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אאWאאא 
Properties of Humid Air 

  
אאאאאאאאW 

אאאDry Air 
 אאאאאK78%FE،

،21%{1%אK 
אאא Moist Air 

 אאאאאאאאאK 
אאאAtmospheric Air  
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אא،אKאאK 
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אאאProperties of Humid Air  

אאא،אאאאאא
אאאאאW 

mRTpV = 
W 

א p
א V
א m

אאR
אאT

 
אאDaltons Law 

va ppp += 
W 

אאא=p 
אאאא=ap 
אאא=vp 

1 JאאאDry Bulb Temperature (db) 
אאאאאאK 

2 JאאאWet Bulb Temperature (wb) 
אאאאאאKאא

Kאאא
אאא(adiabatic saturation temperature)אאאא

אאאאאאאא
KאאאK 

אאא(db)אאא(wb)אא
(sling psychrometer)אאW 
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F1–3WEא 

3 JאאW(Dew Point Temperature) 
אאאאאאאאK 

4 Jאא(Specific Humidity ω )  
אאFאאEאאאא1 kg

אאאK 
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m
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va ppp += 
va ppp −= 

W622.018
9.28

=×=
R

R
R
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אאW 

v

v
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v
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m
m

−
== 622.0ω 

אאאFvpKE 
5 JאPercentage Saturation (PS) 

אאאאא،אvpא
אא،אאאאאאK 

אאDegree Of Saturation (DOS) א
אאאאאאFאאאEא

אאאאאאF1 J1KE 

אאא3/10 mgאC°22K
אאאאK

אאא3/20א mgאאW 
%5050.0
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===PS 
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אאאאאאK
אאאא

אאאאאאא
אK 

אאאאאאאK
אF1 J2EאאC°27

3/6.25 mg3/20 mgC°22،אאאא
3/10 mgאW 

%3939.0
6.25

10
===PS 


F1–2WEאאאא 
אW 

g

v

m
m

PS = 

W 
אאאא=vm 

אאאאא=gm 
6 JאאRelative Humidity(RH) 

אאאאאאאאא
אאאאאKאאW 



א 172  אא 
 אא אאא

  
 

 - 7 -

( )
g

v

p
p

RH =φ10 ≤≤ RH 

W 
אאאאאא=vP 

אאאאאאא=gP 
אאfgpfga hTchhh ωω +=+= 
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- אאאאאאאאאKK 
- אאאאK 
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- אאאאאאא

אאאא 
 JאאFאאEאאאא1 kgאא

אK 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



 

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

אאאא  

אאאא  





א


א

 

2



א 172  אא 
 אא אא

  
 

 - 9 -
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• אאאאאK 
• אאאאאK 
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אאWPsychrometric Chart  
אאאאW 

- אאאWאKאאאאא(db)
אאאאK 

 

فة
جا
 ال
رة
حرا

 ال
جة
در

ت 
بو
ط ث
طو
خ

زيادة درجة الحرارة 
F2–1WEאאא 

 
- אאא(wb) 

وطخ
بث ط

 تو
جرد

لا ة
ارح

لا ةر
بطر

ة

ةبطرلا ةرارحلا ةجرد ةدايز


F2–2WEאאא 
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אא(RH) 
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10
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20%


F2–3WEאאK 

 
- אאFωE 

אאkgkg /אFאE
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- אDew Point 
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1W 
א)db(C32°)wb(C24°KW 

- אאRH 
- אPS 
- אdpK 

 

C°32

%50C°24

C°4.20 A


F2–10WE 

 
אאW 

- C32°אאK 
- אאC32°K 
- אאC24°אאאK 
- אאאאאאאאאאK 
- אFAEאאK 
- אאאאF%52=RHE 
 )  0156.0=AωEאאאא -
 C32°F0306.0=AωEאאאאאאא -
 F%51=PSEאאאאאא -
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- אFdpEא؛אאאאFAE
،אאאאאFאאאE

אאאFCdp 04.20=E 
אאאאאK 

2W 
א)db(C23°%60=RHאאאFwbKE 

אW 
- אאאC23 °א،אא

א%60א=RHK 
- אאאאאC18wb °= 

 

3W 
 א)db(C35 °kg

m89.0v
3

=KאאFωEא
FhKE 

אאW 
- C35 °אאאאא

kg
m89.0v

3
=K 

- אא،אאאK
0.012א0.013אK

אאא)db(C35 °kg
m89.0v

3
=

אא0.012אאאkgair
OkgH20122.0=ω 

FWאאאאאאא
אאא2אאE 

- אאאאאאא
אאkgkJh /67=K 
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4W 
א)db(C22 °%50RH =KאאאאW 

wb،ω،v،hdpK 
אW 

 JאאאC22 °אאא
א%50א=RHKאאאאW 

אא
א
א 

א
א 

א
א 

אא
א 

אא
א 

dp h v ω RH wb db 
C0 kg/kJkg

m3
kgair

OkgH2% C0 C0 
10.96 43 0.8472 0.0082 50 15.39 22 

F2–1E 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א 172  אא 
 אא אא

  
 

 - 19 -

 
 Jאאאאאאאא

אאאאאKא
אאאK 

 (db)אאא 
 אאא(wb) 
 אא(RH) 
 אא)ωE 
 אא)(v 
 א)(h 
 אDew point 

- אאאאאאא
אK 
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אאאאאאאאאא
W 

 

אא
א
א 

א
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א
א 

אא
א 

אא
א 

dp h v ω RH wb db 
C0 kkJ /kgm /3kgair

OkgH2% C0 C0 
   0.010   22 
    45 16  
11      20 
   0.0134  21  
   0.0084 20   
15    80   
  0.88    30 
 90   50   
 50 0.86     
  0.015   25  
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אאWאאK 
אאW 

אאW 
• אאאאאK 

• אאאK 
• אאאאאאאK 

אאאW 
 אאאא100אK٪ 

אאW 
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אאWאאאא 
Air Conditioning Processes 

