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717R  4 5.0   
502R   12.0 400  
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Temperature Pressure v′ v ′′ h′ h ′′ 
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אאאSimple Vapor Compression Cycle (VCC)  
אאא אRankine Cycle.אא
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21א→אProcess 1-2: Isentropic Compression (S=c)
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1st Law Analysis 
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אאאאPerformance of VCC  
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אא)( eTא)( cTא)( cW
אא)(COPK

אא،אאאאאW
F١E אאFאE

אאאאאא
C°50אR11

ET RE wc COP 
C° kgkJ / kgkJ / J 

10 151.16 28.23 5.35 
0 146.02 36.37 4.05 

-20 135.74 51.65 2.63 
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אא22RCTe °−= 20
kgkJh /07.3971 =

אhp −א(2)kgkJh /0.4372 =
אא22RCTc °= 30

kgkJhh /70.23643 ==
אא41 hhRE −=

kgkJ /37.16070.23607.397 =−=
אkg12 hhwc −=

kgkJ /93.3907.3970.437 =−=
אא016.4

93.39
37.160

===
cw

RECOP

אאאK7W



א١١١ אא
אאא

 
 

- ٣٧ - 

CT °−=+−= 137207א)7(אאCT °−= 137א
bar455.2א)8(אא)7(א
bar88.11hp −K

א)87( −אW
kgkJh /4438 =kgkJh /400

7
=


אא47 hhER −=′

kgkJ /3.1637.2360.400 =−=
אkg78 hhcw −=

kgkJ /43400443 =−=
אא798.3

43
3.163
==

′
=′

′cw
ERPCO

אאא)( REER f′אאא
)COPPCO( <′K



א١١١ אא
אאא

 
 

- ٣٨ - 

אאא
אאW

p

1

2
3

4

5

6
7

8

9

10

 
F١–٢٣WEא


א(1234)א،אאא(78910-11-56)א

אאאKאאאW
אאאW(11-5)אא،(68) א،(89)،

(10-11)אK
א(9-10)א (polytropic) nK

אK
אאאאאFE

אאאאאK
אאאא)2010( kPa−א
אאאא1KK





א١١١ אא
אאא

 
 

- ٣٩ - 

א
Jאא،א،א،אאאK 
-،אאאאאא(x=1)

א(x=0)K
JאאאאW
GאFאE
GאאאFאאE
GאאאFאE
GאאאFאאE
Jאאאאא
FאאאאK

JאאאאאאאK



א١١١ אא
אאא

 
 

- ٤٠ - 


١J)22(RKאאC°−10אאC°50K

אאFKEאא
אא،א،אאאאאK

אא)(COPK
،אאאK

٢-7°Cא(R134a).אmin/3103.5 kJ×
אא32°C    KאאאW

- אאא)(COPK
- אאKאאC°24C°30K

אFkgKkJc
waterp /18.4=E 

٣אC°− 20R22،
70א kWC°40אאאא7 K

אאאאK
א،אW

אא
א
א
אאאא

٤(R717)אC°− 20,50 C°
אאKאאאאא

KאאאאK
אא،אאאאאK

אkWK
٥אאאWאC°− 4F

E،C°45FEא،R12Kאא



א١١١ אא
אאא

 
 

- ٤١ - 

C°5.24C°37Kאאhrm /1 3K،אאא
אW

אאאאא
א

א
א

אא
٦א(R717) 2.2634 bar ، 11.669  bar

אKאאאאאאאא
1 kg/sאאאW

(i)אאK
(ii)Jאא 10 K אאא

אK
٧R12C°−10C°40Kא

،אאאC°60 אKאא
א1 kg/sאאאK

٨אאR22 5 bar    21.5 bar 
אא،אאאC°85

[אKאאאא2 
 [ 2 T.R ] ٠

٩א 0.80  kg/s  אאאC°5C°30Kא
אאאא14.7 א bar אא

א12 Kא،W



א١١١ אא
אאא

 
 

- ٤٢ - 

אK
אאאK

אאK
אאאאאאאK
Fאאאא

Kkg
kJc

p
005.1=E





א١١١ אא
אאא

 
 

