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## 4274155125:MAJOR  BUILDING TECHNOLOGY

KEY WORD: HEAT TRANSFER / MASS / INSULATION /
RUNGROJ WONGMAHASIRI:THE EFFECTS OF HEAT TRANSFER DUE TO THE COMBINATION
OF MASS AND INSULATION. THESIS ADVISOR:VORASUN BURANAKARN, Ph.D., THESIS CO-
ADVISOR: PROF. SOONTORN BOONYATIKARN, Ph.D., 155 pp. ISBN 974-13-1260-1.

The delay of heat transfer behavior due to its thermal mass can reduce the amount of heat flow, leading to thermal
comfort in the building. Relevant theories revealed that this would be highly effective when materials made of insulation and
mass that had high heat capacity were used. This research aimed at studying the position of mass and insulation combination

that could add the efficiency of heat transfer to wall materials in both air-conditioned and non air-conditioned buildings.

The research consisted of three steps as follows: the test on the position of insulation and mass suitable for both air-
conditioned and non air-conditioned buildings and an investigation on external variables affecting heat transfer. In the
experiment, one inch polystyrene insulation board and two sets of 4-inch concrete wall were used. In three difference stages of
experiment, the insulation was installed on the exterior, in the middle and on the interior of the concrete wall. The experiment
showed that the appropriate position of the insulation and mass was to use the insulation on the outside wall in order to reduce
the impact of weather condition, as well as to use mass with high heat capacity inside so that it could delay heat penetrating.
When comparing the air temperature between inside and that outside. The difference in the peak temperature was
approximately 7 degrees Celsius lower than the outside. On the other hand, regarding the other two materials, those insulation
was installed in the middle and on inside, the temperature difference was around 6 degrees Celsius and 5 degrees Celsius
respectively. The experiment showed that the appropriate position of insulation and mass in air-conditioned building and non air
conditioned building was to use the insulation on the outside surface and keeping the mass inside. The study also cautioned the
selection of the amount of mass as follows, in the building with air-conditioned system, the high thermal mass would required
extra energy to remove the heat sink during the startup period. The different experiment was also performed to investigate the
impact of wall coating and solar radiaton. The inside air temperature of the test cell with black coating exterior wall was
approximately one degree Celsius higher than that of the test cell coating with white color. In the same way, the inside air
temperature of the test cell exposed to the direct solar radiation was about 0.5 degrees Celsius higher than the one protected

from the direct solar radiation.

In conclusion, the best position in combining mass and insulation for both air-conditioned building and non air —
conditioned building was to use insulation outside and use-of proper mass .inside. Building with no.air conditioning should
consider the used of wall with exterioriinsulation and proper amount of internal masss, in order to have a better control on the
inside air temperature. Regarding the air-conditioned building,the amount of thermal mass must be carefully considered to

avoid energy waste from heat sink during the startup period.

Department  Architecture Student’'s signature.........ccoooooiiiiiiii
Field of study  Building Technology AdVisSOr's signature.........c.coeviiiiiiiiiiee

Academic year 2000 Co-advisor's signature...........ccoeeiiiiiiiiiiiiins
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FIN399 2.1 AuaNTRI99HaTAR LN THA