 
אאאאאאאW 

1K K 
2K K 
3K K 
4K אK 
5K FKE 
6K K 
7K אאK 
8K א 

אאאאאאאאK
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אאWPsychrometric Processes 
WאאאSensible Heating or Cooling  

אאאאאFEאFEאא
אFאאKEאא

אאאאאKאאא
אאאאאאא

אאאאאאאK 
 

A

אא

אאא

ω

db

 B

BA


F3–1WEאא 

 

A

A

א
א

אאא

ω

db

B

B




+


 

F3–2WEאא 
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אאא،אאא،אאא
אאאא،אKאאאאW 

אא
א 

אא
א 

א
א 

א
א 

א
א 

א א
 

db wb RH ω v h dp 
אא↓ ↓ ↑ =  ↓ ↓ = 

אא↑ ↑ ↓ =  ↑ ↑ = 
F3–1WEאאאאאא 

WF=אE، F↑EF↓E 
אאאאאW 

)hh(mQ 12 −= & 
TcmQ p∆&= 

W 
אאF=אאאאאE=m& 

אאאא      kgK/kJ006.1cp = 
FאאאאkgK/kJ0.1c

ap =E 
אאאא=∆T 

1W 
 אאs/m5.1 3אאא)wb(C15),db(C21 °°

אC20°K 
אאאאאC85°

C75°Kאאאא)kgK/kJ18.4c(
waterp = 

אW 
אאW 

kgkJhB /5.61=kgkJhA /5.41= 
kgmvA /844.0 3= 

אא)( am&skg
v
Vm

A
a /78.1

844.0
5.1

===
&

& 
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A

A

אא

אאא

ω

db

B

B



+

CT °=∆ 20

21oC

15 oC


F3–3WE 

 
א)( ccQ 

kWhhmQ ABcc 6.35)5.415.61(78.1)( =−=−= & 
TcmQ

pacc
∆= & 

kW6.35200.178.1 =××= 
א)( wm&אאא،אאW 

אאאא)( wqZאאאא)( aq (35.6 kW) 
)( aqZ)( wq 

6.35=∆ wpw Tcm
water

& 

wp
w Tc

m
water

∆×
=

6.35
& 

skgmw /85.0
1018.4

6.35
=

×
=& 
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WאאEvaporative Cooling  
אאF (adiabatic processאא

אKאאאW 
- אאאK 
- אאאK 
- אאK 

אאאאאKאאFאאE
אאא،אא
אאאאK 

 

A

A

אא

אאא

ω

db

B

B

C

ـ





F3–4WEאא 

  

אאאW 
אא

א 
אא

א 
א
א 

א
א 

א
א 

א א
 

db wb RHω v h dp 
אא↓ ↓ ↑ ↑ ↓ =  ↑ 

F3–2WEאאאאא 
אאא100%אAאCKאא

א)( sηsaturation efficiencyא80%90%K 


CA

BA
s TT

TT
−
−

=η 


CA

BA

ωω
ωω

−
−

= 
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2W 

s
m3

15אאא450C(db)310C(wb)אאאKא
א90%،אW 

- אאאא 
- א 


AC

AB
s ωω

ωω
η

−
−

= 

א
kg
kg= 0.0226Aω 

                                                          
kg
kg =  0.028 Cω 


0226.00289.0

0226.0
9.0

−
−

= Bw 

                                                    
kg
kg = 0.02827  Bω 

אאאאאB 

CA

BA
s TT

TT
−
−

=η 

5.3245
4590.0
−
−

= BT 
 

TB=33.75 0C 
Wא،אאא  B 

אאאאאאאK 
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WאSteam injection 
 

A

A

א
א

אאא

ω

db

B

B


Steam supply


F3–5WEא 

 
אאאאאF3 J5EKK

אאאאאK
،Kאא،אאאאאא،אאא 

3W 
 C0100א)(210 dbC%50=RHkg1kg150

אאאKאאאאK 
אאאא

kg
kg0079.01 =ω 

אא
kg
kg0067.0

150
1

==∆ω 
אאωωω ∆+= 12 


kg
kg0146.00067.00079.0 =+= 

אWאאאCooling &dehumidification process  
 אאאאאאא

،אאאאאא
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אאאאאFEא
אKKאאאאאK 

 
 


F3–6WEאאא 

 

אאאאאא
א(ADP)Kאאאא

אאאא–אא–אא
אאאK 

אאאאאC{אא(ADP)א
אאאאBא  AC 

א،אABאACא(contact factor)א 


AC
AB

=β 
אאW 


CA

BA

TT
TT

−
−

=β 
אאאFβ−1EW 

AC
BC

=− β1 
 

CA

CB

TT
TT

−
−

=− β1 
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4W 
 א32 0C(db), 22 0C(wb)א16 0Cא

אאאKאא5 0CKאא
אאKאאאאאאאKאא

אאאkg1אK 
- אאאאאW 
 

א
א

אאא

ω

db




ADP
1

2

16 32

22

5


F3–7WE 

 
Wאאאא(1)אאאא 

 
db1= 32 0C,  wb1=22 0C ,  RH1=40%,  ω1 =0.0123 kg/kg ,  

  
h1=63.7 hJ/kg         ,v1=0.882 m3/kg           dp1=17.2 0C  

  
Wאאא(2)אאאאא 

 

Db2= 16 0C,  wb2=13.2 0C ,  RH2=73%,  ω2  =0.0083 kg/kg , J 
 

h2=37 kJ/kg         ,v2=0.83 m3/kg           dp2=11.2 0C 
- אאאאW 

532
1632

1

21

−
−

=
−
−

=
ADPTT
TT

η 

%)59(59.0
27
16

==η 
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- א)( wm& 
)( 21 wwmm aw −= && 

3600)0083.00123.0(1 ×−=wm& 
=14.4 kg/hr =14.4 L/hr/kg 

- א(Qcc) 
)( 21 hhmQ acc −= & 

= (63.7-37) = 26.7 kW /kg 
 

WאאAdiabatic Mixing  
אאאאאאאאאאאK

(AHU)אאאאאאK
אאאאא

Kאאאאאאא 
 אאא(m1)( m2)אאא

(m3)אא(3) 
 