- ٤٣ - 

אאWא Refrigerants
אאאאא،

אאאאאאא
א،אאא

KאאאאאאW
- Non-poisonousK
- Non-explosive. 
- אNon-corrosiveK 
- Non-flammable K 
- אK 
- אK 
- אFEK 
- אאאK 
- אאK 
- א––אK 
- אא

אK 
- אאאאK 
- אאאאkg

אK 
- אאאאא

אאK 
אאאאFאEאא

אאאאאKאאאא
אC°−15C°30K

אW



א١١١ אא
אאא

 
 

- ٤٤ - 

- אאGroup IWאאFא–אKE
WR-12،  R-22، R-502 

- אאGroup IIW،R-40 (Methyl chloride)R-
764 (Sulfur dioxide) 

-  אאGroup IIWאא،R-170 

(Ethane) R-290 (Propane) 


אW
١K אאPrimary RefrigerantsW 

אR-12، R-12 R-502אאPRIMARY 

REFRIGERANTSאאאK
٢K אאSecondary Refrigerants:

אאא،א،אא
אא،א(brines)،אא،(methyalcohol) אK


אאIdentifying Primary Refrigerants 

אא(R)אא
אא،אאא(ASHRAE)K


אFאEW

١K אFChlorofluorocarbons CFCs E،א
אאFKEWR11 ، R12 و R114K 

٢K א)Hydrochlorofluorocarbons or HCFCsE
א،א،אאKWR-22 or R-123.  

٣K אHydrofluorocarbons or HFCs אא
،אWR-134a.  

٤K WK



א١١١ אא
אאא

 
 

- ٤٥ - 

אאאא
١K אFlurocarbons :

אאZאאJ١
אאZאאH١

אR22, …., R11אא
אאZH١Z١
אאZאאJ١

אאZאאJ١


אאZאא


אאZאאא


١W
١٢Dichlorofluromethane 12

אאZH١Z١
אאZ١J١Z

אאZ٢
אW

CF Cl

F

Cl
R12

∴אאZ٢
אאR1222FCCl



א١١١ אא
אאא

 
 

- ٤٦ - 

٢W
٢٢Monochlorofuromethane R22  
אאZH١Z١

אאZ٢J١Z١
אאZ٢

א

CF Cl

F

H

R22
∴אאZ١

אאR122CHClF


٣W
١١Trichloromonofluromethane R11 

אאZH١Z١
אאZ١J١Z

אאZ١
א

CF Cl

Cl

Cl

R11
∴אאZ٣

אא١١FCCl3




א١١١ אא
אאא

 
 

- ٤٧ - 

HFC) א(
W

א Tetrafluroethane)( 23 FCHCF
אאZאאJ١Z٢J١Z١
אאZאאH١Z٢H١Z٣
אאZאאZ٤

-  
- א 

C C

H

H

F

F

F F

R134a
- א)( 23 FCHCFR134a 


אאInorganic Refrigerants 

אH700R(700+mwt)


F١WE
אFאE3NH

אא١٤H٣Z١٧
א717R


F٢WE

א2CO
אאZ١٢H١٦×٢Z٤٤

א744R




א١١١ אא
אאא

 
 

- ٤٨ - 

F٣WE
אOH 2

אאZ١٦H٢Z١٨
א718R


אאא

אאאאKF١–١Eאא
אאאאאאK


אאאאאא

 OrangeTrichloromonofluoromethane)( 3 FCClR11 

 WhiteDichlorodifluoromethane)( 22 FCClR12

Pale BlueMonochlorotrifluoromethane)( 3CClFR13 

א PurpleTetrafluroethane)( 23 FCHCFR134a 

 GreenMonochlorodifluoromethane)( 2CHClFR22 

Monochlorotrifluoromethane)( 3ClCHR40 

Orchid- )115%2.5122%8.48( RR +R502 

 Silver Ammonia )( 3NHR717

F١–٧WEאא 


אא،אאW



א١١١ אא
אאא

 
 

- ٤٩ - 

אאאThermodynamic Properties 
אאא  Temperature & Pressure

א(boiling point)אאאאאW


א)( C°א
23.7 R11 
-29.4 R12 
-81.4 R13 
-26.1 R134a 
-40.8 R22 
-11.8 R40 
-46.0 R502 
-33.0 R717 

