
 

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

      
  

  
                      
   

אאאא  

אאאא  




א


א





 

٦



א ١٧٢ אא 
 אא אא

  
 

  

אאWאאK 
אאW 

אאW 
• אאאאK 

• אאאאאאאK 
• אאאאאK 
• אאא،אאאא،K 
• אאאאאK 
• אאאאאK 

אאאW 
 אאאא١٠٠אK٪ 

אאW 
١٠K 

 
 



א ١٧٢ אא 
 אא אא

  
 

  

אא 
Cooling & heating loads calculation  

 
אאאאאאאאא

אאאאאאאK
אאאאאW 

- Wאאאאא
אאאK 

- Wאאאאאא
אאK 

אאאאW 
 External loads W 

-  iאאאאאאאא–אאאא
אאWall loads 

 -iiאאאאאאSolar gains OR Sun Loads 
 Jאאאאאא 
 Jאאאאאאאא 
 -iiiאאאאאאאInfiltration Loadא

אVentilation Load.K 

אInternal Loads W 
- אא 
- אא 
- אאאאאאאאאאK 

אאא )( sQSensible Loads و
)( lQLatent Loads  

 
 



א ١٧٢ אא 
 אא אא

  
 

  

אאא 
Thermal Loads Calculation 

אאW 
אאאאאW 

 Jאאאאאאאאא wQ 
 JאאאאאradQK 
 JאאאאאאאאiQ 
 JאאאאאאvQ 
 JאmQ   

 אאאאTQאW 
mvwiradT

QQQQQQ ±±±+= 
0QT >אאאאFE 
0QT <אאאFE 
אאאאW 

אBuilding Characteristics  
אאFE

אאbuilding configuration 
אא אאאא

אאאKKאאאאאא
אאK 

אאאFאscheduling(  
אאK 

WאWCooling Load Calculations  
אאאWF(Space Heat Gainsאאא

(time interval)K 
אW  (Space Cooling Load)אאאא

אK 
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 אא אא

  
 

  

אWSpace Cooling Load  
אאW 

אאאאאאאאא ( )wQ 
אאאאאאאאא

(steady state)אאאאאאאא
(air-air temperature)،אאא(unsteady state)

אאאאK 
אאאאאאא

(thermal mass)אאאאאא،אא
אאא(time lag ,Φ)א

(decrement factor, f)אKאאאא
אאאאאאאאאאK

אF٦ J١Eאאאאא(instantaneous heat gain)א
אאאאFאאאHאאא

אאEאאKא
אאאאאא

אאF٦ J١KE 
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 אאאאאאאאאא
אאא(air-to-air temperature)אW 

( )
iow

TTAUQ −××Σ= 
 

 אאאאאא}{ CT
i

°= 
 אאאאא}{ CT

o
°= 

א،אאאKKKא}{ 2mA = 
א،אאאאKKKKא}{ 2 KmWU = 

אאאא)(Uאאא
אאאא)( ihאא)( ohאאא

אF٦ J١EאW 
אאאא)(Uאא 

∑++=
k
x

hhU
io

111 

W 
א}{mx = 

}/{אאא mKWk = 
 

א אאא }/{ 2 KmWh
א  10 

א  6 

אא FאE 8 

א6.7 m/s א 34 

א3.4 m/s א 23  
  

F٦–١WEאאא 
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א }/{ mKWk =
(common brick)0.72 

