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PROPERTIES/ RELATIVE HUMIDITY/ TEMPERATURE

NANTAREE HUNHIANG: THE STUDY OF PHYSICAL PROPERTIES FOR

RELATIVE HUMIDITY AND TEMPERATURE IN THE BHUTAN OYSTER MUSHROOM
CULTIVATING CEMENT ROUNDS BASED ON THE POT-IN-POT REFRIGERATOR
MODEL. ADVISORY COMMITTEE: ATTAPOL CHOEYSUPPAKET, Ph.D. 100 P. 2016.

The purpose of this research was to design and build the Bhutan Oyster
mushroom cultivating cement rounds based on the pot-in-pot refrigerator model,
and study the physical properties affect on relative humidity and temperature of the air
in that cultivating room, by compare calculated temperature in the cultivating room and
suitable temperature for growing the Bhutan Oyster mushroom. Then we grow the
Bhutan Oyster mushroom in two type cement rounds cultivating rooms, based on the
pot-in-pot refrigerator model and normal model, using 34 infection Bhutan Oyster
mushroom bags. So we collect data of relative humidity and temperature in both
cultivating rooms, as well as harvest all mushroom to measure their mass, for 60 days,
to analyze and conclude this research.

We consider 2 parts of the results. 1) Before the Bhutan Oyster mushroom
cultivating, relative humidity and temperature in the cultivating cement rounds based on
the pot-in-pot refrigerator model that we designed and buiilt, is in the appropriate range
for the mushroom growing. And that values accordance with the theory of pot-in-pot
refrigerator model. 2) During the Bhutan Oyster mushroom cultivating, relative humidity
in normal cultivating room is lower than the appropriate range for the mushroom
growing, at noon every day. And there are more fluctuations than in model cultivating
room. As the results, we harvest all mushroom from model cultivating room 5 times,
total mass is 7,655 g, mass per bag is 255.15 g. Although, we harvest all mushroom

from normal cultivating room 4 times, total mass is 5,583 g, mass per bag is 164.21 g.
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2 19219 AR N1INIAMNEFRULLILETTNTNRVTARLLB45Y (Natural or Free Convection) WAz
N1INIANNFRULLLLTNAL (Forced Convection)

a

TunistnaleupnuFauiiiasainnisnimanuiauainioresudsnum A gomni

o Ty wnuzaediialuadiudaannuiio u, uazgmuuni T, Asda dasnnsnianuieuas

duldmungnisinlsiifiusaasaesiiafiu (Newton’s Law of Cooling) Asaxng

Qconv = hAS (TS - Tw) (4)

ﬁuﬂ@zﬁmaﬁ(mimmm%’@u%u@guiﬁummﬁm@mﬂmLmzﬁﬂwmzqumm
An7lva FeaniRresredluaasldun anwiinanudau (Thermal Conductivity: K )
ANHUULUL (Density : p) mwwﬁmz‘@uﬂmﬁ(Dynamic Viscosity : ) ANHNFAUANNNE
(Specific Heat : ¢,) wazduilsz@nannsuenasai@eiiunng (Coefficient of Volume
Expansion: f)

Prandtl Number tHugRa149132 13 198N TWUN SN TN UANFAR AN TNLNTNS

ANERL ASANNNT

pro¥ _ Hp _ K )
a K/ipc, k

wuunnsagesresluatanansainaInAn Reynolds Number @awfludmandauas

LFLRDLAALIIIAIRANNANNNNLA ATNANNIT

Re =Pl _Ule )

7 1%

pef U Aa ANITIRIas A (m/s)
¢, 7B ANENANATY (M)

= = - ) . . . 2
v AR ANNNLARAL (Kinematic viscosity) 1837841148 (Mm’/s)
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Gr:%@‘w (7)
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Pr D ()
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14 (°C)
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Greek symbols
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eff naenilan
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v laun
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0
—>| < | b,
—> < i
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> Qload H
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I |
Wet Sand — '

Insulator/

AT 4 WUURNAAULRAWAL AN (FaLLlasann Date, 2012)

AN Date (2012) THAN®HINNsNERTIAdEN19N1ENINTNAGLANNNITN NI UBE

nifamuAUANNiY TdasuNeNeAN1aNTTaUE (Coefficient of Performance) lunnsansaun

! % o [~3 AJ =K dal 1 ¥ K ¥
nstnalauanfausesscuun ANy adlunisdneiliaunsamunn Q, 16 &sld

ANLIEANTNINGUUNAIR (Thermodynamic efficiency) N1T98NATIUN AYANNNT
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xXm
COP = Qload — qload food (15)
Qin Qin
T, =T
e =<1 (16)
T Ty,

dl A a QI %4 A a 901 % dl o 4
bNB TOO ARRUUNNNTANAILIANDN LA po ﬂfa@muqu@qmmmmmmmimmﬂ

ANNANNUSASIUNIARYWIN (Wagner & Pruss, 1993 cited in Date, 2012)

i — A _w o0

! m

| N

| Sand + Water |

! T - Ty Stagnant

i cold /TI To

' Surrounding
Symmetry Transferred .

. Considered

| Substance

! Q Phase

! load 1 Phase |

: <— _ |(m,+9A)

' QL an + Qrad

i - M W 0

AINT 5 LULRNA9NT AT LA (Al adann Date, 2012)

=2 o [ ) o ¥ = '
uazlunnsFnEIANNANRUSITINS A TUaRS 7, WAL T, ACABIANEIAN

winfwmafieanungu fa anngluganden (T,, @) smwnevewmdedy (r,r,H,b,b,)

i770" 1M Mo

aa

wazanTAdgnwatnaecdns (ky,Ky o, a,, &) FaaunIg

3

[nth’Tcold]: F{(Tw,q)w), (ri 1 To H’bifbo)’(kcl Ko 2 ,ao,g)} (17)

Tun13ANENT HaNNFAgIUAINRaNN1Ta RN HNIAUAT HASW AanRdesiL

% a

LLUU’%’]@@\‘Iﬂ’]ﬂM@‘H@Q L?Fﬁ%@ﬁLL@Zﬁﬂ{]“H‘N ﬂ’]ﬁ %Q@ZW@QWQ’]?M’]@F}?’]W]???JLMEI‘I.I@QI‘:&’]