F١–٨WEאאאא 


אא  R13Jאאא
Cascade systemsJKאאאא

אאאאאאא
R134aאא(T)א(p)אא،(v)אא

א(h)אאאאאאW


אאאאאאאאא

}/{ kgkJL }/{ kgkJh ′′}/{ kgkJh′}/( kglv ′′}/( kglv′}{barp }{ CT ° 
215.37 381.71 166.35 188.56 0.726 1.020 -26 
214.75 382.34 167.59 180.67 0.728 1.067 -25 
214.13 382.97 168.84 173.18 0.730 1.116 -24 

F١–٩WE بعض من جدول وسيط التبريدR134a 


אאאאא
אאאK



א١١١ אא
אאא

 
 

- ٥٠ - 

אאSpecific volume (v) 
אאאC°−15Jאא

(x=1)JאאאW


אא)/( kglא
766.73 R11 
91.45 R12 

- R13 
279.3 R40 

120.15 R134a 
77.70 R22 
50.02 R502 
507.9 R717 

F١–١٠WEאאא 


אאאאא


אאא∗אאא◊א
)min//( kWkg )/( kgkJ )/( kgkJ  

0.383 156.73 195.30 R11 
0.512 117.16 159.55 R12 
0.408 146.96 208.29 R134a 
0.369 162.47 217.00 R22 
 R40 ـ 349.058 0.172
0.575 104.39 156.61 R502 
0.054 1104.68 1311.3 R717 

F١–١١WEאאאאאא 
∗אאC°−15C°30
◊אאאC°−15





א١١١ אא
אאא

 
 

- ٥١ - 

אאPhysical Properties 
אאאאאאא

אאאאאK
אאאW

J אא Oil MiscibilityW
אאא،אאא

אאאאKא
אאאאאאאאאK

אאאאW


אא؟א
 R11 

R12 

R13 

 R40 

 R134a 

 R22 

R717 

F١–١٢WEאא 




א١١١ אא
אאא

 
 

- ٥٢ - 

אאOdorW
אאא

slightly ethereal  R11 

slightly etherealR12 

slightly etherealR22 

slightly etherealR502 

pungent R717 

F١–١٣WEאא 


א(safety)W
אאאאFאE

אאKאאא
אW

אא
R11 

R12 

R13 

R40 

R134a 

R22

R502 

R717 

F١–١٤WEא 





א١١١ אא
אאא

 
 

- ٥٣ - 



אאא
R11 

R12

R40 

R134a 

R22

R502 

R717 

F١–١٥WEאא 


אאW
אFאEאאאא

אאאאKא
אאאאFאE

אאאKא
אאאאאאא
אאאאאאאאאK

،אאאאא
אאKאאW

١K אW 
אאאאאאאא

(ppm)W
א אא(ppm) (ppm) 

R134a 515 
R22 30 100 

R502 15 50 

F١–١٦WEאאא



א١١١ אא
אאא

 
 

- ٥٤ - 

אאKא
אאאאK


٢K אאW

אאאאאאאW


אאא 
C° R12 R22 R500 R502 R13B1 

-40 1.7 120 48 40 2 
-20 3.8 195 81 69 5 
0 8.3 308 129 115 10 

20 17 472 200 180 21
40 32 690 293 278 40 

F١–١٧WEאאאא 


אאאאאK

אאFאWE

אאאאא
אאאKאאאאא

אאאאא
MPa40אאאאKאא
MPa180אאMPa80אאאאא

אאK
אאאאאאאאאא
אK


אאאאאאאאW

- אאאאא
אאאאK

- אאK 



א١١١ אא
אאא

 
 

- ٥٥ - 

- (Relief valve)אאאא
אאאאאאאK 

- (Check valve )אא
אאא،אאא

אאאאאאא
אK 

 
Wאאא

١–אאאFאאEK
٢–אאFאKE
٣–אאאאK


١אאאFאאE–
אאאאאא

אKאאאאאאא
אאאאK

٢אאFאE
אאFאאאא
אEאK

٣אאאא
אא

Kאאאאא
אאK

אאאHow to Choose a Leak Detector? 
אFאCFCsE

אKאאאאא
؛אאאK



א١١١ אא
אאא

 
 