Surface Solar Absorbtance Longwave al & Ratio
(a) Emittance
(&)
White enamel on iron 0.15-0.45 0.90 0.28 - 0.50
Green paint 0.5 0.90 0.56
Red oil base paint 0.74 0.90 0.82
Black paint 0.94-0.98 0.88 1.07 - 1.11
Black velvet 0.98 0.96 1.02
Aluminum foil 0.15 0.05 3.00
Bare copper plate 0.20 - 0.40 0.40 - 0.65 0.50-0.62
Bare steel plate 0.65 0.13 5.00
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Surface Solar Surface Solar
Absorbtance Absoritance
Brick Rocfing Materials
Glazed, white 0.26 tsbestos-cement, white 0.4z
Glazed, ivary 1o cream 0.38 Ssbestas-cement, & manth exposed 0kE1
Cammon, light red 065 Asbestas-cement, 12 month 071
Cormrmon, red 063 exposed
\iire-cut, red 0.&2 Asbestas-cement, 5 years exposed, 083
Blue 0.a9 veredirty
Limestone Azbestos-cement, red 0649
Light 035 Asphatt, new 081
Dark .50 Asphalt weathered na2
jandstone Bitumen-caver roofing sheet, bramn 08y
Light fawun 054 Biturnen-cover roofing sheet, green 0.86
Light grey 062 Biturninaus felt 0.53
Red 073 Bituminaus felt with alluminized 0.40
surface
Marble Glate, silver grey 079
\ihite 0.44 late, blue grey 0&y
Dark 0.EE Slate, greenish grey, rough 0538
Granite Slate, dark grey, smooth 0.s9
Reddish 0858 Slate, dark gresy, rough 080
Pairts Tar paper, black 083
Aluminum 054 Tile, clay, machine made, red 0.E4
Cellulose, white 0.41a Tile, clay, machine 0.1
Celluloze, yella 0.33 made, dark purple
Cellulose, arange .41 TRl e o Maelt., red 0ED
Celluloze, signal red 0.44 Tile. clay. hand made., reddish 0.9
Cellulose, dark red 0.avy braun 064
Celulose, brown 0.7 Tile, concrete, uncaollored
Cellulose, grey 0y Tilel ot =g ey 085
Cellulose, bright areen 0.7 3 Tile concrete. black 081
Celluloze, light green .50
Cellulose, dark green 0.2
Cellulase, dark blue 0.491
Cellulose, black 0.94
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Surface Solar Surface Solar
Absorbtance Absoritance
hetal Ground cove
Steel, vitrepus enameled, white 045 fsphatt, pavernent 0483
Heel, vitrepus enameled, green 0.7e Dezert ground surface 0.74a
Steel, vitrepus enameled, dark 051 Grass, green, after rain 0EY
red Grass, high & dry 067 -0kE9
Steel, vitrepus enameled, blue Q.50 lce with sparse snow cover 031
Galvanized iron, new 0.64 Dak leaves 071 -07s8
® Vepy dify 0482 Sand, dry n.az2
®  Ihite washed 022 Jand, wet 084
Copper polished 0.18 Fand, white powderad 0.45
- Tamished 064 dnowm, fine particles, fresh 013
Lead sheeting, old o7y Show, ice granules 0.33
Mizcellanous ifzter 0.94

Aluminum, polished
Concrete

Copper, palished
Plastar, white
Silver, palished

\ilood, pine
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Sutface Loncmaye Sutface Lonciurase
Emittance Emittance

Alurninw, polished 0.a3 Lead, grey, oxidized 0.23
Alurninwrn Galloy 11000, commmercizl o.og Lirmestore, st 145 “-380°F 0.236-030
shieet, heawsy axidized Lirne waszh 0481
Alurninu r-costed pape, polished 0.20 Magresium, oxidized 0.55
Alurnitwrn foil, bright 0.as Marble light grey . polished 0.8931
Alurninum sheet 0.12 Mickel, electra plated, palished 0.045
fabestos, board 0.5 Pairits:
Asbestos, insulation (paper) 0483 Alurminu m 0.a0
Elack surface, abzoluted 1 Alurninum lacquer, on rough plate 0.39
Eraszs Black lacquer 0.0

Red (85%Cu, 15%2n) high polished 0030 Elack shellac, "matle " finish 0481

Tellow (55 %Cu, 35% 2n] high 0.033 Flat Black lacquer 0.95

palished Oils, all calor 0820898
Erick builditg 0483 ihite enamel, an rough plate 0481
Building raterials: wood, paper, ihite lacquer o.a0
massoney, norHmatalic-paints 0.80 Paper, pasted on tinned plate 048z
Cadmiurm ooz Flaster, rough white 0481
Carbon (gas retrof) 0.1 Flatinurm, polished 0.054
Chalk 0354 Parcelzin, glazed 0482
Concrete 0.35 Rubber
Concrete, rough 08y Mulcanized soft, rough 0.86
Copper (electralitic), commercial shiny naor2 ulcanized, hard, glossy 0485
Eatth, dry packed 041 Sikver, polishied and at 440 °F 0.0z
Fireclay brick, at 1.832 °F 075 Steel, galvanized, brigth 0.25
German silver (hickel sitlver), palished 0.135 Steel, mild, cleaned 012
Glass Tin, bright and st 122 °F 0.05

Crann (soda lime), smoath 054 Tungsten, filamert =t 50 °F 0.032

Regular, smoath 0.54 Wfaod, white Oak, planed 0.40
Gold, high palishied ooz Jinc:
Graphite karbase” (impetvious) 075 Cast, palished 0.05
Gypsum, o & smooth plate 0.903 Galvanizing, fairly bright 0.23
lce, at 32°F 095 Iran