6

TUNIUIATNII RN FBINT
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AngINsziEmagunfIngn (M, ) Aauinaadasiu 1) anawnistnanaiay
sesuiiRumien (k, ) uasnaedonieglusawmau (ke ) 2) Anssumiunisdiale
¥ 4 X o X da v o o a £ ' Py
powFauINIUTUNWNRRemdaduuen (A)) wazArdnilss@nsnistneTaumanuen
neuan () 3) anwnisinlanseanaesniliiumian (K, ) 4) dudsc@nsnistnalow
W98 Uaz 5) duilse@nsnisunssdannfeurasdeny (g)
AINNANNTNUANNTaYINITNIAAIUTL 1N-110 T5UINANIIT W-w LAY 00-00

aylpan

gA®, . +m, =(m, + A ), (18)
= A o Y 2Ry o v o o v
We @, AadndquNaalatin AsldIndndaunnarasanniAusieLily 0, =1-o, @mgﬂimﬂu

d" a,, —a,,
m, ., = 9A, xB LA B=————+ (19)
‘ o, . —1

A

\ , ; ,, — O,
Fen B 91 Spalding number e B = Y2 VW
®,, —1

dl 9(; dl a Z’/ a a
LL@uu@m’mlmxuummﬂ—%m NLPINANTUIRUNARTLAYE Le=1 (an N

ANTLNFUBIANNFDUINAUANINANTUNIUBINIA) A981NN9DLszH A FNU 32 ENE

nstnglaunng g ldanAdudss@nsnisnianufeusssnais o, A9l

g=—2o (20)
Cp,

luannnsfi 20 saves m fvuadn Mym AANIANUANNTEYINENIR il
TunnsAuanimiAn Cp,, P 1 FRINITLAN TR @, ANNITANUIAIANENAUS
AtmualilunnAuan (Wagner & Pruss, 1993 cited in Date, 2012) WaTNITLA1LY @, ,
ANNNIAIEI AN AT UE AR MUl AN AN (Crawford & Kays, 1993 cited in

Date, 2012) Wansu T,
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RAsUNANMANNN9aRINENIATe9T- 1o1n Nagszudeudaduueniu

AUINFBH (AN19T W-w UAY 00-00) ANNNGB4A§T azldannialy

mW’m _ (PwkpAo Pa ][ Ph/2 B pw,sat] (21)
Hab, P.  Pa
e Py /P, =1+0.05H Aamu p, =10 m-H,0

pw,sat/ pa = vw/(0622+0378a)vw)
KH = kp pa/luwbo

it 0 K, A (L+0.05H) Do
ein = : - :
wm = Pult 0.622+0.378a, ,
KA 0.622(1+0.05H ) +(0.0189H - 0.622)w, ,, o)
~ Pulu 0.622+ 03780, ,
el lugtihaaiusdluasmiilu
My, = gA, x B
18 g+ _ Puku 0.622(1+0.05H )+ (0.0189H - 0.622)m, ,,
[T LA = -
g 0.622 +0.378a, ,
1 ]0.622(1+0.05H)+(0.0189H —0.622)a, ,,
Bi_ 0.622+0.378w,
.z . (0.622-0.0189H ), , —0.622(1+0.05H )
N1 ’ (23)

" (0.622-0.0189H )@, , —1)- Bi,, (0.622+0.378a3, , )

\Hanansudn Bi, = g/(p, Ky, ) ueniiladnistralaunas
RANTANUAN NN ENATWTIRYeNA-Tati Nagszudendaduwandiu

AuaARaN (R w-w ay 00-00) azlaannigilu
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gAb hoo + mthw = Qrad +an + (mw + gA\) )hw (24)

da h,,, =Cp, (T, — T ) duewiatlvesansfigndralen (1) luan1az w way Q,,, M

ref

A % dl 1 dl 1o al % a o o
Q,c ABANTEUNINETaUNEIINNTUNTRUAZNIINIAINTRUTITUTNR ANNATFL
T UeRERAN AMNUANNIaRTNINAINUIB48INA-1e1N F8NINRT 00-00

waziia M-M azldgunisiilu
gAh, +mM,hy, +Quqy =Q + (M, +9A N, (25)
dle hy, =Cp, (T, —T. ) uaz Q_ Aamsharudeuludunseden
NENNIT (20) oA, (h, —h, )=, (", —hy) = Quag = Que

AMNANNIT (21) Qload _QL = (mw + gA) )hw - gA\)hoo - mth
= n.’]w(hw - hM )+ gA\)(hw - hoo)
= rhw(hw - hM )+ n.‘]w(th - hw)_Qrad _an

@Qiﬁd’] Qload _QL = I'ﬁw(hMW - hM )_ Qrad - an (26)

Ti _To
2 j_ Qrad - an (27)

= mWpr (Tw -

dl a o % o P
Waa1suIN19nAMNTa U UL I LLNUTR9] mqgﬂm\m?zmn @51@ i

keff A
Qioad —QL = {W}(TI _To)

Ti _To = (Qload - QL){%QAZH)} (28)



dl a o v [ dl dl v |
LL@zLﬂJﬂW@W?mqﬂW?uqﬁQWN?@usLu?Zﬁ‘LIULLﬂu“ﬂﬂQ')ﬁ]qgﬂWﬁ\‘l’&LV@ENHN@WT] @va@Lﬂu
b,
_TW :( load QL){k
CIA\)

ANUIU 9NANNNT (28) LAy (29) agle

1| b (/)|
Ti Tw_{kCIA)-I_ keffAi :|( load QL)

WAZIINANNNT (29) WAL (30) Aslé

(Ti+T,)_ | 2b, _ xin(r,/r)
Tw ( 2 )_ |:kC|A)+ keffAj :|( load QL)

Lmumﬂu@um?m (27) azls

o m,Cp, | 2b, In(ro/ri) b
Qioag —QL = (Qrad +Q”°)|:l+ 2 {kdpb ’ Kerr A }}

Tunuaadeniy n19anelauANFaunuin S-S Aa

Teos = Ti :%{i*‘i}
A la Kk

29HANNTT (30) hay (33) Agls

— —M i i bo riln(ro/ri) _
R LﬁmHmM e A }( =)
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WNUANANNNT (27) kA (30) luannng (34) azle

b rIn(r,/r
cold _Tw:_ e — + - (O/I) ><(Qrad-'_an)
kcI A\) keﬁ AI
o (35)
x| 1+ mepw 2bo + rl In(ro/ri) + Qload |:i+£:|
2 kcIA) keff Ai Ai al I(cl
anving 1annIg (24) ¥ M, AINUANNNIBLFNENAIY
mwe — Qrad +an + gA) (hoo B hw) (36)
’ th - hw

hoo = Cpa (Too - Tref )+ l(va Cpa )( ref )+ ﬂ“ref
hw = Cpa (Tw - Tref )+ [(va - Cpa )(TW _Tref )+ ﬂ’ref
h w pr(Tw _Tref )

waz A, =2,503 kJ/kg ApANFaULENI8N IR T, =0 °C

2.4 AAWN3A (Concrete)

paunas Wwiaguanntonldlununea¥slsznauson 3 dounan e YJutiuus

[ %

v 1
ARWAN (111 AU 918 WiTa N9aR) uazi Taganaaziansedmuiadnlldwiunuanis

AU IenaNaTapaunsnazdfaed e o) eiuavdmuiasinUisemiaai deriu

v
= v o o

TudnenuznFandinglamsdu nadiuufazEudusiafusanauLazidasio faluanusil

q

1 %
=

AEigNFENIUIIAIUNTA ANTNLINLINTBIABUNTAALANTUEEE 7] MASAINTINAN UATEN
% 1
WA9LI9TUNNEPAIANNNTUEeF TRetsr i raIanudasiandn 28 Ju AdNLTaLINALE
4
AN
2.4.1 AUANTTRUBIABUNIA
ADMANTAVANIIARUNTAABNITFULIIEA TUIDIETIAINAINNIDFLLIIAY