- ٥٦ - 

אאאאK
אאאאאW

- אK
- אsystem sizeWאK 
- אWאאאא،א،

אKKKKKK 
- אWאאאאK 
- אWאאא،WK 




א١١١ אא
אאא

 
 

- ٥٧ - 

אאאא
א١١Trichloromonofluromethane R11 FCCl3  

- C°7.23 אאK 
- K 
- K 
- אK 
- אאאK 
- אאאאאK 
- אאאK 
- אאFEHalide torchK 
- אאK 
-  

אDichlorodifluoromethane R12)( 22FCCl
- אאK 
- C°− 4.29K 
- ،אK 
- K 
- אC°− 68אאאא

אאאא
אאK 

- אאFEHalide torch 
- אאK 
-  

אTetrafluroethane)( 23 FCHCF-  (R134a)
- HFCא12RK 
- אאאא،א،אאאאK 
- ،אאK 
- C°− 1.26K 



א١١١ אא
אאא

 
 

- ٥٨ - 

- א)0( =ODPK 
- אאR12K 
- אאC°25K 
- אlight blue 
- אאK 
- אאאא(molecular sieve)K 
- אאאא(silicone gel) 
- אא،אא(florescent dyes) א

אKKKאאK 
 

אF٢٢EMonochlorodifluoromethane (R22)   )( 2CHClF   
- C°− 8.40 
- אאאאאאא،

אאאאאאK 
- ١٢אאאאK 
- אאC°− 9אאאK 
- אאFEHalide torch 
- אאאK 
 

אא٢٢א١٢W
- אאא60%אאאאא

١٢KאאאאאאR22
60%אאאR12K 

- אאאאR22אאR12K 
- אR22אאFאEאR12

R22אK 



א١١١ אא
אאא

 
 

- ٥٩ - 

- אאC°− 29C°− 40אא
אאR22R12אאא

אK 
- אאR12אאאאאאא

K
- 

אF٥٠٢E)11522}({ 522 RRClFCCHClF ++502R
- 48.8%R22+51.2%R115K 
- K 
- אK 
- אFC°−18C°− 51KE 
- אאK 
- אאאK 
- C°− 46אאK 
- אאאR12R22K 
- אR22אR12(condensing 

pressure)אאאאK 
- אאאאאK 
- אאאא٢٢

(R22)K 
- א(orchid)אK 

אFאFE3NHR717(

- אאK 
- אK 
- K 
- אK 



א١١١ אא
אאא

 
 

- ٦٠ - 

- אאאkgא
 Kאאאאא

- C°− 33אאK 
- אFאאER12R22אאK 
- אאאאאאאK 
- א–אאאאאא

אאK 
- אאאאK 


א)764(2 RSO 
- אאאאK 
- K 
- אאאאא ١٩٢٠

١٩٣٠K 
- א40(א( 3 RClCH −אאאK 
- C°−10אאK 
- אאK 
- אאאא)( 32SOHא

)4( 2SOHאאאK 


 
א)744( 2 RCO −

- K 
- K 
- אאאאאאאאאא

אאאאאאאK 
- אאK 



א١١١ אא
אאא

 
 

- ٦١ - 

- אא،אאאאK 
- C°− 7.78אא)6.56( C°−א

אFEK 
- א،אאא

K 
 

א403 RClCH −
- C°− 7.23אאK 
- K 
- אאאא

K 
- אאא،א،א

אK 
- אאאאאאאאK 
- אאאאאאא

אK 
- אאFEאא

אאK 





א١١١ אא
אאא

 
 

- ٦٢ - 

אאא
אאאאאאאאאW



א אא 
R134a,R22אא 

R134a,R22,R502 אאא 
R134aאא 

R13,R502 אgryogenic 
R22,R500אא 
R134a,R22 אאJ 

R11,R134a.R22 אאJ 
R11,R134a אאJ 

R22,CO2(SOLID) אא 
N2 אא 

R11 אא 
CO2,N2 א 

R11 ،אאא 

F١–١٨WEאאא


אאאאK








א١١١ אא
אאא

 
 