Cast, fresty turned 0.435
ik ought, duil, oxidized 0.94
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2.2 NUIRENNYITD
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#11: Santamouris and Asimakopoulos, 1996:187
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2.2.2 Time Lag Method
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Material Density | Specific | Volumatric Heat Thermal
Heat Capacity Conductivity
/i | Btu/lb-°F Btu/ft” °F Btu-in./h-ft*-°F
Building board
Asbestos-cement board 120.0 0.24 28.8 4
Gypsum or plaster board 50.0 0.26 13 4.44
Plywood or wood panels 34.0 0.29 9.86 0.8
Hardboard
Medium density 50.0 0.31 15.5 0.73
High density 55.0 0.32 17.6 0.82
Particle board
Low density 37.0 0.31 11.47 0.54
Medium density 50.0 0.31 15.5 0.94
High density 62.5 0.31 19.375 1.18
Insulating materials
Expanded polystyrene extruded 2.0 0.29 0.58 0.2
Cellular polyurethane 1.5 0.38 0.57 0.17
Masonry materials
Concrete
Lightweight aggregates 80.0 0.2 16 5.9
Sand and gravel or stone aggregate (not 140.0 0.2 28 9
dried)
Masory units
Brick, common 120.0 0.19 22.8 9
Wood (12% moisture content)
Hardwoods 40.0 0.39 15.6 1.1
Softwoods 30.0 0.39 1.7 0.8
Plastering materials
Cement plaster, sand aggregate 116.0 0.2 23.2 5
Gypsum plaster, sand aggregate 105.0 0.2 21 5.6
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Thermal property of materials
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Yolumetric Heat capacity
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m19W7 3.6 uansdiayanisdfuuiAnguungandwlfuesiamume s 48 v
N Offset Slope RQ VLR
1 -1.70338 1.02236 0.999912
2 -1.01794 0.997273 0.999942
3 0.255875 1.022909 0.999942
4 -0.83618 1.005178 0.999905
5 0.016242 1.032141 0.999856
6 1.198755 0.973914 0.999889
7 -0.72411 1.032581 0.999803
8 -0.42238 1.015843 0.999894
9 -1.25202 1.054579 0.999142
10 0.194267 1.014491 0.999786
" -0.70766 1.040865 0.99969
12 -2.83162 1.068076 0.99944
13 0.075236 1.038502 0.999538
14 0.916573 0.980327 0.999642
15 -0.71671 1.046518 0.999894
16 0.236915 1.02957 0.999774
17 -0.31228 0.9958 0.999931
18 0.078834 1.013758 0.999881
19 -0.23453 1.011656 0.99988
20 0 il 1 Lﬁuuﬁnlumi%ﬂmﬂiﬂﬁu
21 -1.28376 1.053087 0.999952
22 -0.29024 1.026346 0.999945
23 -0.05025 1.023625 0.999932
24 -1.08082 1.030788 0.999884
25 -0.74741 1.019496 0.999978
26 0.156846 1.00012 0.99997
27 1.064198 0.984457 0.999957
28 0.149175 1.021125 0.999885
29 -0.95723 1.039064 0.999893
30 -0.68263 1.019255 0.999847
31 -0.73058 0.999019 0.999911
32 -0.508 0.973438 0.999917
33 1.442161 0.973926 0.999932
34 1.255079 0.974718 0.999911
35 0.401005 1.020327 0.999948
36 -0.05935 1.008557 0.999878
37 1.47851 0.974658 0.999889
38 0.249698 1.020267 0.999871
39 -0.08854 1.030026 0.99996
40 -0.47693 1.022294 0.999947
41 -1.00137 1.015977 0.999941
42 -1.12968 1.009573 0.999938
43 -0.68649 1.022324 0.999871
44 0.193833 1.016726 0.999815
45 -0.04699 1.014894 0.999928
46 0.298814 1.006815 0.999906
47 1.060447 0.990286 0.99994
48 0.277605 1.019825 0.999991
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D=t Tim = boxd box2 | boxZ boxd boxs boxE | box¥ boxd box8 | box10 | boxdd | bex12 | box13 | boxld | baxlS
12800 | 5:38:37 P | 30,4535 | 30.7TT 31333 30332 | 31.234 | 30.7a3 | 3115 [30.9064 31?249 F1.1535| 30765 30.395 I0.831 | 31.246 | 30.6TS