א(Face brick)1.30 

(Concrete)1.72 

(Tiles)1.10 

(Stone)1.80 

(Cement plaster)0.72 

(Gypsum plaster)0.80 

(Hard wood)0.16 

(Soft wood)0.12 

(Sand)1.72  

(Cork)0.036 

(Glass wool)0.036 

(Polystyrene)0.040 

(Polyurethane)0.023  

F٦–٢WEאאאאא 

אF٦ J٢Eאאאkא}/{ mKWאא
אאK 

אאאאא(insulants)אאא
אאK 

١W 
אאא،אUאאאא

אKmWh 2
0 /20=אאאאא

KmWhi
2/10=K 
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1

k
x

k
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k
x

k
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+++=∑ 

mmmxx 005.0541 ===mmmx 400.04002 == 
mmmx 050.050

3
== 

אאFאEmKWkk /80.041 == 
אאFאE        mKWk /72.02 = 
אאFאEmKWk /036.03 = 

957.1
800.0
005.0

036.0
050.0

72.0
400.0

800.0
005.0

=+++=∑
k
x 

107.2957.1
10
1

20
1

=++=∑++=
k
x

hhU
io

111 

KmWU 2/475.0
107.2
1

==∴ 
אאאאW)( eT Sol-air Temperture  

אאאאאאאאא
אאאאאאאא

אאאא)( eT 
0/)( hITT oe α+= 

oes TTT −=∆ 



א ١٧٢ אא 
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W 
 אא( )2/ mWI = 

אאאא[ ]KmWho
2/= 

 אא=α 
אאאא}{KT

s
=∆ 

0/)( hITTT oes α=−=∆ 
אאאאאאא

אאeTאאאאOT)( Oe TT fK 


F٦–٣WEאאאא 

אאאאאאאאW 
)(

ssun
TUAQ ∆Σ= 

W 
אא}{ 2mA = 

אאאא}{ 2KmWU = 
אאאאאאאאאW 

 



א ١٧٢ אא 
 אא אא

  
 

  

א α 
 0.55  –  0.70 

 0.4 –  0.5 

 0.3 –  0.5 

א 0.8 – o.9 

 0.65 

 0.9 

F٦–٣WEא 
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אאאאW 
)( iew TTAUQ −= 
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 אא)(IאאאאאW  
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 אא אא

  
 

  

  
 

א א 
N 

א 
E 

א 
S 

א 
W 

א
א 
HOR. 

 82.6  610.10 727.3 610.10 645.6 

א 92.10 691.3 622.9 680.9 760.1 

 104.0 7222.7 424.3 719.7 846.1 

 114.7 708.4 258.5 708.1 881.8 

 131.1 685.10 158.3 679.7 884.3 

 166.1 664.2 139.0 655.4  875.1 

 131.1 662.0 100.1 660.4 868.2 

119.8 674.3 249.4 682.9 860.9 

 107.8 823.7 448.9 698.6 824.4 

 95.8 646.3 609.1 663.6 749.3 

 83.9 592.7 720.7 587.9 646.3 

 77.6 570.9 756.6 756.6 596.5 

F٦–٤WEאאאא
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א 
Hour 

א
N 

א 
E 

א
S 

א 
W 

אא
HOR. 

0000 0.0 0.0  0.0  0.0  0.0  
0100  0.0  0.0  0.0  0.0  0.0  
0200 0.0  0.0  0.0  0.0  0.0  
0300  0.0  0.0  0.0  0.0  0.0  
0400 0.0  0.0  0.0  0.0  0.0  
0500 0.0  0.0  0.0  0.0  0.0  
0600 0.0  0.0  0.0  0.0  0.0  
0700 24.3 489.9 267.0 24.3 111.0 
0800 55.5 707.4 529.0 55.5 339.2 
0900 77.6 649.4 688.8 77.6 532.8 
1000 92.7 479.2 791.9 92.7 672.1 
1100 100.9 251.3 845.2 103.4 747.1 
1200 101.5 104.7 849.0 2150.0 752.5 
1300 94.6 94.6 802.9 448.6 687.6 
1400 80.4 80.4  707.1 629.6 557.0 
1500 59.3 59.3 556.7 709.3 370.4 
1600 29.6 29.6 317.8  556.4 145.3 
1700 0.0  0.0  0.0  0.0  0.0  
1800 0.0  0.0  0.0  0.0  0.0  
1900 0.0  0.0  0.0  0.0  0.0  
2000 0.0  0.0  0.0  0.0  0.0  
2100 0.0  0.0  0.0  0.0  0.0  
2200 0.0  0.0  0.0  0.0  0.0  
2300 0.0  0.0  0.0 0.0 0.0 
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 אא אא

  
 

  

  
  

א 
Hour 

א
N 

א 
E 

א
S 

א 
W 

אא
HOR. 