אא

אאא

ω

db

1

2
3

3

2

1
1m

2m

3m

 
F3–8WEאא 
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אW 


321

mmm =+ 

 

א 


332211

wmwmwm =+ 

אW 


332211

hmhmhm =+   

אאW 
                                                                     

31

23

2

1
ww
ww

m
m

−
−

= 


31

23

2

1

hh
hh

m
m

−
−

= 

אאאאאא،א
(3)אאאא (1) – (2) אאא

אא(m1)(m2)K 
 

א(3)W 

21

2211
3 mm

TmTm
T

+
+

= 

21

2211
3 mm

hmhm
h

+
+

= 

21

2211
3 mm

wmwm
w

+
+

= 

אאאאאא
אK 

5W 
א)(32),(60 wbCdbC °°אא

)(5.0,)(5 wbCdbC °°Kאאאא3 kg،2 kgאאK
אאאאא،אK 

אאאא،(1)_)(60 dbC°)(32 wbC° 
א(2)_)(5 dbC°)(5.0 wbC° 
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א(1)(2)3:2א(3)  
אאאW 

kgkJh 693 =kgkgw 0118.03 =CdbT °= 5.38)(
3

 
אא)1()2(W 

kgKkJh /5.1071 =KkgkJh /92 = 
אW 

)2(א3hFEא)3( 
6W 

131 −smאאאאRHdbC %100),(1°−132 −smאאאא
RHC %50,22°Kאאאא

אאאWאאא؛אאאאK 
_אאאאאW 

א(1)_RHdbC %100),(1°− 
kgmvkgKkJh 3

11 774.0/5.7 == 
(2)א_RHC %50,22° 

kgmvkgKkJh 3
22 847.0/5.43 == 

 
אאא)( 1m&skgm 291.1

774.0
1

1 ==& 

אאאא)( 2m&skgm 361.2
847.0
2

2 ==& 
אFאא3m&Eskgmmm 652.3361.2291.1213 =+=+= &&& 

אאא(3)W 
kgKkJ

mm
hmhm

h /8.30
652.3

5.43361.25.7291.1

21

2211
3 =

×+×
=

+
+

=
&&

&& 

א (3) אאKאאאW 
kgkgw 0066.03 =%65)( 3 =RH 

kgmv 3
3 822.0=CT °=143 
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• אאאאW 
- אאWאאאא

אאאאאK 
- אאאאאאF

EאאאאFאאE 
- אאאאא

،אאאאאאאK 
- אWאאאאא

אא 
 JאאאאאאאאK 
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1 JאkgkgwdbC /0102.0),(30 =°אC10 °Kאא
אאאאאאאא

אW)(←=،)(↑=،)(↓= 
א  db wb RH w v h dp 

        
2 JאFEskg /16אאא)(15 dbC°

kgOHkg /2005.0אC°15KאאK 
3 JאFE hrkg /200 א

RHdbC %50),(20°KאאאאK 
4-s/m5.1 3אאא)wb(C30,)db(C45 °°אF

KEאאאאאא22W 
1א          2 JאK 

5 Jsm /5.1 3אאאkg/kg0102.0w),db(C30 =°א
)db(C10 °KאאC5 °Kאאא

אW 
אא 

א 
6 Jmin/m720 3F3LאEאאאאא)(24),(30 wbCdbC °°

אאאאWRHdbC %90),(15°Kא
אL/ hrK 

7 JאRHdbC %20),(12°)(37 dbC°
%90=RHKאאאאאאK 
8 Jsm /5.0 3אאא)(25),(45 wbCdbC °°)(38 dbC°אאא

אאKאאאא%90، 
אאאא 
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א 
9 Jskg /2אאא)(30),(35 wbCdbC °°skg /2.0אאא

RH100,C10 °.אאאאKK 
10 J s/kg10 אא)(25),(40 wbCdbC °°  skg /15 אאאא
RHdbC %50),(20°KאאאאאW 

IאאאIIאאIIIאK 
11 JRHdbC %50),(24°.אאאRHdbC %50),(4°Kאאאא

אאאאאKאאאאא40 %
אאאFאE60 %KאאאאאאאK 

12 JאFAHUEskg /8.0אאא)(28),(40 wbCdbC °°
skg /4.2אאאא%50),(24 dbC°Kאאאא

אאCADP °= 8Kאאא%80=ηאא
אאW 

  א 
  אאא 

13 J،אskg /5.1אאא 
FRHdbC %80),(4°−skg /5.4אאאאאRHdbC %50),(20°K

אאא)(35 dbC°)(19 dbC°Kאאא
אW 

  א 
  א 
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אאWאאא 
אאW 

אאW 
• אאאאאאK 

• אאאאאK 
• אאK 
• אאK 
• אאאאאאK 
• אK 

אאאW 
אאאא100אK٪ 

אאW 
3K 
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אאאWא 
Design Conditions 

 
אאאאאאאאאא

אאאאאאאאא
אאKאאאא

،אאאא
אאאאאא

97.5%אאK 
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אWDesign Conditions 

 JאאOutdoor Conditions  
 אאאאאא

אאאW 
C°26 wet-bulb temperature (wb) b-         C°43 dry-bulb temperature (db) a- 

אאאאאאאא
אW 

          a- dry-bulb temperature ( db) C°3                        b-  wet-bulb temperature ( wb) C°0      
hr Jan. Feb. Mar. Apr. May Jun. 
 db wb db wb db wb db wb db wb db wb 
1 15.38 12.44 17.00 14.22 20.33 17.28 22.89 18.61 25.67 20.56 27.33 21.61 
2 14.44 12.06 16.11 13.89 19.44 17.00 22.00 18.33 24.78 20.06 26.44 21.38 
3 13.72 11.83 15.39 13.61 18.72 16.72 21.28 18.11 24.06 19.83 25.72 21.17 
4 13.17 11.61 14.83 13.39 18.17 16.56 20.72 17.89 23.50 19.67 25.17 21.00 
5 13.00 11.50 14.67 13.33 18.00 16.50 20.56 17.89 23.33 19.61 25.00 20.94 
6 13.33 11.67 15.00 13.44 18.33 16.61 20.89 17.94 23.67 19.72 25.33 21.06 
7 14.22 12.00 15.89 13.78 19.22 16.89 21.78 18.28 24.56 20.00 26.22 21.28 
8 15.83 12.67 17.50 14.39 20.83 17.44 23.39 18.78 26.17 20.44 27.83 21.78 
9 18.17 13.50 19.83 15.22 23.17 18.17 25.72 19.44 28.50 21.11 30.17 22.39 