9/0‘ o 'Y Y V% = o =2 P4 QI =3 %
VLﬁﬁl’]ﬂ‘i‘ZN'?m 10% LRI Lmemmmﬂuﬂ@ummmwmmmeimmmqummmu
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o oA & | e = ~ ~ o
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1 ¥
o o
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o

a

Nguugi 20 °C AAUNTANANMUILLL (Density) p = 1,900-2,300 kg/m”
fianuiausunig (Specific Heat) ¢, =879 Jkg-K Hanmnstiiaanuian (Thermal
Conductivity) k =0.814-2.120 W/m-K BATHANINNNTUNINIANNTDY (Thermall

Diffusivity) & =4.9-6.97 m’/s
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AAENIRVANIBIARUNTAABNT9TLLINEAEY TuaneNaunInFuusan s
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(Usznnns 10% 1au398n) Inaiiasainisliraunsnannsndinsema azinisdiudanou
P = d ! = a & = Py & o o
Wl lupeunialagas3andn ARURTALETNLIN YTDARUATALETNMANTITaNAY
(Tnenadnusesiannan) danmaitazdasiuussnenielunraunss Swnulasaaineenaisdou
TunjfanldraunTmainusununaaunssailaes
d” 1 v o a waa] dl =l 1 al 3 o 1
wananRlaunedi1egalinis1E3ann Bandn peunIndaws Inenanisldws

Wl lupauninuaadsanuaaniain sy Ieaiatin 11w usanlddnld lupaunss
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2.5 Wiaueruaziinusinngu

WinueAN (Phoenix Oyster Mushroom) i‘%@m Vaﬁﬂ Sajor-caju %@%mmmm%
Pleurotus sajor-caju (Fr.) Sing Ha9asTinuLLNAN (Heterothallic) ANHnizdtuguaeiiin
warazdsynavldfradiuresuuanaen (Cap) finumen (Stalk) ATLABN (Gills) wazidule
(Mycelium) 2unadu[ugueinangtlszains 3-6 cm Hfinunenlianna (Eccentric)

aanaenilunaninaaviaungu atlefreaiatauintlszann 3.5x8.6 um” Wuiiaid
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o

dl dl o | < a 1 a a o A | < dla
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4 = | a v oy oa ¥ 9y 9 X A 4 %
N visatasaaesnie 1w Ausiulinanauds Wi wnduis Bides wisasing o) Tl
azgnwinasiasaans inseuanginanaiiluanstuvediulliumu (@usuinwiziiaumi
Uszmalne, 2542, wil 40) WwalAuialdifauanluiEnameniAtulaz iy panvingd
a =KX A %’ | d” oAl ’01 v a =)
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=
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1 1 1
Nl 6 WinweiggunasyiuinaIngude (aaunemnsquaing, 2556)
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& = e . @ A a a c A = o
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atasnisnnasusan Wealasunfazgnilaessanyn Wallaniuuimuizanaziasny

Tiluduleduusn (Primary Mycelium) wild@anunsawmsnmnuealuifuduladui 2
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ANAIA 9.800 8.051 0.000
T_00 0.669 0.832 | 26.518 | 0.000
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F-value, F-prob 3158.177 | 0.000
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Std, err of estimate 0.287




54

ANATNN 4 NANIINARDLAIEIANADA F-test AREATILAIITANNLLITLTY
NezdutiadnAty 0.05 (A918AzR8A TUANANLAN 1) WU T_oo Lay D _oo Haninase

T_cold_m (F-prob = 0.000) Tnainisaassnulsainanalanu&uwusiu T_cold_m luszau

v v
o A

ADUAN944 (R = 0.987) uavazadnasansilasuuilased T _cold_m 0 95.7% 3t
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T_cold_m = 9.800 + 0.669 T_c0-0.032 ®_oo (37)
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Std, err of estimate 1.753
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1%

o X P o o o X
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ANNNIANEAN N-1 HALesaInnITulsan @ uas T,

68

Teo=20°C T =25°C Teo=30°C T =35°C Teo =40 °C
O, (%)

Teaa CO My [ Teaw O My | Teow (O | My | Teow CO | My, | Tes (O] M,
24 12.6460 |0.3471|14.5489 |0.4754|16.1481 |0.6078[17.4293 |0.7441|18.3769 |0.8845
30 13.6567 |0.3503|15.8461 |0.4871|17.7855 |0.6268|19.4576 |0.7696|20.8433 |0.9160
36 14.6578 |0.3440|17.1253 |0.4885|19.3920 |0.6344 [21.4363 |0.7827|23.2343 |0.9340
42 15.6503 |0.3268|18.3874 |0.4786|20.9689 |0.6301(23.3673 |0.7829|25.5535 |0.9385
48 16.6358 |0.2964|19.6339 |0.4553|22.5176 |0.6119(25.2529 |0.7689|27.8046 |0.9284
54 17.6164 |0.2484|20.8668 |0.4148|24.0405 |0.5763(27.0958 |0.7371{29.9916 |0.9007
60 18.5954 |0.1754122.0892 |0.3501|25.5407 |0.5167(28.8998 |0.6816|32.1197 |0.8496
66 19.5779 |0.0644|23.3059 |0.2490|27.0232 |0.4215(30.6705 |0.5911|34.1955 |0.7646
72 24.5255 |0.0877|28.4966 |0.2678|32.4170 [0.4435|36.2287 |0.6247
78 29.9771 ]0.0054|34.1558 |0.1907|38.2366 |0.3842

AN9NNIANLAN N-2 HALe9aINNITiilsAn Q,,, 1A T, (ref) =30 °C

QLoud O, =33%| ©®,=41%| ®,_,=49%| ®,=57T%| ®,=65%| ®,_ =73%
(W) Tow | Mo | Tow | T | Toow | T | Teots | 70 | Toorr | 0 | Toors | 7n

7 |17.7046]0.6813]19.7894|0.6942|21.8184|0.6876|23.7946|0.6556|25.7235|0.5847(27.6155(0.4429

8 118.0006(0.6649(20.0956|0.6734/|22.1367|0.6608(24.1275(0.6204|26.0747|0.5367|27.9911|0.3732

9 [18.2965|0.6485|20.4018|0.6525|22.4549|0.6341|24.4603|0.5852|26.4259|0.4886(28.3667|0.3034

10 (ref)18.5925|0.6321|20.7080(0.6317|22.7732|0.6074(24.7932|0.5501|26.7771|0.4406(28.7423|0.2336

11 118.8885|0.6157|21.0142(0.6109|23.0914|0.5806|25.1260|0.5149|27.1283|0.3926(29.1179(0.1639

12 119.1845|0.5993|21.3204(0.5901|23.4097|0.5539(25.4589|0.4798(27.4795|0.3446|29.4934|0.094 1

13 ]19.4804|0.5829|21.6266|0.5693|23.7279|0.5271|25.7917|0.4446|27.8306|0.2966(29.8690(0.0243
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ANWNIANUAN N-3  HALasanNNIsulsan ky, (W/m-K) #iFn T, (ref)=30°C duiu

Qload =

10 w

keff

@, =

34%

D, =

42 %

@, =50%

@, =

58 %

D, =

66 %

@, =

74%

(W/m-K)

