T(°C) | 3-T(°C) | 4-T(°C) | 5-T(°C) | 6-T(°C)
0 20.9 222 21 23.4 22.6 21.7
5 41.1 42 438 454 443 432
10 477 48.6 50.5 523 532 544
15 57.1 58.2 614 62.7 61.8 62.6
20 61.7 63.8 642 66.9 68.2 68.9
25 66.7 68.5 68.9 70.1 72 71.6
30 69.5 714 71.7 734 74.7 73.9
35 64.6 64.4 65.5 66.6 68.1 67.8
40 59.9 60.2 60.5 61.8 63.4 62.4
45 54.6 55.9 56.4 57.1 58.8 59.1
50 52.9 53.1 533 544 555 56.4
55 49.9 50.5 50.2 51.1 52.6 523
60 48.1 485 498 49.9 51.1 50.1

(c‘,u I Ol PO Y/OMS Coo o Jayl 5 )3 9 50 5 amiee LG sles Y- ¥ Jdyus

t (min) =TEC | 2T00 | 3=T60 | £2TE0 | 5TEO | &TE0
0 232 24.7 229 24.6 22.7 23.6
5 41.6 44.9 423 43.1 42.6 40.1
10 472 49 48.8 51.9 53.5 52.9
15 52.6 55.6 54.9 56 57.4 60.5
20 58.2 60.8 60.3 62.1 63.2 66.4
25 63.1 62.7 64.2 67 66.8 70.7
30 66.8 65.6 66.2 68.4 70.1 72.5
35 59.5 60.4 61.5 64.3 65.4 66.1
40 56.1 ] 58.1 60.1 61.3 61.8
45 53.6 54.2 55.5 54.9 55.4 57.4
50 50.2 51.6 52.1 523 52.8 53.2
55 46.4 474 48.6 493 49.9 50.6
60 42.6 433 44.4 45.4 46.2 472

A4
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((’f‘" S DIy PO Y MIS Sy Lyl 15 )3 990 5 domiee B sbes @Lﬁ\“—\‘d‘g-x?

t (min) 1-T(E) | 2-F(C) | 3-T(C) | ATFT(O | 5-T(E) | T(O
0 23.6 22.4 213 23.2 215 229
5 37.8 38.4 39.7 38.8 38.9 39.6
10 46.7 473 48.6 50.6 50.2 52.1
15 52.6 53.9 55.9 56.6 57.6 58.8
20 58.6 59.8 60.6 62.6 65.2 66.6
25 63.2 64.3 65.8 67.2 68.2 69.4
30 65.2 66.6 69.1 69.5 70.2 71.9
35 57.3 58.8 61.1 62.1 63.8 64.4
40 50.1 53.3 56.6 57.2 58.7 59.5
45 47.7 494 52.1 53.1 54.6 55.5
50 444 46.6 474 48.8 50.1 51.3
55 42.8 44.1 453 47.2 483 49.6
60 412 2.7 44.1 45.1 45.4 46.6

((’-9“" I Ol Y MS Ce e ayl ) bl OAd 3 e gles @Lﬁ\‘\—\‘d}-»\:—r

t (min) =-TE8 | 2700 | 35TE | 4T | 5TE0 | T80
0 22.8 214 23.7 218 22.9 24.1
5 61.6 60.8 62.3 60.6 63.6 64.5
10 71.7 71.8 70.6 71.6 72.1 73.1
15 77.4 78.5 80.9 81.6 81.4 81.9
20 82.6 83.1 84.5 84.9 85.9 85.7
25 85.1 86.4 88.8 89.9 91.5 92.1
30 92.4 93.1 943 94.1 95.6 96.5
35 78.4 78.6 781 79.9 80.4 81.9
40 64.1 63.6 64.5 65.4 66.6 67.9
45 55.9 56.6 57.1 58.7 59.8 60.6
50 51.8 52.5 533 54.4 56.1 55.9
55 47.6 48.9 48.6 49.8 50.4 52.1
60 45.8 455 46.1 475 48.5 49.9




Oleaslu g5l J51s b an TErMO WOOd 5 (sudlyb U ,uis a3be (8,0 b 65,51 G s 2ol o o0 axdllas

(pow I« Sl 0 CY/OMS b Lyl 12 )3 590 5 amiosr DG slos s Y- ¥y

t(min) | 1-T(C) | 2-T(°C) | 3-T(C) | 4-T(C) | 5-T(°C) | 6-T (°C)
0 22.9 224 23.6 325 21.8 224
5 55.6 55.1 55.1 56.6 555 56.1
10 64.1 67 67.7 68.4 68.4 69.1
15 73.6 743 74.9 73.2 75.7 743
20 78.1 80.6 81.1 82.1 81.4 80.6
25 84.1 833 855 86.6 87.3 88.1
30 90.1 87.9 90.8 91.3 91.7 91.5
35 73.6 745 76.1 75.8 775 78.1
40 62.6 63.6 64.7 65.1 66.5 653
45 55.2 56.6 57.1 597 59.1 58.7
50 49.9 51.1 50.5 51.1 52.1 52.7
55 438 455 449 45.6 475 483
60 41.6 422 431 44.4 453 46.5