10 20.83 14.50 22.50 16.17 25.83 19.00 28.39 20.28 31.17 21.89 32.83 23.11 
11 23.83 15.56 25.50 17.17 28.83 19.49 31.39 21.11 34.17 22.67 35.83 23.83 
12 26.67 16.56 28.33 18.06 31.67 20.72 34.22 21.89 37.00 23.39 38.67 24.56 
13 28.83 17.28 30.50 18.72 33.83 21.33 36.39 22.50 39.17 23.94 40.83 25.11 
14 30.22 17.72 31.89 19.17 35.22 21.72 37.78 22.83 40.56 24.33 42.22 25.44 
15 30.78 17.89 32.44 19.33 35.78 21.89 38.33 23.00 41.11 24.44 42.78 25.56 
16 30.22 17.72 31.89 19.17 35.22 21.72 37.78 22.83 40.56 24.33 42.22 25.44 
17 29.00 17.33 30.76 18.78 34.00 21.39 36.11 22.56 38.89 24.00 41.00 25.17 
18 27.06 16.67 28.72 18.17 32.06 20.83 34.61 22.00 37.39 23.50 39.06 24.67 
19 24.72 15.89 26.39 17.44 29.72 20.22 32.28 21.39 35.06 22.89 36.72 24.11 
20 22.44 15.11 24.11 16.67 27.44 19.50 30.00 20.72 32.78 22.28 34.44 23.50 
21 20.44 14.39 22.11 16.00 25.44 18.89 28.00 20.17 30.78 21.78 32.44 23.00 
22 18.67 13.72 20.33 15.39 23.67 18.33 26.22 19.61 29.00 21.28 30.67 22.50 
23 17.28 13.22 18.94 14.94 22.28 17.89 24.83 19.22 27.61 20.89 29.28 22.17 
24 16.22 12.78 17.89 14.50 21.22 17.56 23.78 18.89 26.56 20.56 28.22 21.83 

F4–1WEאאאאא 
Riyadh Cooling Design Temperature Profile  
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 JאאאIndoor Conditions 

 אאאאאאאW 
 

אאא  CCa °→° 5.255.23:                     
 Jאא                                       RHRHb 6040: → 

 
אאאCCa °→° 5.235.21:                
אא   RHRHb 3020: →                    

אאאאאK 
 

hr July August Sept. Oct. Nov. Dec. 
 db wb db wb db wb db wb db wb db wb 
1 27.09 21.61 27.89 21.61 26.44 20.56 24.00 19.00 19.78 16.89 16.44 13.78 
2 27.00 21.39 27.00 21.39 25.56 20.33 23.11 18.72 18.89 16.56 15.56 13.44 
3 26.28 21.17 26.28 21.17 24.83 20.11 22.39 18.50 18.17 16.33 14.83 13.17 
4 25.72 21.00 25.72 21.00 24.28 19.94 21.83 18.33 17.61 16.17 14.82 13.00 
5 25.56 20.94 25.56 20.44 24.11 19.89 21.67 18.28 17.44 16.11 14.11 12.94 
6 25.89 21.05 25.89 21.05 24.44 20.00 22.00 18.39 17.78 16.22 14.44 13.06 
7 26.78 21.28 26.78 21.28 25.33 20.24 22.89 18.67 18.67 16.50 15.33 13.38 
8 28.39 21.78 28.39 21.78 26.94 20.72 24.50 19.17 20.28 17.06 16.94 14.00 
9 30.72 22.79 30.72 22.39 29.28 21.39 26.83 19.83 22.61 17.78 19.28 14.83 

10 33.39 23.11 33.39 23.11 31.94 22.11 29.05 20.61 25.28 18.67 21.94 15.78 
11 36.39 23.89 36.39 23.89 34.94 22.89 32.50 21.50 28.27 19.56 24.94 16.78 
12 39.22 24.56 39.22 24.56 37.78 23.67 35.33 22.22 31.11 20.39 27.78 17.72 
13 41.39 25.11 41.39 25.11 39.94 24.17 37.50 22.83 33.28 21.00 29.94 18.39 
14 42.78 25.44 42.78 25.44 41.33 24.56 38.89 23.22 34.67 21.39 31.33 18.83 
15 43.33 25.56 43.33 25.66 41.89 24.67 39.44 23.33 35.22 21.56 31.89 19.00 
16 42.78 25.44 42.78 25.44 41.33 24.56 38.89 23.22 34.67 21.39 31.33 18.83 
17 41.56 25.17 41.56 25.17 40.11 24.22 39.67 22.89 33.44 21.06 30.11 18.44 
18 39.61 24.67 39.61 24.67 38.17 23.72 35.72 22.33 31.50 20.50 28.17 17.83 
19 37.28 24.11 37.28 24.11 35.83 23.17 33.39 21.72 29.17 19.83 25.83 17.11 
20 35.00 23.50 35.00 23.50 33.56 22.56 31.11 21.11 26.89 19.17 23.56 16.33 
21 33.00 23.00 33.00 23.00 31.56 22.00 29.11 20.50 24.89 18.50 21.56 15.61 
22 31.22 22.56 31.22 22.56 29.78 21.50 27.33 20.00 23.11 17.94 19.78 15.00 
23 29.83 22.17 29.83 22.17 28.39 21.11 25.94 19.61 21.72  17.50 18.39 14.50 
24 28.78 21.83 28.78 21.83 27.33 20.83 24.89 19.28 20.67 17.17 17.33 14.11 

F4–2WEאאאאא 
Riyadh Cooling Design Temperature Profile  
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אSupply Point Room 
אאאאאאא