0000 0.0 0.0  0.0  0.0  0.0  
0100  0.0  0.0  0.0  0.0  0.0  
0200 0.0  0.0  0.0  0.0  0.0  
0300  0.0  0.0  0.0  0.0  0.0  
0400 0.0  0.0  0.0  0.0  0.0  
0500 5.3  12.3 1.0 1.0 1.9 
0600 197.0  564.0 50.4 50.4 199.6 
0700 216.3 761.6 89.8 86.1 431.6 
0800 181.6 766.4 120.4 112.5 636.9 
0900 143.8 662.7 149.1 132.4 809.2 
1000 154.8 489.6 211.8 146.0 928.4 
1100 160.5 276.5 244.9 159.2 989.9 
1200 160.5 158.9 244.3 218.3 988.9 
1300 154.8 145.6 210.6 494.3 926.2 
1400 143.4 132.1 147.2 666.1 805.5 
1500  182.8 122.2 119.8 767.9 635.2 
1600 216.6 85.4 88.9 759.4 426.2 
1700 194.8 49.2 49.2 555.2 193.6 
1800 0.0  0.0  0.3  6.6  1.0  
1900 0.0  0.0  0.0  0.0  0.0  
2000 0.0  0.0  0.0  0.0  0.0  
2100 0.0  0.0  0.0  0.0  0.0  
2200 0.0  0.0  0.0  0.0  0.0  
2300 0.0  0.0  0.0 0.0 0.0  

F٦–٦WEאאא)( 2mW 
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אאאאאאאאאFאא٦ J٦KE
אאאKאא

אאאאאאא
אאK 

אאאאאא
אא،אא،KאK

אאאאאאא
אאאאאאאאאאא
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(air-air temperature). אאאא )( eT Sol-air Temperture 
אאC°65אFאאEK 

٢W 
mmm 346 ××אmm 5.12 ×

אmm 2.15.1 ×Kאאאאאא)( wQW 
 Jאא)(30),(40 wbCdbC °° 
 JאאאRHdbC %50),(24°    
 Jאא                                                        )(27 dbC° 

 Jאאאא                       )(48 dbC° 
אאאא)(UW 

 JאאאאאאאKmW 24.2 
 JאאאאKmW 26.0 
 JאאאאאKmW 20.2 
 JאאאאאKmW 26.5 

אW 
אאאW 

 

א U A T∆ w
Q 

 KmW 22m  C° W 
אאא2.4 51.6 16 1981.4 

א 2.0 3.0 16 96.0 

א 5.6 5.4 16 483.8 

א 2.4 24 24 1382.4 

א 0.6 24  03 43.2 

אאאא 3986.8 

F٦–٧WE٢ 
אאאא                          kWWQw 987.38.3986 == 
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אאאא ( )radQ 
 אאאאאאא

אאאאאאאא
אאאאאא

אאאאאאא
אאאאK 

 
F٦–٤WEאאא

 אאאאאאא
אא،אאאאאאא

אאK 
אאאאZאאאHאאאHא

אK 
 אאאאאאאW 

( )SCIAQrad ××= 
W 

אאאא[ ]kWQrad = 
אא( )2/ mWI = 

א[ ]NoneSC = 



א ١٧٢ אא 
 אא אא

  
 

  

 אאאאא
אאאאאאאW 

 א אא 
0.83 0.64 אW 
0.69 0.57  
0.40 0.33 
0.88 0.57 אW 
0.40 0.34 

F٦–٨WEא 
  

אאאאאאאF
אאEאא
אאאאאאאK 
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אאא א )(,)( infQQvW 
 אאאאאאאאא

אאא(infiltration)Kאאאא
(building quality)אאאא

אאאאאK 
אאאאאאא

Kאאאאאאא
אאאאאK20%א

אאאאKאא
אאאאאאא

א[1-1.5 Air Changes Per Hour (ACH)] :W 
א}/{ 3 smFZא×אאאא(ACH)E÷3600  

אאאאאאא
אאאאKאא،

א،אKאאא
א[0.25-0.5 Air Changes Per Hour (ACH)]K 

אאאא)(V&א(Crack method)Kא
אאא(A)אאאא)( p∆ 

npACV ∆=& 
W 

אאA= 
אאC=                             

אאאא=p∆ 
אnאאא0.14.0 fp n 

אאאאKF٦ J٩Eא
אאאאF٦ J١٠Eאאא

אאא3.35 m/sאK 



א ١٧٢ אא 
 אא אא

  
 

  

 
א msL // 

FE 0.36 

FE 1.00 

 0.72 

K 1.70 

K 1.44 

–א 0.50 

F٦–٩WEאא 
 

א(L/s) 

א  
אא

 
 

אא 13 85 565 

)92.073.2( mm×45 165 330 

)76.000.2( mm×5 35 236 

)92.013.2( mm×9 64 330 

)84.113.2( mm×38 85 660 

F٦–١٠WEאאא 
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אאאW 
١אvsQ 

)( iop
o

vs TTc
v
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−=
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א ١٧٢ אא 
 אא אא