128000 | G:43:37 PR | 30,229 | 30577 | 310105 | 30431 [ 31015 | 30577 | 30975 [ 30771 [ 31.034 | 30965 | 3053 |I0.636 | 30.76 |31.022( 30477
128000 | 6:59:37 FM | 30.006 | 30382 | 30815 | 29951 | 30511 | 30373 | 30.779 [ 30.556 | 30.534 | S0.TTE | 30.302 | 30425 | 30536 | 30.806 [ 30277
1289000 | T09:37 FM | 29.516 | 30194 | 306135 | 29771 [ 30612 | 30177 | 30.535 [ 30406 | 30,635 | 30,590 | 30081 [ 30,206 [ 30321 | 30.596 [ 30.038
128000 | T:19:37 PR | 29.626 | 30,0101 | 30425 | 29596 | 30415 | 290955 | 30401 | 30.23 (30,443 | 30425 | 29,571 [ 29,9965 [ 30116 | 30.394 [ 23,906
128000 | T:29:37 PR | 29,437 | 296260 | 30220 | 29424 | 30225 | 295 | 30.212 (30,056 [ 30.245 | 30.29 | 29.667 [29.795 (29916 | 30137 [ 2a.7a7
128000 | F:39:37 FM | 29.255 | 29.645 | 30.042 | 29,259 | 30041 | 29.622 | 30.037 [ 29559 [ 30.063 | 30052 | 29.471 [29.601 [29.723 | 30,005 [ 29.557
128000 | F:49:37 PR | 29.077 | 29.486 | 29.865 | 29,102 | 29.665 | 29.452 | 29.569 [ 29.732 [ 29.591 | 29,919 | 29.286 | 29.415 [ 29.544¢ | 29.626 | 29.5359
128000 | T:59:37 FM | 25,927 | 29.325 | 29.695 | 25.949 | 29696 | 29255 | 29.704 [ 29577 [ 29.715 | 29762 | 2941 [29.245 [29.371 | 29.656 [ 29.229
128000 | S:09:37 FK | 2577 | 29169 29539 | 25,802 (29554 | 29132 | 29.549 [ 22427 (29557 | 29.61 | 25941 | 29005 [29.205 (22,433 | 22.078
128000 | S:19:37 PR | 25.621 | 29.007 | 29377 | 25,661 | 23374 | 25875 | 29.537 [ 29,253 [ 29.5392 | 29457 | 25,75 [25.915 (29,047 [ 29.326( 28.93
12800 | §:29:37 FM | 26473 | 28672 29.22 | 2552 | 29.22 |25.629| 29.2¢ (29739 (29,239 | 29312 | 25.6022 | 25.762 | 28.69 | 2917 287485
120000 | S:39:37 FM | 26.5323 | 26.726 | 29.067 | 25,384 | 290067 | 25.657 | 29.097 [ 25997 [ 29.055 | 29172 | 25.471 | 25.611 [25.746 | 29.019 | 25645
1289000 | S:49:37 FM | 25197 |28.591 | 25,915 | 25,252 [ 25915 | 25.541 | 25949 [ 25,559 | 23043 | 29031 | 25,322 | 2546 [25.507 | 2857 (285503
1289000 | S:59:37 PR | 25.059 | 28,452 | 26,774 | 25,113 | 23775 | 25407 | 28521 (28728 | 288 | 25595 25175 | 26.315 | 25453 | 28.726 | 28366
128000 | 2:05:37 PR | 27.936 | 25.5325 | 25,6435 | 25.005 | 25,641 | 25.255 | 25.693 [ 26,607 | 2567 |25.7T2| 25.033 | 25,152 [ 25.313 | 256.955 | 25.236
12800 | 3:12:37 FM | 27.514 | 26.202 | 26514 | 27.8697 | 25512 | 256164 | 25.966 [ 25456 | 2654 | 26651 | 27.912 | 25.055 | 25,186 | 28.452 | 25114
128000 | 2:29:37 FM | 27.66 | 26.082 | 25,365 | 27787 (25,559 | 25.045 | 25421 | 285371 | 28,415 | 28,53 | 2T.765 | 27.939 [25.061 [ 28.331 | 25.001
128000 | 9:39:37 FM | 27.557 | 27.969 | 25266 | 2T.6TT (25271 | 2794 | 23295 2826 | 263 |25417| 2T.666 |27.821 [27.942 | 25.209 | 27655
1289000 | 2:49:37 FM | 2745 | 275857 | 26147 | 27.574 | 23154 | 2T.525 | 28479 (28145 | 28,183 | 25,304 | 2T.540 | 27705 | 27.82 |28.085 | 27777
128000 | 3:58:37 FK | 27.365 | 27.7435 | 25,032 | 274735 | 25,059 | 2T.719 | 25061 [ 26,033 | 2507 | 25194 | 27435 | 27.595 | 27.72 (27973 | 2r66T
12800 [10:03:37 FM | 27.266 | 27.636 | 2T.925 | 27.376 | 27952 | 27617 | 27.937 [ 27957 | 27.964 | 250587 | 27.33 |27.495 | 2761 |27.604 | 27566
128000 [10:13:37 FM | 27171 | 27.537 | 2T.816 | 27.2689 | 27.629 | 27.524 | 276595 | 27642 | 27663 | 27955 | 27.225 | 27.592 | 27.503 |27.756 | 27 469
128000 [10:22:37 PM | 27.065 | 27445 | 27717 | 27.201 [27.731 (27432 | 27.756 [27.743 [ 27764 | 27.589 | 27126 |27.295 [27.414 | 27657 273574