אאKאאאאא
אKאאאאאW J 
( )ttt RS ∆−=FE ( )Ct °−=∆ 128ASHRAEK 
( )ttt RS ∆+=FE ( )Ct °−=∆ 2015ASHRAEK 

אאא(Qs) Sensible heat 
אאאאאאאFEא

אאאאאKK 
אאאאאW 

W 
אא}/{ skgam =& 

}/{אאאא kgKkJpc = 
אאא}{ CT °=∆ 

אאאLatent heat(Ql)  
אאאאאאאאאא

אאאאאW 
W 

אאאא}/{ kgkJfgh = 
אאא}/{ kgkgw =∆ 

אא}/{ kgkJh =∆ 
אאאאאאאאאK 

W 
kWQs 16=kWQl 4.6=Kאאא

..%50),(25 HRdbC°אאK 
אאאtpcamsQ ∆××= & 

C
pcam

sQ
STRT °=

×
=

×
=− 6.10

006.15.1
16

&
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CSTRT °=− 6.10∴ 
אאאאאCST °=−= 4.146.1025 

אWwhmQ fgal ∆××= & 

fga

l
SR hm

Q
ww

×
=−=∆
&

ω 

אאkgkJh
fg

2500= 
אאאאW 

kgkg
hm

Q
ww

fga

l
SR 0017.0

25005.1
4.6

=
×

=
×

=−=∆
&

ω 

kgkgwR 012.0=אאW 
kgkgRS 0085.00017.00102.0 =−=∆−= ωωω 

 
אאאאאא(S)

אאK 
אאאאאRHdbC %50),(25°skg /5.1

אאאF4 J3KE 
 

א(S) א
)(m&  אאא)(db אא)(ω א
skg C°  kgkg 

1S 1.5 14.4 0.0085 

2S 2.5 18.6 0.0092 

3S 3.0 19.7 0.0093 

4S 3.5 20.5 0.0095 

F4–3WE 
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F4–1WEאאא 

 
א(S)אRSSSS ,,,, 4321א

אאאא Sensible heat factor (SHF)אא
אRoom Sensible Heat Ratio line (RSHR)  

אאאSensible heat factor (SHF) 
אאאאאאאא

אsensible heat factor (SHF)W 

ls

s

t

s

QQ
Q

Q
QSHF

+
== 

אאאאFאREאאSK
אא،אאאא(SHF)

אאאאאKאאא
אאאאאאK 

אאאאWHuman Thermal Comfort  
אאאאאKאאא

אאא،אאאאא
אאאאאאא
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א،אאאאאא،אא
אאKאא،אאא

אאאאאא
אאאK 

 אאאאKאא
אאאאאKPerspiration slows downK

אאאאאK 
אאא

אאאאK 
 אאאאאא،אא

אאKKאאא Fanger W 
nrespiratioskin QQQ &&& ±±= 

nrespiratioECskinERC QQQQQ )()( &&&&& ±+±±±= 
א(+)(-)  אא)( skinQ&א

)( nrespiratioQ&א)( CQ&א)( RQ&א)( EQ&א
אאאאאא

אאאאאא metabolic heat 
generation 

אאאאאאW 
אאKW 

–אאא(dry bulb temperature) 
אאא(mean radiant temperature) 

א(relative humidity) 
אא(air velocity) 

אW 
אא(clothes insulation) 

א(level of activity) 
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אאאא)(db 
אאאאFEאא

FאאאEאאאא
אאFאEא6330 ′′−אאKאאא

אאאאK 
אאאEffective Temperatureאאא 
 F100% Eאאאאא

אא15-25 fpmK 
אאאא68 0F(20 0C)אאאא

אאאW 
 

אא 
C° F° 

אא%

25.6 78 10 
24.4 76 20 
23.9 75 30 
23.3 74 40 
22.8 73 50 
22.2 72 60 
21.7 71 70 
21.1 70 80 

F4–4WEאאאFאE 
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אאאא71 0F (22 0C) אאאאאא
אW 

אא 
0C 0F 

אא
% 

26.7 80 25 
26.1 79 30 
25.6 78 40 
25.0 77 50 
23.9 75 60 
23.3 74 70 

F4–5WEאאאFE 
 

אאcomfort zoneאאא 
אאאאאאאא

אאאאא 
 

[26.7°C][21.2°C]

60
 %

RH

30 % RH

wet b
ulb tem

pert
ure

dry bulb temperature

H
um

idity R
atio

 
F4–2WEאא 
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אא 
 אאאאאאKאא

אאא،א(ASHRAE)min/30 ftא
min/30 ftאK 

אF(Mean Radiant Temperature 

 אאאאאאאא
אאאאאK 

א(Relative Humidity) 
 אאFE 

אאאW 
אא(Clothes Insulation) 

אאאא
אאאKאאFE،אא

אFאEאFאאאE 
א(Level Of Activity) 

אאא،א،אאא
אאאאאאKאאאאא

אאאאאא
87 Wא115 Wאאאאא

א440 א WKאאאא
אאאK 

אאאא،אאאא
א1000 ppmKאא

אאאאאא(Indoor Air Quality, IAQ) 
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אWVentilation Requirements 
אF4 J5Eאאאאאאאאא

אאKאאאא( )s
L

אאאאאאא[Air changes per hour (ACH)]K 
 

א ACH ( )s
L 

1. 1.5-3 10 

2. 10-20 8 

3.א 20 8 

4.א5 10 

5. 5 10 

6. 4 10 

7. 2 13 

8. 2-4 10 

9. 0.5-1 8 

F4 J6WEאא 

 
 



א 172  אאא 
 אא א 

  
 

 - 49 -

 
 JאWאאFאאאאEאאא

FאאאאEאאאאאא
אאאאאK 

 Jאאא(SHF)אאאאאא
אאאK 

 JאאאאאWאאאא،א،W،אא
אאאK 

 JאאWאאאאאא
אאאאא 

 Jאאאאאאאא
אאאאאאK 
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1 Jאאאא؟אא 
2 Jא؟؟אאאאא 
3 Jsm /0.1 3אאא)(28),(32 wbCdbC °°RHdbC %100),(20°K