- ٦٣ - 

אאא
אאאאא

אאW


א א אא 
R11  Centrifugal –200-2000TR

R12 

Centrifugal 
אReciprocating 
אRotary 

אא
אKאא

א
אא،אKKא 

R22 
אReciprocating 
 Centrifugal 

،אאאא
،א،א

،אא
אאאא

R500 אReciprocating 
אאא

א50 Hz

R502 א Reciprocating 
אא
אאאא

R503 א Reciprocating 
אאאא

א–C°−90

R13 א Reciprocating 
אאאא

א–C°−90

R113 Centrifugal 
אאא

אא


F١–١٩WEאאא



א١١١ אא
אאא

 
 

- ٦٤ - 

אאW
אאאאאאאאאW

- אאC°0 
- אאC°50 




א

א
א


א

)/( 3mkJ


א)(

e

c
p
p

r = 


א),( barpc 


אא)(COP 

R11 FCCl
3 443 5.9 2.4 5.53 

R21 2
CHFCl 636 5.68 4.0 4.64 

R22 FCHCl2 3671 3.88 19.3 5.14 

R114 722 FClC 784 5.06 4.5 4.61 

R717 3
NH 42.75 4.96 20.6 5.53 

F١–٢٠WEאא 


אא Secondary Refrigerants
،א،אאאאא،א

אא(brines)א،א،(methyalcohol) אK
אאאאאא
אאאאאאאK

אאאאW
- אאK 
- אא)/18.4( kgkJc

p
=K 

- אK 
- K 




א١١١ אא
אאא

 
 

- ٦٥ - 

א(CFCs)א
אאאradiationUV β−
radiationUV β−W
- אאאK 
- אK 
- אK 
- אאאאK 
- אאאK 
 

אאא١٥J٢٠
אW



F١–٢٤WEאא


١E אאאC+Cl2+F2 
٢E אאK 
٣E אאFאKE 
٤E א)( 3OאOCl2K 
٥E אאOCl2K 



א١١١ אא
אאא

 
 

- ٦٦ - 

٦E א22 OCl +K 
OClOCl 232 33  א+=

אאאאא
אK

אאא(ODP) ozone depletion potential)(
W

- ODP=1אR=11ODP=0.5 אR=22 
 (Globalאאאאאאא -

warming Potential, GWP)W 
                                     GWP= 1 for CO2      

     GWP=0.05 for CFCs 


אאMontreal Protocol 
אאאא(CFCs)
W

- אאR12,R11א1986-2000 
- אא(CFCs)אאW 
- 2015-2030R22K
- אאK 
- אאאאאאא2005K 
- אאR134aK 
- אK 
-  



א١١١ אא
אאא

 
 

- ٦٧ - 

אאAlternative Refrigerants
אאאא(HFCs)(HCFCs) 

אאאKאאאאאאW
א

R134a R12 
אFאא

Eאא

)13412532(
407

aRRR
cR
++

 R22 
אא

א

)12532(
410

RR
aR

+
אא

אאא
אאא

)600134218(
413

ARaRR
AR
++

R12 אא

)600134(
417

aRaR
aR

+
R22 אא

F١–٢١WEאא


،אאאאאא(greenhouse effect)
א،אאאאאא

אKאא
אKאאW

אHCsW
אאאא

אKאאאאא
א؛K

אR717)(
3

NHAmmonia
אאא
אKאODP=0GWP=0K



א١١١ אא
אאא

 
 

- ٦٨ - 

א744)(
2

RCOdioxideCarbon −
אODP=0GWPאאא

א(low energy efficiency)א
)3.31( CT

critical
°=אאאK


אאAir (R729)
אאאאאK


אWater (H2O) – R718
אאאאאא)0( CT °>

אאא(specific vapor volume)
אKאאא(Lithium Bromide)K





א١١١ אא
אאא

 
 

- ٦٩ - 

אאBrines
אאאא

אאאאא
אאאאאאאKאאא

אאאאK
אאאW

- אCalcium chloride(CaCl2)  
אאאC°−17

- אSodium Chloride(NaCl) 
אאאאC°− 21
אאאאא

אאאK
אאאא(Antifreeze solutions)