T

cold

M

T

cold

M

T

cold

T

T

cold

T

T

cold

n

T

cold

T

1.0
1.5
2.0 (ref)
2.5
3.0
3.5

16.6951

18.8598

20.1587

21.0246

21.6430

0.7562

0.6332

0.5593

0.5101

0.4750

19.1192

20.9689

22.0787

22.8186

23.3470

0.7592

0.6301

0.5527

0.5011

0.4642

21.481

23.028

23.956

24.575

25.017

0.7359

0.6023

0.5221

0.4686

0.4305

21.2738

23.7865

25.0429

25.7967

26.2993

26.6582

0.9503

0.6766

0.5398

0.4577

0.4030

0.3639

24.0858

26.0441

27.0232

27.6107

28.0024

28.2821

0.8375

0.5602

0.4215

0.3383

0.2829

0.2433

26.8394

28.2719

28.9882

29.4179

29.7045

29.9091

0.6131

0.3352

0.1963

0.1129

0.0573

0.0176

ANWNIANUAN N-4  HaLasannIsulsan K, (W/m-K) fien T, (ref) =30°C duiu

Qload =10 W

k

con

D, =37%

O, =45%

@, =53%

®, =61%

D, =69%

D, =77%

(W/m-K)

T

cold

Mn

T

cold

M

T

cold

n

T

cold

T

T

cold

n

T

cold

M

0.73
1.23
1.73 (ref)
2.23
2.73
3.23

17.9749

19.1577

19.6568

19.9321

20.10646

20.2270

0.7378

0.6652

0.6346

0.6177

0.607C

0.5996

20.3679

21.3375

21.7466

21.9723

22.1153

22.2140

0.7270

0.6538

0.6229

0.6059

0.5951

0.5877

22.7009

23.4657

23.7884

23.9664

24.0792

241570

0.6859

0.6140

0.5837

0.5670

0.5564

0.5490

24.9802

25.5489

25.7888

25.9212

26.0051

26.0630

0.6004

0.5324

0.5038

0.4879

0.4779

0.471(Q

27.2173

27.5992

27.7603

27.8492

27.9055

27.9444

0.4400

0.379¢4

0.3541

0.3401

0.3312

0.325(¢

29.4368

29.6421

29.7288

29.7766

29.8069

29.8278

0.1256

0.0798

0.0605

0.0498

0.0431

0.0384
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cold

1A I‘” Tcof ‘o D, (%) e a1 I‘” TCOLd 0| @, | Pug

("C) |ngm]) |9 (%) ("C) |vqmd [n3dm| (%) (%)
08:34 | 30.1 279 | 813 | 86.3 |10:34| 316 | 28.7 294 | 68.1 | 759
08:39 | 30 28 | 81.2 | 8563 |[10:39 | 31.8 | 298|295 | 714 | 776
08:44 | 30.1 28 | 80.9 | 853 |10:44 | 319 | 28.7 295 | 67.7 | 757
08:49 | 30.1 28 | 814 | 859 |10:49 | 32 |289|296| 675 | 776
08:54 | 30.1 28 | 79.6 85 10:54 | 32 |28.3|29.7 | 653 | 74.1
08:59 | 30.1 2811 79.8 | 851 |10:59 | 32.1 | 28.5|29.8| 65.7 | 73.9
09:04 | 30.1 28.1| 783 | 842 | 11:.04| 322 | 284 |29.8 | 65.1 | 74.1
09:09 | 30.2 |30.1 (282 77.9 | 842 |11:.09| 324 |28.8|29.9| 659 | 74.2
09:14 | 30.2 | 30.028.2| 77.3 83 11:14 | 325 | 282 | 30 | 635 | 734
09:19| 30.3 |30.2 | 283 | 77.7 | 844 | 1119 | 32,6 | 28.1|30.1| 63 72.5
09:24 | 304 | 30.0|28.3| 76.7 | 83.1 | 11:24| 326 | 274|302 | 60.4 | 70.5
09:29 | 304 |30.7 | 28.4 | 79.4 | 83.7 | 11:29| 326 |27.8|30.1| 61.8 | 71.4
09:34 | 305 | 29.7 | 285 | 754 | 83.2 | 11:34| 32.7 | 28.2|30.1 | 62.9 73
09:39 | 306 | 298|286 | 753 | 824 |11:39 | 32.7 | 28.2|30.1| 63.2 75
09:44 | 30.7 | 29.8 | 28,6 | 74.8 81 11:44 | 329 | 27.7 | 30.1| 60.8 | 71.9
09:49 | 30.7 |29.2 |28.7 | 727 | 80.2 | 11:49 | 329 |28.1|30.2| 62 72
09:54 | 308 |29.2 |28.7 | 724 | 788 | 1154 | 33 |27.9|303| 612 | 716
09:59 | 309 |29.1 (288 | 71.7 | 785 |11:59| 33 |27.7|30.3| 60.5 | 72.6
10:.04 | 31 [1292]289| 715 | 80.5 |12:04| 33 |27.9|30.3| 61.1 71.5
10:09 | 31.1 | 291 29 | 70.9 80 12:.09 | 33 [28.1130.2| 619 | 728
10:14 | 312 1288 | 29 | 694 | 773 | 1214 | 33.1 | 283 |30.2 | 623 | 74.6
10:19 | 31.3 1298|291 | 729 | 79.7 | 1219 | 33 |28.1|30.1| 616 | 729
10:24 | 314 1294|292 | 713 | 779 | 1224 33 |28.1|30.1| 616 | 726
10:29 | 316 | 285|293 | 673 | 759 |12:29| 33 |28.6|30.1| 634 | 752




ANFINNIANUIN N-5 (51)
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198 Iw Tcof ‘o D (%) Pt 1981 I‘” Tcof 0 | @, | Pu