128000 [10:32:37 PM | 26.996 | 27.354 | 2T.622 | 27121 [2T.E5T | 27.542 | 27659 | 27661 | 2T.66T | 27795 | 27.025 | 27.204 [ 27.324 |27.561 [ 27285
128000 [10:42:37 PH | 26,005 | 27.259 | 2T.526 | 2T.03T | 27542 | 27254 | 2T.66 [2T.6T1 |27.657S | 27T.704 | 26.935 [ 27115 [ 27.255 | 27468 27194
128000 [10:53:37 P | 26525 | 27173 | 27439 | 26,953 | 27455 | 27174 | 27452 | 2749 27489 | 27619 26.055 | 27.034 (271535 |2r.37r | ar 114
128000 [11:08:37 FM | 26.736 | 27.092 | 27391 | 26,686 | 2737 (27101 | 27.396 (27412 (27402 | 27.54 | 26,76 |26.996 [27.077 |27.293 | 27.05¢
128000 [11:19:37 FM | 26.65 |27.0104 | 2727 | 26814 [ 27291 | 27029 | 275315 [ 27555 | 2752 | 27453 | 26.705 [ 26,879 [ 26.997 | 27.211 | 26.954
128000 [11:22:37 PM | 26.613 |26.935 | 27193 | 2675 | 27.22 | 26955 | 2T.24 |2T.268 | 2T7.245 | 27554 | 26.630 | 26.512 [ 26.933 | 27137 | 26552
128000 |[11:33:37 P | 26.545 | 26.602 | 27102 | 26.6585 (27147 | 26.555 | 27166 | 27497 | 27172 |2T.316| 26.55 [26.747 (26571 [2T.073 | 26.5811
128000 |[11:43:37 FM | 26453 | 26.797 | 27.05 | 26,625 |2T.07T | 26,627 | 27035 [ 27134 [ 27106 | 27245 | 26.524 | 26.684 [26.512 | 2T.01 | 26747
128000 [11:53:37 FM | 26.431 | 26.734 | 26.951 | 26,5635 | 27.003 | 26.765 | 27.033 [ 27.068 [ 27.035 | 27.18 | 2647 |26.621 [26.752 | 26.947 | 26636
138000 [12:08:37 AW | 26,36 |26.672| 26,915 26,511 | 26.945 | 26.703 | 26.964 [ 27.003 [ 26971 | 27117 | 26.417 | 26.5635 | 26.697 | 26.692 | 26.62¢
IS0 [12:12:37 AM | 26.324 | 26,6103 | 26.855 | 2646 (26554 | 3665 | 26.904 26945 [ 2691 | 2T.053 | 26.360 | 26.505 | 26.642 | 26.534 | 26568
139000 [12:22:37 AW | 26275 | 26.559 | 26.795 | 26,415 | 25,534 | 26.595 | 26,846 | 26,595 | 26,556 | 26,995 | 26,327 | 26.464 | 26.504 | 26,735 26513
138000 [12:33:57 AW | 26.243 | 26.505 | 26,742 | 26,365 | 26.779 | 26.543 | 26.734 [ 26.546 | 20.504 | 20,944 | 20255 | 20,425 | 26,556 | 26.744 | 26463
13800 [12:43:37 AW | 26.27 | 264956 | 26.694 | 26,325 | 26.75 | 26433 | 26.7¢ [26.737 [ 26.753 | 26.594 | 26.247 [26.376 [26.513 | 26.7 26413
138000 [12:59:37 AW | 263 |26.39T7 | 26.655 | 26.2T2 | 26.673 | 26.443 | 26686 [ 26.747T [ 26.705 | 26.545 | 26.207 [ 26.335 (26471 | 26.652 [ 26.363
IS9000 | 1:02:37 AW | 26121 |26.351| 2658 | 2622 | 26.62 | 26.302 | 26.634 [ 26695 | 26.653 | 26,793 | 26165 [ 26.295 | 26.43 |26.607 | 26314
139000 | 11237 AW | 26.05 | 26.29 | 26.525 | 26175 | 26.569 | 26.342 | 26.5672 [ 26646 | 26.604 | 26,745 | 26,135 | 26.256 | 26.305 | 26.566 | 26,264
138000 | 1:23:37 AW | 26.054 | 26.241 | 26477 | 26137 [ 26519 | 26.237 | 26.53 | 26.6 [26.561 |26.695 | 26.095 | 26.217 | 26.353 | 26.523 | 26.222
13800 | 1:32:57 A | 25.99 | 26195 | 26425 | 26.094 | 26474 | 26.25 | 26.453 [ 26557 [ 26.513 | 26,643 | 26.055 | 26.152 [ 26.315 | 26.455 | 26177
138000 | 1:49:57 Ak | 25968 | 26,149 | 26,356 | 26.054 | 26,429 | 26.206 | 26.437 | 26.52 | 2647 | 26605 | 26.021 | 26.147 [ 26.2535 | 26.444 | 26136
138000 | 1:59:37 AW | 25.932 | 26104 | 26.34 | 26014 | 26.39 | 26167 | 26.394 | 2645 | 2643 |26.565 | 25.956 [ 26,115 | 26.25 | 26.403 | 26.097
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Box calibration : box 1-15
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anaweiing lusendnaniaiudayaiiguugiainiAniauaniads 32.18 aaAaiEas HA0