  
 

  

W 
אאא[ ]smV /3=& 
אאאא[ ]kgmvo /3= 
אאאא[ ]kgKkJc

airp /006.1= 
 
٢ Jא( )

lvQ 
                                                     ( ) fgio

o
v h

v
VQ

l
×−= ωω 

Wאאאא[ ]airwatero kgkg /=ω 
אאאאא[ ]airwateri kgkg /=ω 
אאאאאאא[ ]kgkJh fg /2500= 
אאאא)( vQאאאאא

אK 
h

v
VQQQ

o
vvv ls

∆=+= 

Wאאאאאא[ ]kgkJh /=∆ 
 אאאLא(N)א

אאאא)( vQא 
kW

o
v v

hVNQ
×
∆××

=
3600

 

W 
 אא[ ]3mV = 

אאW 
אאאאאאאW 

אא(ACH) 
א 

 Jאאא(ACH) 
א×אאאאZאאא 



א ١٧٢ אא 
 אא אא

  
 

  

 אאאאאא
F٦١١Eאאאא(ACH): 

 
אא אא(ACH)

– 6-10 

 3-4 

 4-6 

 4-6 

 5-10 

 6 

 6 

––20 

F٦–١١WEאא(ACH) 
 

אW 
  אאאZאאאאא×א 

אאאאאF٦١٢EאW 



א ١٧٢ אא 
 אא אא

  
 

  

 

אא א
א(L/s) 

א א 
7 9.5 

5 7.5 

5 7.0 

2.5 3.5 

3.5 5.0 

12 14 

12.0 14.0 

א14.0 24.0 

7.5 12.5 

7.5 10.0 

3.5 6.0 

2.5 5.0 

F٦–١٢WEא 
٣W 
 אאmmm 368 ××RHdbC %50),(24°אאא

،אאאאאאא
א، ACH=5אאא)(26),(40 wbCdbC °° 

אאW 

24 40

26

O

R
N

حمل

وس
حس
م





hN

hR
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א ١٧٢ אא 
 אא אא

  
 

  

gkJhkgkJhkgkJh
NOR

/0.65/0.75/5.48 === 
kgmv /908.0 3

0 = 
 

∴אאאא
3600

ACHVV ×
=& 

3600
5)368( ×××

=V& 

smV /2.0 3=& 
אאskg

v
Vm /22.0

908.0
2.0

0

===
&

& 

אאאא)( RNv hhmQ
s

−= &
kWQ

sv 63.3)5.4865(22.0 =−= 
אאאא)( 0 Nvl hhmQ −= & 

kWQ
lv 2.2)6575(22.0 =−= 

אאאא
ls vvv QQQ +=

kWQv 83.52.263.3 =+= 
 

אאאא)(
Rov

hhmQ −= & 
kWQv 83.5)5.480.75(22.0 =−= 

אאא( )LQ 
אאאאא 

( )DFFPNQL ×××= 
W 

 א=N 
 אאא[ ]WP = 

 אFא(=F 
                                                                                          =1.25 -1.30 for florescent lamps  

= 1.0 for bulb lamps                                                                                        
  א                              (Diversity Factor)=DF  

אאא25- 30%אאא
אאאKאא،אFאEK 



א ١٧٢ אא 
 אא אא

  
 

  

 אF٦ J١٣EאאאW 
 

אא א)/( 2mW
 60 

 45 

א– 40 

–– 20 

 17 

– 15 

F٦–١٣WEא 
 
אF٦ J١٤EאאאאK 
 

אא 
א 

א א 
 0.90 – 0.70 0.85 – 0.70 

 0.60 - 0.40 0.50 – 0.30 

 0.90 –0.80 1.00 – 0.90 

 o.95 –0.85 0.90 – 0.80 

F٦–١٤WEא 
٤W 

אאאאא50א 100 W20
40 WK 

אW 
tflourescenbulblight PNPNQ )25.1()( 2211 += 

402025.110050 ××+×= 
kWW 6600010005000 ==+= 



א ١٧٢ אא 
 אא אא

  
 

  

٥W 
 א250 mאKאא

אW 
 Jא100 WK 
 Jא40 WK 

אאאאK 
אW 

אF٦ J١٣E،אאאא2/40 mW 
אאאא(I) 