("C) |nug) [n19dnm (%) ("C) |vqed [nadm| (%) (%)
12:34 | 33 288|301 | 643 | 774 |02:34| 33.2 | 283|299 | 621 | 757
12:39 | 33.1 | 28.7]30.1| 63.8 | 77.4 |02:39| 33.1 |27.9]|29.9| 61 74.6
12:44 | 331 | 28.6|30.1| 633 | 76.6 |02:44 | 33.2 |28.1|29.8| 61.5 | 755
12:49 | 33.1 | 286 |30.1| 63.3 | 76.7 |02:49 | 33.3 | 282|299 | 615 | 74.1
12:54 | 332 | 285|302 | 628 | 78.7 |02:54 | 333 | 280 | 30 | 60.8 | 73.4
12:69 | 33.3 | 28.1]30.2| 613 | 721 |02:69| 334 | 276 | 30 | 59.1 72.9
01:04 | 33.3 | 271303 | 67.7 | 70.9 |03:04| 33.5 [28.2|30.1| 60.9 | 74.1
01:09| 335 |27.7 304 | 59.1 | 717 |03:09 | 33.5 |28.1|30.1| 60.7 | 73.9
01:14 | 336 | 272|305 | 574 | 694 |03:14| 33.5 | 27.8|30.1| 69.7 | 73.3
01:19| 336 |27.3|30.5| 57.6 | 73.6 |03:19 | 33.6 | 28.3|30.2| 61 73.8
01:24 | 336 | 27.6 |30.5| 68.7 | 724 |03:24| 33.6 |28.0|30.2| 60 73.3
01:29 | 336 |27.3|30.5| 57.7 | 68.8 |03:29 | 33.6 | 28.0|30.3| 60 73.2
01:34 | 33.6 | 27.6 | 30.6 | 58.8 71 03:34 | 336 | 279|303 | 59.6 | 71.4
01:39| 336 | 276 |30.6 | 58.8 | 69.4 | 03:39 | 33.6 | 28.3|30.3| 61 76.3
01:44 | 33.7 | 27.7 | 30.6 | 58.8 | 704 | 03:44| 33.6 |28.0 | 30.3 | 60.1 73.2
01:49 | 338 |27.5|30.5| 57.9 | 69.8 | 03:49 | 33.6 | 28.1|30.3| 60.4 | 73.9
01:54 | 33.7 | 279|306 | 59.6 | 714 |03:54 | 33.6 | 28.6 |30.2| 62.1 75
01:59 | 336 |28.2|30.5| 60.7 | 72.7 |03:59 | 33.6 |28.5|30.2| 61.8 | 76.1
02:04 | 336 |28.4|30.4 | 61.3 73 04:04 | 336 | 28.6 | 30.2 | 623 | 75.7
02:09| 335 |28.1(30.3| 60.6 | 73.2 |04:09 | 33.6 |28.6|30.1| 623 | 75.3
02:14 | 335 | 283|303 | 61.4 | 728 |04:14 | 33.6 | 28.4|30.1| 61.6 75
02:19| 3356 | 283 |30.2| 61.3 | 73.2 | 04:19 | 335 | 285 |30.1| 622 | 77.1
02:24 | 334 |28.2|30.1| 614 | 73.3 |04:24| 335 |28.7|30.1| 62.8 | 76.1
02:29 | 33.3 | 28.1130.1| 61 74.8 10429 | 335 |28.7]30.1| 63 76.1




ANIINNIAKNUIN N-5 (5iB)
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198 Iw Tcof ‘o D (%) Pt 1981 I‘” Tcof 0 | @, | Pu

("C) |nug) [n19dnm (%) ("C) |vqed [nadm| (%) (%)
04:34 | 334 | 287 30 | 63.1 | 763 |06:34| 324 | 31.1| 29 | 745 | 87.2
04:39 | 334 |29.0 299 | 63.8 | 782 |06:39 | 324 |30.1| 29 7" 84.1
04:44 | 33.3 | 294299 | 65.7 | 78.7 |06:44| 323 | 30.0|28.9| 70.8 | 83.3
04:49 | 33.3 | 293 298| 654 | 783 |06:49 | 323 |29.1|28.9| 67.4 | 813
04:54 | 332 |29.029.7 | 648 | 795 |06:54 | 32.1 | 29.7 | 288 | 70.1 | 823
04:59 | 332 |29.0 | 29.7 | 648 | 789 |06:59 | 32 |29.6|28.7| 70.1 | 827
05:04 | 33.2 | 2911296 | 649 | 795 |07:04| 32 |29.8|286| 71 83.7
05:09 | 331 |29.2 296 | 655 | 794 |07:09| 319 | 299|286 | 71.6 | 84.6
05:14 | 33.1 | 296 | 29.6 | 67.2 80 |07:14| 319 | 296 |28.6| 70.5 | 853
05:19| 33.1 | 30.1 295 | 68.8 | 81.6 |07:19| 31.8 | 29.7 285 | 71.3 | 84.6
056:24 | 33 299 |295| 684 | 813 |07:24| 31.8 | 298|285 | 71.7 | 85.7
05:29 | 329 | 3111295 | 73 82.1 | 07:29 | 31.7 | 29.0| 285 | 68.7 | 85.1
056:34 | 329 | 31.3 294 | 74 83.3 | 07:34| 31.8 | 30.0 285 | 72.3 | 853
05:39 | 328 |30.9 (294 | 727 | 842 |07:39| 31.8 | 304|285 | 73.8 | 87.2
05:44 | 32.8 | 30.1 293 | 73.3 | 845 |07:44| 31.7 | 295|286 | 70.8 | 83.6
05:49 | 328 | 30.9 | 29.3 | 72.6 84 07:49 | 31.7 | 29.4 | 285 | 70.2 | 834
05:54 | 328 |30.5 293 | 714 | 843 | 0754 | 316 | 296|284 | 714 | 85.1
05:69 | 32.7 | 312293 | 743 | 842 |07:59 | 31.6 | 294|284 | 70.5 | 84.2
06:04 | 32.7 | 31.129.2| 73.6 | 84.7 |08:04| 316 | 293|284 | 70.2 | 828
06:09 | 326 |30.829.2| 729 | 86.5 |08:09 | 31.5 | 30.0|28.3| 69.3 82
06:14 | 326 |30.7 | 29.1 | 726 | 852 |08:14 | 314 | 286|283 | 68.1 | 81.2
06:19 | 326 | 30.8 |29.1| 73 86.1 | 08:19 | 31.3 | 28.9|28.2| 69.4 | 8138
06:24 | 325 | 30.8 | 29.1 | 73.1 85.5 | 0824 | 31.2 | 284 |28.1| 68 80.5
06:29 | 325 | 3121291 | 748 | 869 |08:29| 31.2 286 | 28 | 68.8 | 81.2
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198 Iw Tcof ‘o D (%) Pt 1981 I‘” Tcof 0 | @, | Pu

("C) |nug) [n19dnm (%) ("C) |vqed [nadm| (%) (%)
08:34 | 311 | 286 | 28 | 69.1 | 81.7 |10:34| 30.3 | 29.1|275| 73.6 | 847
08:39 | 31.1 [ 289|279 | 70.1 83 10:39 | 30.3 | 291|275 | 73.3 | 84.3
08:44 | 31 291 1279|712 | 852 |10:44 | 30.2 | 294|275 | 745 | 85.6
08:49 | 31 288|279 70.1 82.6 | 10:49 | 30.2 | 29.1|27.5| 734 | 84.6
08:54 | 31 |28.7279| 697 | 823 |10:54 | 30.2 | 294|275 | 74.8 86
08:59 | 30.9 [289 278 | 70.7 | 828 |10:59 | 30.2 | 293|274 | 742 | 856
09:04 | 30.9 | 288 |27.8| 70.4 83 11:04 | 30.2 | 295|275 | 749 | 853
09:09| 309 | 289|278 | 70.6 | 829 |11:.09 | 30.1 | 292|274 | 745 | 84.38
09:14 | 30.8 | 29.0 | 27.8| 715 | 843 |11:14| 30.1 | 294|274 | 752 | 855
09:19| 30.8 | 289 |27.7 | 71.2 | 83.1 | 11:19 | 30.1 | 295 | 27.4 | 75.7 86
09:24 | 30.8 | 294 |27 7| 729 | 854 |11:24| 30.1 | 293|274 | 75 85.9
09:29 | 30.7 | 291 | 27.7 | 722 86 11:29 | 30.1 | 296|274 | 759 | 86.5
09:34 | 30.7 | 29.2 277 | 727 | 851 |11:34| 30.1 | 296|274 | 76 86.3
09:39 | 30.7 | 295|277 | 73.8 | 86.7 |11:39| 30 |29.4|27.4]| 756 86
09:44 | 30.7 | 29.7 |27r.7| 744 | 86.8 | 11:44| 299 | 294|273 | 76 85.9
09:49 | 306 | 296 |27.7 | 747 | 864 |11:49| 29.9 | 296 |27.3| 76.7 | 855
09:54 | 306 | 29.6 |27.7| 744 | 859 |11:54| 299 | 295|273 | 764 | 859
09:59 | 306 |29.7 | 27.7 | 75 86.5 | 11:59 | 29.9 | 295 |27.3 | 76.6 86
10:04 | 30.6 | 29.7 | 27.7 | 748 | 86.4 |00:04 | 29.9 | 29.3|27.2| 756 86
10:09 | 30.5 | 296 |27.7| 748 | 86.3 |00:09| 299 |29.6 |27.2 | 769 | 87.2
10:14 | 30.5 | 29.0 | 276 | 726 | 845 |00:14 | 299 |29.7 | 272 | 77.1 | 86.9
10:19 | 304 | 294 | 276 | 744 | 859 |00:19| 298 | 295|272 | 76.7 | 86.3
10:24 | 304 | 29.1 | 27.6 | 73.1 84.6 | 00:24 | 29.8 | 295|272 | /6.6 | 86.5
10:29 | 304 (292|276 | 73.5 | 848 |00:29 | 298 |29.7 | 271 | 77.7 | 87.8
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198 Iw Tcof ‘o D (%) Pt 1981 I‘” Tcof 0 | @, | Pu