GOUNNNINIANILLONGIAA 41.04 BIANTATS LATHANUUNNDINIANEUBNAIAA 26.58

ANALTALT 1%

N1TAANALAABUNINIAN (Timelag)

TAARUIU-NINENT-NIAANT sz 6 Fqla
TANNINAT-AUIU-NIAENT 1lszann 6 S N
TAANIAAT-NINET-DUIY sz 3 Fql3

A1 Decrement Factor

TAARUIU-NINENT-NIAANT 1l9g3n04 0.09
TAANINAT-BUIU-NIAAS sz 0.15
TAANIAAT-NINET-DUIY 1szannd 0.46
mfaqmmﬁmmmgazgmﬁLﬁm%umﬂlmzimmmmu (Peak Temperature)
T8AAUI-NIAANT- NIRRT WAL 33.59 a9AmALEEA . (191 18.00 .
TAANIAANT-DUIU-NIQET WAL 33.91 p9AEALTEA  19a0 19.00 .
TAANINET-NIAANT-2UIU WINAL 35.50 a9ALIALTHA  19a0 18.00 .
ﬁﬁfqmmﬁmmﬁmﬂuﬂdmwma@um?ﬁ"ﬂm@mffu (Mean Temperature)
TAMRUIN-NIAGT-NIAET L 32.15 DIALTALTEIA
TANNINAT-DUIU-NIAANT LYINAL 32,64 BNANTALTEA
TAANIARIT-NINGT-2UI LI 32.36 DIALTALTEA

ANANNNLANAN TR U N N1ANNE lugaganazguunNeIn1An e lus g

(Temperature Swing)

[ %

AABUIU-NIARNT-HIAANT WL 2.84 B9ANLTIALTRIA

N

AANIAANT-BUIU-HIAANT WNNIL 2.65 B9ANLTALTRE

o]

1%

AANIAANT-NIRANT-RUIN WL 6.11 B9ANLTALTRIA
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a
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1
: 1 1 1o =
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R s - - o 1~
L d SV T E 6/0.25 24 -
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AN 4.2 N1IIATITUANFNLIZANENI0NEINANNFAUIINNABINARDLI A ULIL