WI 20004050 =×= 
אא100 W،אא(N1)W 

20
100
2000

1 ==N 
אאאW2000 

אא40 Wאא،(N2) 
50

40
2000

2 ==N 
אאאא 

tflourescenlight PNQ )25.1( 22= 
W2500405025.1 =××= 

אאאWHeat gain due to occupants  
אאאKאא

אא( )C037אאאאא
אאאאאאK 

אאאאW 
 אא،אא

אאKאאאאאאא
אאאאאאאאא

אאאאאא



א ١٧٢ אא 
 אא אא

  
 

  

אmetabolic rateאKאF٦ J١٥Eאאאא
אאאאאK 

 

א אא 
א


א
 

א 

  66 31 97 

 J J72 45 117 

א  J J73 59 132 

אא 73 59 132 

  73 73 146 

  81 81 162 

א  81 139 220 

  81 139 220 

א 88 204 292 

א  170 255 425 

א  170 255 425 

F٦–١٥WEאאא(w) 
 

אאאאאאW 
( )..FDqnQ

ss pp ××= 
אאאאאא 

( )..FDqnQ
LL pp ××= 

W 
 אאאאn =                                        

 א( Diversity Factor, DF) אאאא
אאאF٦ J١٤E                                                           

 אאאא =
spq 

אאאא       =Lpq 



א ١٧٢ אא 
 אא אא

  
 

  

٦W 
אאאאא،אאאאאא

100אKא(DF=1) 
אW 

אF٦ J١٥EאאאW 
Wqs 81=Wql 139=Wq 220= 

אאאאWQ
sp 810081100 =×= 

אאאאWQpl 13900139100 =×= 
אאאא

ls ppp QQQ += 
kWWQp 0.2222000139008100 ==+= 

אאאאkWWQp 0.2222000220100 ==×= 
 

אאאאWHeat gain due Equipment 
אאאאא

אKKאאאאאK
אאאאK 

אאאאא( )EQאאW 
( )EQE ∑ −= η1 

W 
 אאE = 
 א =η 

٧W 
 אאאאאא20.5 kW
70%. 

אW 
( )EQE ∑ −= η1 

kW30.05.0)7.01(2 =×−×= 
 



א ١٧٢ אא 
 אא אא

  
 

  

 א( )mQ 
 א،אאL

א،אKאאאאא
אאאאFKאאאאאE 

٨W 
אאmmm 0.30.35.4 ××RHdbC %50),(26°א

43),(26)(א wbCdbC °°אאאא،אאאא،
אאKmW 2/42.6،KmW 2/35.1،KmW 2/6.1،KmW 2/6.1KmW 2/6.1אKא

אאFאאEC°8אאאK
אא4 m2אא3 m2Kאאא

C°12Kאאא2/355 mWKאא10א L/sKא
60 W 3א72 Wא

45 WאKאאK 
 
 

4.5 m

3 
m

شباك زجاجيشباك زجاجي
باب

N


F٦–٧WE 

 
 
 



א ١٧٢ אא 
 אא אא

  
 

  

אW 
אאאאא)(

iow
TTUAQ −= ∑ 

 
 }/{ 2KmWU)( 2mA )(

io
TT − }{WQ

w
 

אאא 1.35 9.0 9 109.35 

אאא 1.35  9.0  9  109.35 

אאא 1.35  6.5 17 149.175 

אאא 1.35  13.5 9 164.025 

אא 6.42 4.0 17 436.56 

אאא 1.6 3.0 17 81.6 

א 1.6  13.50 9 194.4 

א 1.6  13.50  9 194.4  

  1438.86 

F٦–١٦WE 
 
 

אאאאאkWWQw 439.186.1438 == 
אאאאZאאHאאFאE 

אא( )SCIAQrad ××= 
אאF٦ J٨E83.0=SC 

                                                                       ( )SCIAQrad ××= 
W6.117883.03554 =××= 

אאאאא)( ssun TUAQ ∆Σ= 
∴אאאאא)( ssun TUAQ ∆= 

W3.105125.635.1 =××= 
אאאאא 

kWWQsol 284.19.12833.1056.1178 ==+= 
אאאאFPNQL ××= 



א ١٧٢ אא 
 אא אא

  
 

  

kWW 300.030025.1604 ==××= 
אאאאא( )..FDqnQ

ss pp ××=
W2161723 =××= 
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