("C) |nug) [n19dnm (%) ("C) |vqed [nadm| (%) (%)
00:34 | 298 | 29.7 | 272 | 774 | 876 |02:34| 295 [ 293|269 | 77 86
00:39 | 29.8 |29.7 | 271 | 77.5 87 02:39 | 295 | 293 269 | 77 86.1
00:44 | 29.8 | 298 | 27.1| 77.8 87 | 02:44 | 294 | 2911269 | 76.3 | 85.1
00:49 | 298 |29.7 (271 | 774 | 876 | 0249 | 294 | 289 | 27 | 758 | 85.2
00:54 | 29.7 | 294|271 | 76.7 | 86.4 |02:564 | 29.4 | 29.0|26.9 | 76.2 | 84.6
00:59 | 29.7 |29.7 |27 | 77.7 | 87.7 | 0259 | 29.4 | 29.0|26.9| 76.1 | 84.6
01:04 | 29.7 | 296|271 | 776 | 87.2 | 03:04 | 29.4 | 29.1|26.9 | 76.6 85
01:09 | 29.7 | 296 | 27 | 774 | 86.7 |03:09| 294 | 293 | 27 | 774 | 85.2
01:14 | 29.7 | 296 | 271 | 776 | 871 |03:14| 294 293 | 27 | 774 | 856
01:19 | 29.6 27 | 786 | 879 |03:19| 294 | 293|269 | 774 | 854
01:24 | 29.6 271|784 | 879 |03:24| 293 |293 (269 | 776 | 854
01:29 | 29.6 27 78 87.7 |103:29 | 29.2 269 | 778 | 85.9
01:34 | 29.6 27 | 784 | 87.8 |03:34| 29.2 |29.2 269 | 774 | 857
01:39 | 29.6 27 | 784 | 87.4 |03:39 | 29.2 268 | 77.8 | 86.2
01:44 | 29.6 27 | 781 87.6 |03:44 | 29.2 | 291|268 | 77 85.5
01:49 | 29.6 27 | 775 | 86.7 |03:49 | 29.2 26.8 | 78.1 | 86.1
01:54 | 296 | 296 | 27 | 77.8 | 86.8 | 03:54 | 29.2 268 | 77.7 86
01:69 | 295 295 | 27 | 776 | 86.6 |03:59 | 29.1 | 29.1|26.8| 77.5 | 859
02:04 | 295 | 294 | 27 | 775 | 86.8 | 04:04 | 29.1 268 | 77.8 86
02:09 | 29.5 27 | 782 | 87.2 |04:09 | 29.2 268 | 77.7 | 85.7
02:14 | 29.5 27 | 77.8 87 04:14 | 291 | 28.9 | 26.8 | 76.8 85
02:19 | 29.5 27 | 77.8 | 869 |04:19| 29.1 | 291 |26.8| 77.4 | 85.7
02:24 | 29.5 27 | 781 87.2 | 04:24 | 29.1 26.7 | 779 | 86.2
02:29 | 29.5 269 | 77.9 87 | 04:29 | 291 26.7| 782 | 86.3




ANIINNIAKNUIN N-5 (5iB)

75

198 I‘” Tcof ‘o D (%) e 1987 I“’ Tcof [0 ] @, | Do

("C) |vnqug) |n13iA (%) ("C) maud(nsdm| (%) (%)
04:34 | 29.1 26.7| 776 | 854 |06:34| 28.8 26.5 | 78.1 86
04:39| 29 |289|26.7| 769 | 853 |06:39| 28.8 26.5| 785 | 86.2
04:44 | 29 26.7 | 78.1 86.1 | 06:44 | 28.8 26.5| 786 | 86.2
04:49 | 29 26.7 | 775 | 86.1 |06:49 | 28.8 265 | 782 | 857
04:54 | 29 26.7| 775 | 855 |06:54 | 28.8 26.6 | 78.2 | 86.1
04:59 | 29 266 | 78.4 86 06:59 | 28.8 26.5| 78.4 86
05:04 | 29 26.6| 782 | 859 |07:.04| 2838 26.6 | 783 | 85.7
05:09| 29 266 | 77.9 86 07:09 | 28.8 266 | 78 85.5
05:14 | 28.9 266 | 77.8 | 855 |07:14 | 28.8 26.6 | 785 | 859
05:19 | 28.9 266 | 779 | 8.5 |07:19| 28.8 266 | 78.7 | 86.2
05:24 | 289 |28.8 266 | 77.1 85 07:24 | 28.8 26.7 | 78.7 | 859
05:29 | 28.9 266 | 77.7 | 853 |07:29| 28.8 26.7 | 78.7 | 85.6
056:34 | 28.9 266 | 77.8 | 859 |07:34| 28.8 26.7 | 77.7 | 853
05:39 | 28.9 266 | 77.8 | 856 |07:39| 28.8 26.7 | 7186 | 85.6
05:44 | 28.9 266 | 779 | 856 |07:44 | 28.8 26.7 | 785 | 859
05:49 | 28.9 266 | 77.9 86 07:49 | 28.9 26.7 | 785 | 859
05:54 | 28.8 265 | 78 86 07:54 | 28.8 26.7| 78.9 | 86.1
05:59 | 28.9 265 | 78 86.2 | 07:59 | 28.8 26.8 | 78.8 | 85.7
06:04 | 28.8 265 | 78 86 08:04 | 28.9 26.8| 78.8 | 85.9
06:09 | 28.8 265 77.8 | 855 |08:09 ]| 28.9 26.8 | 785 | 853
06:14 | 28.8 265 | 779 | 859 |08:14 | 28.9 26.9| 793 | 855
06:19 | 28.8 265 | 774 | 856 |08:19| 28.9 27 | 783 | 84.8
06:24 | 28.8 26.5 | 78.1 85.6 |08:24| 29 27 | 782 | 84.9
06:29 | 28.8 26.5| 78.7 | 86.2 [0829 | 29 211 78 83.8