HAmlannimateuen - - - nsAaANdussAEnstemeNFausIN
THuiwialefu & 5q—: E %u Tap) X/K R NHELUB
= - 1 !
“l“”m”’""mﬂui | | AasanAnneuen - 0.25 | Reuuenilen

i atla.nsueiFdgq

i ‘:. nlalnnInaa s 6/0.25 24 -
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NIUNFIAG
79U 2517

AN9NTN 4.3 N1TILATIZUANENLIZANTNT0EINANNFAUIINNADINARDL AT UAN

Hafamdanaly - - - MsAnANdNLsABnseme N FausIN
b fnfleu 6 -y | ?udf@@ X/k R NP
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. sk T T a s 6/0.25 24 -
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NIUNFIAEGQ
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MuidnusedlAndulszAvansinamanaieon = 1/24.93 = 0.04 figmeamadalug -
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asAgulast
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1 dﬁ” dl ] % % v o % v % % U
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annrATUIlULNT 3 SaanedaudAdNLlszAn

q
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Fapmagaudnunnelusiadiu 4 m1319Nm 1 61w 0.688 Tfgy/daTug-asaWisulas
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N15ATISUNDANTTHURITRANARALTUSLILUL AUIU-NIRET-NIRENT

N1SUULUREIANNS AU

Fapnaaouddnsnismisamiiananieutlszinn 6 4ol (Hanisuan-Raniel)
4o o . Y da & . ,
gadudnsngegnludagmageuionun MfuduilidesaintFuiundwnunieuanain Sol-air
temperature  NAARIANLIAABUIUTIBELNBUINGA AMNUULTUIUNANNUINYNANAIRIABE)
drudsaasneluiadupeuninaumun 8 Ul 19aans udannAReLRIANNITIELNN

dl 14 o ! ¥ 1 = a2 a ! % 1 dl %

witieniBunaannfaudinatastdeteildss@niann. dawaliszeznismisamiiannnuieu
tnszeiznanaanly

-8

dl = o 1 1 dl % d’ a .
LN@L‘LE‘EI‘LI NELUNUANTSUSEIATNTITUUINLNTED mmm@wﬁwzqimmmmm (Victor,

U2

1992:119) A¥WLFIAINITNUANLIHEIANINFaLUITARABUNTAAINNIU 8 Had N auIuuAIl

o

uanag? 5.1 4alug szaznanfinanItiaandndannaaauilenauauIuinet A uwan ey
] d” dl a a o Qll 2 1 1 % ai ¥
viuilitleslsz@vinmaesianatiwauuiitegnauena i tosanEuuAuFaudnnn

ANNALUBNAY HIAR1INe IR IANNN TR TEIAN AU AU UNINTY TE8IZNaNT

1
a1 A '8

! ! v !
Aannsntaantiannuieuludannasesdilauauiuasiiangandnfisyyinedanes

[
o

A1 Decrement factor 2849@ANARBLANIN-NIAANT-NIad T TuA A NgRlWTA

o]

NARAUNY 3 TlAIENINAINILANANNIENI WU NHIGNAALA AN AN EUBNIAAAINTaR)

q

auaundnaanunlawuugiguussmnanineinianieuan - Arsauts O luaunng
= A A A o o = a ! Iy v o o §u
A=0,/0, asddrgeluaneiia O Jemauiuiannagauan 2 9in Aeudielndineiy vl

1 !
o a 1 o

AL Decrement factor HANANNZALUNANIAANARDL

q q ]

N5 BN UNAIN UL UIAA LULARSTUADNRANARDY

U SRR 1 gaungianaaven | (RalWa) gounniianiewenzediannaeuainiil

1 1
= A

19ANUANG NN gaNNITasandanTuuangaduinaTnaa lrsunaAnauiuasiinig

D

dl [ dl Yo o A aa =X 49{
L‘]J@EI‘LLLL‘]J@\?[5]'11]Zﬁ.ﬂ’]‘W‘W@\N’]u%1ﬂi‘ﬂ@’]ﬂﬂ’mu’ﬂﬂ%u% ANARUUNNHINTEUBNAINUUGIGAN

ge
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44.62 B4ANIATHA LHANANAIRUUNRAIN Sol-air temperature grunyHiaAtAfD AT T

1
1

AeiNIzAL 32.88 BIATALTEE

kTl
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¥
=

anwurgnuuninia luduilazlguugingandnanmaiainianisuen Tudaeasn 12.00 w09
dl 1 1 aia Yo . v a