אאאאאאאאK 
4 Jאאא(S)אא(R)

KT 9=∆KאאאאאW 
iאאא%80=SHF 

iiאאאRHdbC %50),(5° 
5 JRHdbC %50),(21°א14 kWאא1.5 kW 

אאאאC°12Kאאאאא
אK 
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אאWאאאאאK 

אאW 
אאW 

• אאאאאK 
• אאK 
• אאK 

אאאW 
 אאאא100אK٪ 

אאW 
3K 
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אאWאאא 
Air Conditioning Cycles 

 
אאאא

אאאKאאאאאא
אאאאא،אאא

אKא،אLא،א
אאKKKאKאopen air conditioning 

cycle)EFאאEFאאKE 
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אאאWBasic Air Conditioning Cycle    
אאWSummer Cycle 

 

R

S

O M

R





J
F5–1WEא 

 

אא

אאא

ω

db

ة واء نموذجي عملية تكييف ه

O

R
M

SADP

 
F5–1WEאאא
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אMאRאאאOK
אMאאאKאא75%אאF

אאאאE25%אאFאאאאEM 25%א
אRK 

אMאאאא(db)א
א)(24 dbC°אא)(36 dbC°אMW 

RO

RROO
M mm

TmTm
T

+
+

= 

)(27
75.025.0

2475.03625.0 dbCTM °=
+

×+×
= 

אא%100=ηאאאאאא
אADPFאאEאא

אאאKאSאאא(SHF)אא
אM(ADP)K 

אאאא
אK 

אאWWinter Cycle 
 


F5–2WEא 
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R

O

M S

ةفاجلا ةرارحلا ةجرد

ةيعونلا ةبوطرلا

 
F5–4WEאאא
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אWCase Study 
אאאF5 J5EאאאW 

 Jאאs
kg26.1supply air =

 Jאאאfresh air %20אאreturn air %80 
 JאאאBWCBDC .5.19,.28 °° 
 JאאאאHRBDC .%50,.22° 
 Jאאאאא°°

airdrykg
kgBDC 00735.0,.10 

אאאFא
אאא،א،אא،אEאא

אSHFאאאאאK°1K°2
אאK 

 

 
F5–5WEא 
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F5–6WEאאאא 

 
kgkJhO /36.55=  kgkJhR /39.43=  

kgkJhM /784.4536.552.039.438.0 =×+×=  kgkJhW /6.28=  
kgkJhB /6.29=  kgkJhS /6.31=  
kgkJhL /8.40=   

אW 
)()()( WRRWOOWMMcc hhmhhmhhmQ −+−=−= &&&  

 
kWhhmQ WMMcc 652.21)6.28784.45(26.1)( =−×=−= &  

אW 
אFאאאEvQFresh air  

             )( ROOv hhmQ −= &  
                 kW0.3)39.4336.55(26.12.0 =−××=  

אא LQLatent Load  
 
        )( LRRL hhmQ −= &  
             kW26.3)8.4039.43(26.1 =−×=  
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אא sQSensible Load 
      )( sLRs hhmQ −= &  
 
          kW592.11)6.318.40(26.1 =−×=  

אאFאאאEDuctfanQ +W 
 )( WSRDuctfan hhmQ −=+ &  
                          kW78.3)2866.31(26.1 =−=  

אאאW 
 א אאkWא%
1K אאאvQFresh air  0.3 86.13 
2K אא LQLatent Load  26.3 07.15 
3K אא sQSensible Load 592.11 59.53 
4K אאאEDuctfanQ +W78.3 46.17 
5K א 632.21 100 
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1 Jאא54 kWאא6 kWKאאאא
RHdbC %50),(25°.אאאאאאC°10KW 

אאאאK 
אאK 

אא 
2 J،א540 L/sא)(23),(32 wbCdbC °°2850 

L/sאא RHdbC %50),(24°.אא90 % RHK
אאאא70 %KW 

Iאאiiאאאאא 
iiiאKivאאאאאא،K 
3 JאKאאא

0.70אאskg /5 KאאW 
 אאא                  RHdbC %50),(24° 
 אא                RHdbC %10),(40° 
 אאא0.008 kg / kg ( dry air ) 
 אאאאRH%60. 
 א1/3    

אאאאW 
Eאא 
Eא 
Eא 

4 JאKאאא
0.90אאskg /5אאW 

 אאאRHdbC %50),(24° 
 אא)(0),(4 wbCdbC °° 
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 אאאא)(34 dbC° 
 אFאאLאאאE1 : 3 
 אאאא،אW 

אאFאאE 
5 J 950 L/s אאאKאאא

35),(25)(א wbCdbC °°אאאאRHdbC %45),(27°Kאא
א0.8אאאא90 %KW 

Iאii א 
iiiאL/hr K 
6 Jא5.5 kWאאRHdbC %50),(24°.אא

א)(27),(35 wbCdbC °°Kאאאאא1/3K
אאאאאC°10אא

אKאאאאאאא
אאא)(15 dbC°KאW 

Iאאא 
iiאאאאאאFאEאאאא 
iiiאאאiv                                          אK 
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אאWאאK 
אאW 

אאW 
• אאאאK 

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

אאאW 
 אאאא100אK٪ 

אאW 
8K 
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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  
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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 
אאאאאא 

אאאKKאאאאאא
אאK 

אאאFאscheduling(  
אאK 

WאWCooling Load Calculations  
אאאWF(Space Heat Gainsאאא

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

אK 
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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

אF6 J1Eאאאאא(instantaneous heat gain)א
אאאאFאאאHאאא

אאEאאKא
אאאאאא

אאF6 J1KE 

 
F6–1WEאאאאאאאא 
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 אאאאאאאאאא
אאא(air-to-air temperature)אW 