M1TINNIANYIN N-6

N9RTRAInWNNT FIUANRETRIA V1 - V34 Bannzidss luieanizidsamaiuansesmdieAuiuaaiiulugasan

60 14

NIALIA (Q)

V1

V2

V3

V4

V5

V6

V7

V8

V9

V10
V11

V12

V13
V14
V15
V16
V17
V18
V19

V20
V21

V22
V23
V24
V25
V26
Va7

V28
V29
V30
V31

V32
V33
V34

21-p.A.-58

65

55

35

50

50

22-p.A.-58

45

55

75

45

35

35

23-7.A.-58

35

30

35 55

35

60

35

10

24-p.A.-58

45

40|65|54

45

45

35

55

50

11

25-p.A.-58

35

45

35

40

35

40

12

26-7.A.-58

25

18

1-W.81.-58

65

50

25

50

19

2-.2.-568

50

45

55

75

55

40

20

3-1.8.-568

35

35

25 55

55

45

65

21

4-W.¢1.-58

45

4016555 45

35

35

50

55

45

22

5-W.81.-58

45

35

45

35

55

45

45

29

12-1.8.-58

68

55

25

55

50

30

13-W.8.-58

60

55

9/



ANIINNIAKNUIN N-6 (5IB)

NIALIA (Q)

SR R R I e N e N N e N e N N RIS N S NS S e g g e
31| 14-n.21.-58 | 35|30 45|65 45 35 35
32| 15-1.81.-58 50 45 40(70|55 55 30 58|35
33| 16-1.81.-58 25 45 55 35 55 75
34| 17-1.8.-58 35 40 35 45
35| 18-1.81.-58 60
40| 23-1.¢1.-58 60 |55 50 50
41| 24-1.¢1.-58 45 60 75
421 25-N.81.-58 |35 |35 35 45 35 25
43| 26-N.81.-58 40 40(65|55 54 30 60
441 27-N.¢1.-58 45 35 45 35 36 60 35|50
45| 28-.81.-58 25 40 25|45 40
51| 4-8.A.-58 70|45 55 45
52| 5-9.m.-58 45 55 75

1Ll



ANIINNIAKNUIN N-6 (5IB)

| NIALIA (Q)
U

e e e e e e e P Y B B R B B R B R R R I R I R RN I R I R R I R I B PRI E s
53| 6-8.A.-58 [40|30 25
54| 7-8.A.-58 45 4017555 45 35 35
55| 8-8.A.-58 45 25 30 60|35
56| 9-8.A.-58 60 45 45 55 50
571 10-8.m.-58 35 40 35 40
58| 11-8.m.-58 55

DO O N O N |O | W | I TIITIN|O OO T N[OOI~ T OO | D O[O M|V |~ |~~~ O|O |~

8.



ANSNANANUIN N-7 19aT8HiAUNHIFIMAINguTewia H1 - H34 Tanizipasluieanisinaswuuinemsnstanldludasaan 60 Ju

WIALiA (g)

HA1

H2

H3

Ha4

H5

H6

H7

H8

H9
H10

H11

H12
H13
H14
H15
H16
H17
H18
H19
H20
H21
H22
H23
H24
H25
H26
H27
H28
H29
H30
H31
H32
H33
H34

23-7.A.-58

55

45

10

24-p.A.-58

55

20

30

55

45

25

40

20

25

25

11

25-p.A.-58

75

55

45

30

20

30

60

30

30

25

50

55

12

26-7.A.-58

35

40

20

25

25

30

13

27-7.A.-58

35

21

4-NW.8.-58

45

35

35

55

22

5-.81.-58

55

45

65

65

35

55

45

45

65

35

50

35

35

23

6-.21.-58

45

55

30

45

35

30

30

35

24

7-W.81.-58

55

40

40

55

30

65

25

8-1.2.-58

40

35

35

35

18-N.81.-58

55

60

60

45

45

55

55

35

36

19-W.81.-58

55

55

50

45

30

45

30

60

30

40

30

35

35

50

37

20-W.21.-58

35

35

30

75

45

45

50

30

50

6.



ANIINNIAKNUIN N-7 (5IB)

WIALiA (g)
M lelelzlelels[ele]e]s 2 22 [e e s e[|z s a e 2 e e 5 e o 8 s 2]z
L rjLrj L jrjLfjixjzcjx|xjx|xjxz|x|z|z|T ||| |ZT|ZT|ZT|ZT|ZT|ZT|Z|Z |||
38| 21-N.81.-58
39| 22-N.81.-58 40
50| 3-6.m.-58 50 35 65 55 25
51| 4-9.m.-58 |35|60 55 35 80| 30 35|55 45 65 35 45 65
52| 5-8.m.-58 45 30 40| 30 35 48 50
53| 6-9.m.-58 35 45 35 45 35|30
mgg%g@@c\laC\ll\@l\l\&mawmgmwwvmmwmngmwg

08
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NINAIANUIN 2-1 HRUNIZIREHIAWTHNFUANLLLA AU AALAYIN
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aniiadian 3.3 Tupannazuanenmasedlunian luuny 3 W gade ey
1 a rdl 5| o = di/ [ % dl dl L7 a '8
AnsdweidusoulsaauanlunisAneil Aeensned 1 luumi 4 uazldAmnadimes
an@uandan T, =30°C, @ = 60 % unsilaneds Aenuanslumnsem 2 uazlsuans
aa o [ % a 1 -lzJ
A unse ez ase 1
1) Wasannldnsudiguugd T, Asdeudssuuannisuuuaug (Date, 2012)
Tneauumdn T, =25 °C uazwifl @, ,, anANduiussallil (Crawford, Kays, 1993

cited in Date, 2012)

,, =3416x10° +(2.7308x10* )T, + (1.372x10°°)T2 + (8.2516 x 10 ° T

—(6.9092x10° )T +(3.5313x 10 2°)T? - (3.7037 x 102 )T¢ (37)
+(6.1923x10°)T7 +(9.9349 x 107 )T

ald @, ,, =0.0200055
2) 1A @, anANANRusFa L (Wagner, Pruss, 1993 cited in Date,

2012)

w
,, = © (38)
' 1+W

o0

le W, =0.622 x P AL Poe _ Do
ptot - pv,w

Taed h:exp{i} le rzl—T—“’ LAY
Per 1-7 T

cr

F=alxr+a2xr® +a3xzr®+adxr*® +abxr* +abxr’
al=-7.85951783, a2 =1.84408295, a3=-11.7866497,
a4 =22.6807411, a5=-15.9618719, a6 =1.80122502

£
o

yiai] T, =647.096 K, p, =220.64 bar uaz p,, =1.01324 bar
Al @, =0.0190745
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wdaviandmnAneds o, ., = 05(,, +,,) 9K @, ., =0.0195265