18.00 u. \Hasaneg/ludasianisuenlaiu Sol-air temperature uazlndiAssgungiannia

Aeuanludag 18.00 w.09 12.00 ©. NUTNAI9UaNN Sol-air temperature wda WnN1T swing

we9gung e luseauige TnalArnnuuAnsaesguniggauazAgaedi 17.55 896

=l
IR

G o ' dl a :’/ A a a ?:/ a’l’ = 1
e fiumted 2 grungiinneudun 2 (Wu-pewnin) gauugiuduiiaslinanuuansnain
Honeuanlutos Peak Tiv 10.89 avpumaidas Wesandanauay (Iuindalssw) Hdouan

BNBWAANN Sol-air temperature ANBENININIEAIANNANANNANUNIUAIINTBULBITART TN

Aa X o o 0w a o X A , 1y A e ~
N'ZQ‘VILﬂW’ﬂu@\iﬂ@’]QV]’]IVQMMQNJY]HSLHTHVIﬂ@@ﬂuﬂlﬁﬂqmwaﬂﬂﬂLL@E:V’\@H?J'NWQ‘V]LW]H\WNN

o

. R dl = o a Z// 1 a dl o :// dp |dl
N3 swing agiitalemauiuguumgiiuiuseld gunniieasnaeniuludutiagnszdiy 32.3

ANALTALT I

a

Anwnzgnuuginieluduiazigumnangaindigumgienianiauen lugdewnan 19.00 Wi

a

a

9.00 . wazAMNINluEI9 9.00 WA 19.00 U. AAUANAANNT swing B8y Hag lutanin

'
a o

nauenl@iu Sol-air temperature  InglAIAMNUANFNIBIGUNNEIGAUALANGABLT 2.49

a

ANANLTALTEIA

6 o ' dl a 2// dl = a i’/ d”d d‘
TR FANUAUN 3 gauunEN e TuTUR 3 (ABUNTA-ABLNTA) GEUN)N IWTUHEAINAINNAN
Auangouninieludun 2 A uuansANIzd Mg ITuiluargung R luduneunnlu

o o

WULAANNT Peak HAIANLANFANLIIZNINL 0.81 4ANGAEIA HDIAINNIAANITITANTH

o £ 4 a dal o’ Adl .é’ o [ % a dl [ % %'/ dgl |dl
Usnasnningamginneluiledanamunniuduasy  guugiiedsnaenduluduilegn

a

FLAU 32.15 a4AIALEe A

1
| a

Anwourguuginigluduiaslgningingandngamndainidanesen Tudaean 19.00 Wi

9.00 1. wazANdnludes 9.00 w09 19.00 u. gruuHAsuiepsnlngiAIANLANFNTE

a

QIUNYNANAALAZAAADLT 1.55 a4AnTalTe A

1 v ¥ v
LU SAUWLNT 4 aruuiianialu ([Hepeunss) grungi uduniidnsuzdumafudunau

b

a o

‘Wfi’]LLﬁi@ﬁitﬁUﬂlﬂﬂﬂmﬁﬂNLﬂ@ﬂlﬂ@@mﬂlu@ﬂﬂ 32.15 BNANIALTNE AINITNTTAL 31.27 B9A0

a

=
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a 1 a

o a :I/ ‘g‘/ = ell 1 =X
ansurgnuuninie lutullazlignuugingandngamaieniAnieuen Wgaeaan 19.00 W.09

a ¥

9.00 . warANgnluga 9.00 whe 19.00 u. gauuniAeuipslaadAIANLANFNTES

U
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N153LATIEANGANTTNTRITAANARALTUFLLLL NIRENS-RUIU-NIRATS

N19rULnieInNNTaU

1% =

JapnegeLiannIawiaannNFautsranns 6 falne (Baniauen-Aaniel)

q

1
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Fafludnagega luiagmasauiaruaunediUTagMAGELAUIN-NIadT-NIads Tl

u 9
¥ 1
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Wt FNI AN TEUAINA1989BNATY denaliszeznismiaamiianmnuieutia

sveizinanaan

A1 Decrement factor 4843aRNAABLNIAANT-RUIN-Hoad T uATunansludan
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N15LATIEUNG ANTTNTRITAANARALTUFLLLL NIRRNS-NIRRIS-RUIY
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