( )
iow

TTAUQ −××Σ= 
 

 אאאאאא}{ CT
i

°= 
 אאאאא}{ CT

o
°= 

א،אאאKKKא}{ 2mA = 
}{אKKKKאאא،אא 2 KmWU = 

אאאא)(Uאאא
אאאא)( ihאא)( ohאאא

אF6 J1EאW 
אאאא)(Uאא 

∑++=
k
x

hhU
io

111 

W 
א}{mx = 

אאא}/{ mKWk = 
 

א אאא }/{ 2 KmWh
א  10 

א  6 

אא FאE 8 

6.7א m/s א 34 

א3.4 m/s א 23  
  

F6–1WEאאא 
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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  

F6–2WEאאאאא 

אF6 J2Eאאאkא}/{ mKWאא
אאK 

אאאאא(insulants)אאא
אאK 

1W 
אאא،אUאאאא

אKmWh 2
0 /20=אאאאא

KmWhi
2/10=K 
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F6–2WE 

אW
4

4

3

3

2

2

1

1

k
x

k
x

k
x

k
x

k
x

+++=∑ 

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)( eTSol-air Temperture  

אאאאאאאאא
אאאאאאאא

אאאא)( eT 
0/)( hITT oe α+= 

oes TTT −=∆ 
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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 


F6–3WEאאאא 

אאאאאאאאW 
)(

ssun
TUAQ ∆Σ= 

W 
אא}{ 2mA = 

אאאא}{ 2KmWU = 
אאאאאאאאאW 
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א α 
 0.55  –  0.70 

 0.4 –  0.5 

 0.3 –  0.5 

א 0.8 – o.9 

 0.65 

 0.9 

F6–3WEא 
 

 
אאאאאאא

אאאאW 
)( iew TTAUQ −= 

W 
 אא)(IאאאאאW  
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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 

F6–4WEאאאא
א)( 2mW 
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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 

F6–5WEאאא)( 2mW 
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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 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  

F6–6WEאאא)( 2mW 
  

אאאאאאא
אאאאאאאאא

אאאאאאאאאFאא6 J6KE
אאאKאא

אאאאאאא
אאK 

אאאאאא
אא،אא،KאK

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

2W 
mmm 346 ××אmm 5.12 ×

אmm 2.15.1 ×Kאאאאאא)( wQW 
 Jא40),(30)(א 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 2 2m  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 

F6–7WE2 
אאאא                          kWWQw 987.38.3986 == 
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אאאא ( )radQ 
 אאאאאאא

אאאאאאאא
אאאאאא

אאאאאאא
אאאאK 

 
F6–4WEאאא

 אאאאאאא
אא،אאאאאאא
אאK 

אאאאZאאאHאאאHא
אK 
 אאאאאאאW 

( )SCIAQrad ××= 
W 

אאאא[ ]kWQrad = 
אא( )2/ mWI = 

א[ ]NoneSC = 
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 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 

F6–8WEא 
  

אאאאאאאF
אאEאא

אאאאאאאK 
 

א













א


א


F6–5WEאאא 
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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 

אאאאKF6 J9Eא
אאאאF6 J10Eאאא

אאא3.35 m/sאK 
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א msL // 

FE 0.36 

FE 1.00 

 0.72 

K 1.70 

K 1.44 

–א 0.50 

F6–9EWאא 
 

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 

F6–10WEאאא 

 
אאאאאא،אא
אא 

אאאW 
1אvsQ 

)( iop
o

vs TTc
v
VQ

air
−=

& 
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W 
אאא[ ]smV /3=& 

אאאא[ ]kgmvo /3= 
אאאא[ ]kgKkJc

airp /006.1= 
 

2 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) 
אאאZאאאא×א 
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 אאאאאא
F611Eאאאא(ACH): 

 
אא אא(ACH)

– 6-10 

 3-4 

 4-6 

 4-6 

 5-10 

 6 

 6 

––20 

F6–11WEאא(ACH) 
 

אW 
  אאאZאאאאא×א 

אאאאאF612EאW 
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א(L/s) אא א
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 

F6–12WEא 
3W 
 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

hO


F6–6WE 
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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 
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 אF6 J13EאאאW 
 

אא א)/( 2mW
 60 

 45 

א– 40 

–– 20 

 17 

– 15 

F6–13WEא 
 
אF6 J14EאאאאK 
 

א  אא 
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 

F6–14WEא 
4W 

אאאאאא50 100 W20
40 WK 

אW 
tflourescenbulblight PNPNQ )25.1()( 2211 += 

402025.110050 ××+×= 
kWW 6600010005000 ==+= 
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5W 
 א250 mאKאא

אW 
 Jא100 WK 
 Jא40 WK 

אאאאK 
אW 

אF6 J13E،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 
 א،אאא

אאKאאאאאאא
אאאאאאאאא

אאאאאא
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אmetabolic rateאKאF6 J15Eאאאא
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 

F6–15WEאאא(w) 
 

אאאאאאW 
( )..FDqnQ

ss pp ××= 
אאאאאא 

( )..FDqnQ
LL pp ××= 

W 
 אאאאn =                                        

 א( Diversity Factor, DF) אאאא
אאאF6 J14E                                                         

   
 אאאא =

spq 
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אאאא       =Lpq 
6W 

אאאאא،אאאאאא
100אKא(DF=1) 

אW 
אF6 J15EאאאW 

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 

7W 
 אאאאאא20.5 kW
70%. 
אW 

( )EQE ∑ −= η1 
kW30.05.0)7.01(2 =×−×= 
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 א( )mQ 

 א،אאL
א،אKאאאאא

אאאאFKאאאאאE 
8W 

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


F6–7WE 
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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 

F6–16WE 
 
 

אאאאאkWWQw 439.186.1438 == 
אאאאZאאHאאFאE 

אא( )SCIAQrad ××= 
אאF6 J8E83.0=SC 

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

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

W3.105125.635.1 =××= 
אאאאא 

kWWQsol 284.19.12833.1056.1178 ==+= 
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אאאאFPNQL ××= 
kWW 300.030025.1604 ==××= 