V,mean V,mean

LAZMAT Cp,, = Cp, (L= @, mean )+ CPu @, mean g Cp,, =1,023.8904 J/kg-K

v,mean

3) WA @, ANANNANAUSFalilil (McAdams, 1954 cited in Date, 2012)

o H 9.814(T, - T, H°®
Nu, =—° uwar  Gr, = A = W) (39)
ka a
g miunisnianuFausnsssntAanie luiuansazld Nu, =0.59(Gr, Pr)**° i

Fulss@ninsenasadaume f=1.0/T . uaz T, =05(T,+T,) (luviae K)

mean mean

avgaslden Pr, k, uaz v, 1 T .. (Frank P. Incropera et. al., 2013)

Ald o, = 2.5814211 W/im*K

mean

4) Lﬁ'@mm a, WIAN g AIN4NN17 (20) uazazls Bi,, B" uaz M, 970
ANNT (23)
agls g =0.0025212 kg/m*-s, Bi_ =420,198.1358, B* = 2.3659149 x10° uaz

M, =6.7461634x10" kg/s
5) WA Qp = (Quag + Que) = (trag + 2 )A(T, —T,,) 1o
Qg =0 (T2+TZ)T, +T,)
adl# Q, =60.6230802 W
6) A1 M, , ANaNNIe (36) aglé m,,, =0.002348158 W
7) Annddetazanuuananaadld F = 34.807,211.74 anudn F > 0.01 A
Fasuiladn T, udadnunnviusidunand 1)
8) nsiariasllaundndn F azgidn 0.01 3414 T, = 26,5513 K A1H14 ety
e lHlg T

cold

WA nldun T = 25.5407 K uazpnau | fAalupenedi 2

cold

9) AMIMNA T, A nAudniudselilil (Wagner, Pruss, 1993 cited in

Date, 2012)

2371.7xy 4 17.271xT, (CDJ
=——" 9 =——— 2 41In

® = 17271—y "= 377+7. (100
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aaldl T, =21.3704 °C

10) ANUITUAT 77, A naNnsi (16) aslél 77, = 0.5167

waeg) : TN19ISaH NAKARNNTAWINAT T, AT 7, AvfDaIiunIsaNdunay
nsAuudnesiuane BldUsnguanisaunasindeyalldne ddlunmi 14 - 22

Tuund 4



NAKNWIN 9
NANTFIATIEAN AT AAe 11 TN TN

IBM SPSS Statistics 22



92

Nan1slallsunsy IBM SPSS Statistics 22 Tun159tAs1=in1snanasi il

LAUATINYADY LNDUIANMNFNNUEFENI9 T_cold_m nu T_oo uaz @ _oo

REGRESSION
/MISSING LISTWISE

/STATISTICS COEFF OUTS R ANOVA

/CRITERIA=PIN(.05) POUT(.10)

/NOORIGIN
/DEPENDENT Tcold

/METHOD=ENTER Tsur Hsur.

Regression

Notes

Output Created
Comments

Input

Missing Value Handling

Syntax

Resources

Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working Data File
Definition of Missing

Cases Used

Processor Time
Elapsed Time
Memory Required

Additional Memory Required for Residual Plots
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Notes

Output Created
Comments
Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working Data File
Missing Value Definition of Missing
Handling

Cases Used
Syntax
Resources Processor Time

Elapsed Time
Memory Required

Additional Memory

Required for Residual Plots

20-MAY-2016 10:28:12

D:\Thesis\ineniinis\data for fig 22-23.sav
DataSet0
<none>
<none>
<none>
289
|User-defined missing values are treated as
missing.
Statistics are based on cases with no
missing values for any variable used.
|REGRESSION
/IMISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Tcold
/METHOD=ENTER Tsur Hsur.
00:00:00.02
00:00:00.03

2896 bytes

0 bytes

[DataSet0] D:\Thesis\inentinus\data for fig 22-23.sav




Variables Entered/Removed”

Variables Variables
|Model Entered Removed Method
1 IHsur, Tsur’ . [Enter
a. Dependent Variable: Tcold
b. All requested variables entered.
Model Summary

Adjusted R Std. Error of

IModel R R Square Square the Estimate
1 978° 957 956 287

a. Predictors: (Constant), Hsur, Tsur

94

ANOVA®
Sum of
IModel Squares df Mean Square F Sig.
1 Regression 521.006 2 260.503 | 3158.177 .000°
Residual 23.591 286 .082
Total 544.597 288

a. Dependent Variable: Tcold

b. Predictors: (Constant), Hsur, Tsur



Coefficients’

95

Unstandardized

Coefficients

Standardized

Coefficients

|Model B Std. Error Beta t Sig.

1 (Constant) 9.800 1.217 8.051 .000
Tsur .669 .025 832 26.518 .000
Hsur -.032 .006 -157 -4.994 .000

a. Dependent Variable: Tcold
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Nan1slallsunsy IBM SPSS Statistics 22 Tun159tAs1=in1snanasi il

LA UATINYAD LNDUIANMNRNNUEFUI19 D_cold_m A T_oo waz ®_oo

REGRESSION

/MISSING LISTWISE

/STATISTICS COEFF OUTS R ANOVA

/CRITERIA=PIN(.05) POUT(.10)

/NOORIGIN

/DEPENDENT Hcold

/METHOD=ENTER Tsur Hsur.

Regression

Notes

Comments

Input

Missing
Handling
Syntax

Resources

Output Created

Value

Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working Data File
Definition of Missing

Cases Used

Processor Time
Elapsed Time
Memory Required

Additional Memory Required for Residual Plots
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Notes

Output Created

Comments

Input

Missing
Value
Handling
Syntax

Resources

Data

Active Dataset

Filter
Weight
Split File

N of Rows in Working Data File

Definition of Missing

Cases Used

Processor Time
Elapsed Time
Memory Required

Additional Memory
Required for

Residual Plots

20-MAY-2016 10:43:44

D:\Thesis\ineniinus\data for Tcold in fig 22-23.sav
DataSet0
<none>
<none>
<none>
289
User-defined missing values are treated as missing.
Statistics are based on cases with no missing
values for any variable used.
REGRESSION
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Hcold
/METHOD=ENTER Tsur Hsur.
00:00:00.02

00:00:00.02

2896 bytes

0 bytes

[DataSet0] D:\Thesis\ineniiwus\data for Tcold in fig 22-23.sav




Variables Entered/Removed’

Variables Variables
Model Entered Removed Method
1 Hsur, Tsur’ .| Enter
a. Dependent Variable: Hcold
b. All requested variables entered.
Model Summary

Adjusted R Std. Error of
Model R R Square Square the Estimate
1 .944° 892 891 1.753

a. Predictors: (Constant), Hsur, Tsur

98

ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 7243.540 2 3621.770| 1178.943 .000
Residual 878.606 286 3.072
Total 8122.146 288

a. Dependent Variable: Hcold

b. Predictors: (Constant), Hsur, Tsur



Coefficients”

99

Unstandardized

Coefficients

Standardized

Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) -12.969 7.428 -1.746 .082
Tsur .883 154 284 5.734 .000
Hsur 942 .039 1.199| 24.188 .000

a. Dependent Variable: Hcold
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