(fi‘“‘ S Sl A M M/S Co s Jasl 1 )3 90 5 ammie BB gles b YY- ¥ Jyus

tmin) | 1-T(C) | 2-T(C) | 3-T(C) | 4-T(C) | 5-T(C) | 6-T (°C)
0 214 22.6 21.8 225 21.6 224
5 51.8 52.9 52.1 53.9 54.8 555
10 66.8 68.8 69.6 70.6 S5 72.4
15 74.6 75.6 74.6 75.4 76.6 78.6
20 81.6 81.8 822 BZ1 82.4 83.1
25 85.1 86.1 86.9 87.6 87.4 88.8
30 86.4 89.5 89.5 89.9 90.5 91.8
35 71.1 72.9 72.6 732 74.8 754
40 60.8 61.1 60.8 60.5 61.5 62.3
45 52.1 53.1 524 54.6 53.6 544
50 46.6 47.6 471 48.1 471 477
55 433 442 44.9 46.1 45.1 44.4
60 41.8 42.1 43.1 438 44.6 433

)
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lob o3y jLind bl uls —F— 5 F

el G5 Do LB a5 conl b jla jlid célo o)l gz g ile lsn L > ey 8 L
Sy slad cdlals Jl5 1 by blie joesd alie b & oS psw 5 Jol slo <l o Ll

- dged 0adlice g o gy gz o ol Sledll as as )l

7o s il sl ol gl 0,8 haws PA a1y cledlbl iy Sy 6l Ol (oo el
38,5 drle PA s 5 jLid U 0903 w0 AYAIEYA s o 1 oliws

oo 0L > ,Li3 I @L‘S—f\—f Jgd>

Air Velocity Pressure Drop Pressure Drop
(m/s) (mmH-,0) (Pa)
0 0 0
0.2 2 20
0.4 4 39
0.6 6 59
0.8 8 78
1.0 12 118
1.2 14 137
1.4 16 157
1.6 20 196
1.8 26 255
2.0 32 314
2.2 37 363
24 43 422
2.6 50 490
2.8 58 569
3.0 65 637
3:2 73 716
3.4 78 765
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PV - Payback Limit

Use the payback period to define which surfaces
will be used for the PV system. Surfaces with
shading or poor solar orientation may be
excluded.

Current Setting:
10 yr
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Window Shades

Shades can reduce HVAC energy use. The
impact depends on other factors, such as
window size and solar heat gain properties.

Current Setting:
2/3 Win Height
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Wall Construction

Represents the overall ability of wall
constructions to resist heat losses and gains.

Current Setting:
R13+R10 Metal

o (300 leiS Lo 5o (GOl sla0 LSl (FY-F) S
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HVAC

Represents a range of HVAC system efficiency
which will vary based on location and building
size.

Current Setting:

High Eff. Package
Terminal AC
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Window Glass - South

Glass properties control the amount of daylight,
heat transfer & solar heat gain into the building,
along with other factors.

Current Setting:
Trp LoE

- -
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The typical hours of use by building occupants.

Operating Schedule

Current Setting:
12/5
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Abstract

In recent years, many experimental, analytical and numerical studies have
been conducted to increase the heat transfer efficiency of devices with
economic savings approach. Common solutions for this are to increase the
fluid flow intensity and increase the solid-fluid contact surface. On the
other hand, storing thermal energy due to less environmental pollution is an
important and practical way to conserve energy and improve its efficiency.
Phase change materials have the highest heat storage capacity; But due to
their low thermal conductivity, they have limited applications. The use of
porous thermowood plate with phase change materials is presented as a
solution to increase the thermal conductivity of these materials.

Hot thermowood panels are one of the most advanced materials that have
been considered by researchers and consumers due to their variety of
applications. This diversity of application is due to the cellular structure.
Their open cell type has higher thermal conductivity and permeability
compared to closed cell due to its suitable structure. In this research, with
the help of software and heat transfer experiments, thermoformed plates
and phase change materials in four different modes have been studied
experimentally and then the results have been compared with each other.
Designed for software analysis with a set of international standards

Then, with the help of software such as View, Design Builder, Greenhouse
Autodio, Insight, the sample volume in Tehran location was studied and the
raw volume and volume were analyzed using thermodynamics in this
location, which shows the effect of about 118 units. Ashtar was used to
make the studied laboratory model of RT-55 paraffin modifier and two
pieces of open cell thermowood. The results showed that the simultaneous
effect of latent heat on paraffin RT-55 and the ratio of surface to top
volume in the constant conditions of the test, caused a further decrease in
surface temperature of the plate compared to other experiments. The plate
accelerates the melting and freezing process in the phase change materials
and on the other hand speeds up the phase change process in these
materials.

Keywords: Thermowood - Energy - Paraffin - Phase Changer
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