אאאאא( )..FDqnQ
ss pp ××=

W2161723 =××= 
אאאאא( )..FDqnQ

LL pp ××= 
W1351453 =××= 

אאאאאls ppp QQQ += 

kWW 351.0351135216 ==+= 
אאאW 

אאW 
אאkgmvo /916.0 3=kgkJh /810 = 

אאאkgkJhi /58= 
אאאאsmsLV /030.0/30103 3==×=& 

אאskg
v
Vm

o

/033.0
916.0
030.0

===
&

& 

אאאW)( iov hhmQ −= & 
kW759.0)5881(033.0 =−= 

אאאאאא)( RQvplsolwR QQQQQQ ++++=
kW133.4759.0351.0300.0284.1439.1 =++++= 
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 WאHeating Load Calculation   
אאאאאW 

 אאא،א،א،אאאאא
אKKא 

 אאאאאאאאאא
אK 

אאאאאאא
אאאאאFohKE 

אאא
אאאאאאאאאא

אא(air-to-air temperature difference)אFא
אEאאאאאאאK 

אאאאאאW 
 JאאאאאאCo15 
 Jאאאאאא،א

(adiabatic conditions )  
אאאאאאאא

אאא 
אאאאK 

אאאW 
אאא (SHF)،אאא

 

ls

s

T

s

QQ
Q

Q
Q

SHF
+

== 

W 
אא}{WQ

s
= 

אאא}{WQ
l
= 

אא}{WQ
T
= 
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אאאW 
 אאW 
 אאאאאW 
 אW 
 אW 
 אW 
 אאאWאא 

 

9W 
 

18

24

N

28

 
F6–8WE9 

 
אאאF6 J8ERHdbC %50),(24°K

אאאm24אm25.4m3א
mm 5.22 ×KאאאאאW 
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 אאKmWU 2/7.0= 
 אKmWU 2/5.0= 
KmWUאאא  2/2.3= 
 אאKmWU 2/6.1= 

 Jא100 
 JאאW72אW45א 

 Jאs
L5 

 Jא210 m
W 

אאאא)(6),(10 wbCdbC °°א،אא،
אאאאK 

אW 
אאאאאאאאא

אאאאאאא
אאאW 

F6א بالتوصيل للجدران  الفقد الحراري) أ ( J17WE                                

)( iow TTUAQ −= ∑ 
 

 }/{ 2 KmWU)( 2mA )( io TT − }{WQw 
אאא 0.7  76.5 -14  -749.7 

אאא 0.7  76.5  -14  -749.7  

אאא 0.7  8.5 -14 -957.95 

אאא 0.7  102 -14 -83.3 

אאא 3.2 102 -14 -4569.6 

אאא 1.6 15 -14 33.6-  

א 0.5  504  -14 -3528 

אאא10713.5-  א  

F6–17WE9  
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אאאא)( wQkWWQw 714.105.10713 −=−= 
                             182810אאאא ××=LQ  

                                                                                                 kWW 040.55040 ==  
אאאאא( )..FDqnQ
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אאאאאא)( NOsv hhmQ −= & 
kW680.8)5.345.20(62.0 −=−= 

אאאאאא)( RN hhmQ lv −= & 
kW680.8)5.485.34(62.0 −=−= 


ls vvv QQQ += 
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)( ROv hhmQ −= &
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1 Jmm 34 ×אKmWU 2/57.0=mm 21 × 

אKmWU 2/6.1=mm 75.05.1 ×Kאאא
אKmWU 2/2.3=Kאאאאאא

אאאאאKT 16=∆K 
2 Jmmm 368 ××אאACH=2Kא

אK 
3 Jmm 68 ×א،2/60 mWKא40 W
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א m&  skg / Mass flow rate
א m kg  mass

אLאw
m&  skg /  Condensed water

אא am&  skg /  ِAir mass flow rate
א p  Pa  Total pressure 

א p∆  Pa  Pressure difference
אא ap  Pa  Air  pressure

א vp  Pa  Vapor pressure
אאא R  kgKmoleJ −  Universal gas constant
אא R  kgKJ  Gas constant Specific 

אאא pc kgKJ  Specific heat
א ccQ  W  Cooling coil capacity  

א hcQ  W  Heating coil capacity 
אאא sQ  W   Sensible heat load  
אאא lQ  W  latent  heat load

אאא SHF  -  Sensible heat factor
אא aV  3m  Air vlome

א vV  3m  Vapor volume 
אאא aT K  Air temperature

אא vT  K  Vapor temperature
אאא dbT  C°  Dry bulb temperature
אאא wbT  C° Wet bulb temperture

אא RH %  Relative humidity
אא ω kgkg  Specific humidity
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אא tQ  W Total load
א TR  TR  Ton of Refrigeration

אאFאE cQ W  
Wall gains 
(conductive heat 
gains)

א 
rQ W  Radiation load

א p
Q W  Heat gains from 

people
א lQ  W  Heat gains from lghts 
א vQ  W  Ventilation load

א eQ W  Heat gains from 
equipment

 mQ W  Miscellaneous  loads
אאא SHF  -  Specific heat factor

אאאאU  KmW 2  Overall heat transfer 
coefficient

אאא
א RT C°  Room or space  

temperature

אאאא iT C°  Internal temperature
אאא oT C°  Outside temperature

אאא ST C°  Supply air 
temperature

אא T∆  C°  Temperature 
difference

א I 2mW  Radiation intensity
א α  -  Absorptivity factor

אאאאא
i

h  KmW 2  Internal heat transfer 
coefficient

אאאא
o

h  KmW 2  External heat transfer 
coefficient 

א h kgkJ  Enthalpy
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א SC  -  Shading coefficient

אא 
vs

Q W  Ventilation load -
sensible

אא vlQ W  Ventilation load -
latent 

אאאא
א o

v  kgm3  Specific volumeat 
outside conditions

אאא fgh  kgkJ  Latent heat of 
vaporization

א V  3m  volume 

אא Q 13 −sm  Discharge (volume 
flow rate)

 Nn , -  number
א F -  Lamps factor
א DF -  Diversity factor

א η  -  efficiency
א sη  -  Saturation efficiency

אא β  -  Contact factor
אאא ACH  1−hr  Air change per hour

א CL  W  Cooling load
א hp hp  Horsepower
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