אאאW
JאAlcoholJאGlycerine 
Jא  Ethylene Glycol                      JאPropylene Glycol  

 
 
 
 
 



א١١١ אא
אאא

 
 

- ٧٠ - 

א
- א،אאא،אא

אאאK 
- ،אאאא

אאאK 
- אW 

♦ א(CFC's) 
♦ א   (HCFC's) 
♦ א(HFC's) 
♦  
♦ אא 
♦ אא


- ASHRAEא،אאא700אאאא

Kא،אאXYZ
R،אZאאא،אא   Y

אאאאאאאאX
אאאK

- אא،אאK 
- אא،אאאאK 
- אאאאאא(EPA)K 



א١١١ אא
אאא

 
 

- ٧١ - 


١E אאאאאK
٢E W 

E אאאR22 אאאR12 
אK 

E אאאאR22 אאR12K 
E אאאR11אא

R12 K 
E אאאR22אאR12K 
E אאאאאאK 
 

٣E אאאאאא(CFCs)K 
٤E אאR-22K 
٥E אאאאאאW 

R-502, R-11, R-12, R-22, R-717
٦E אאאאW

R744 , R40, R502, R134a, R123
٧E אאאW

R12 , R11, R22, R134a
٨E אאאאאאW

R717, R11, R502, R134a, R718                                                
٩E אאאאW
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אאאא)( 2m&skgm 361.2
847.0
2

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

אאא(3)W
C

mm
TmTmT °=

×+−×
=

+
+

= 87.13
652.3

22361.2)1(291.1

21

2211
3 &&

&&א(3) 

אאKאאאW
kgkgw 0066.03 =%65)( 3 =RH

kgmv 3
3 822.0=kgkJh 5.303 =

אאSupply Air Conditions
אFאEFEאאאאא

אאאאא
אאroom total cooling load (RTCL)אאW

١א(Qs) Sensible heat
אאאאאאאFEא

אאאאאKK
אאאאאW

TpcamsQ ∆××= &
W

אא}/{ skgam =&
אאאא}/{ kgKkJpc =

אאא}{ CT °=∆
٢אLatent heat(Ql) 

אאאאאאאאא
אאאאאאW

hamwfghamlQ ∆×=∆××= &&
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W
אאאא}/{ kgkJfgh =

אאא}/{ kgkgw =∆
אא}/{ kgkJh =∆

אאאאאאאאאK
١٢W

kWQs 16=kWQl 4.6=Kאא
אאאK

אאאtpcamsQ ∆××= &
∴C

pcam
sQ

STRT °=
×

=
×

=− 6.10
006.15.1

16
&



CSTRT °=− 6.10
אאאאאCST °=−= 4.146.1025

אWwhmQ fgal ∆××= &


fga

l
SR hm

Q
ww

×
=−=∆
&

ω

kgkJhאא
fg

2500=
אאאא

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
אאאW
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אא(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 

F٢–٤WE
 

אא

אאא

ω

db

R
1S

2S3S

4S

F٢–٢١WEאאא


אא(S)אRSSSS ,,,, 4321
אאאאא Sensible heat factor (SHF)

אאאRoom Sensible Heat Ratio line (RSHR) 
אאאSensible heat factor (SHF)

אאאאאאאא
אsensible heat factor (SHF)W
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ls

s

t

s

QQ
Q

Q
QSHF

+
==

אאאאFאREאאSK
אא،אא(SHF)א

אאK



١٣W
KW8KאאKאא

אc°9אא،אאאאא
אאאאK

Jאאאא–אR–RHdbC %50),(24°R @
JkWQs 8=kWQl 2=

kWQQQ lst 1028 =+=+=
∴80.0

10
8
===

t

s

Q
QSHF

JC°9אSאאR؛אא
אאRC°9R)(15 dbC°

- א–אאאSHF=0.80K
- אאSHF،אא،אאR

אא)(15 dbC°S 
- אאאאSK)13),(15( CdbC °° 
 

אאBasic Air Conditioning Cycle 
אאא

אאאאאKאאאאאא
אאאאא،אאא

אKא،אLא،א
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אאKKKאKאopen air conditioning 

cycle)EK
אאאK

R

S

O M

R





J

F٢–٢٢WE


אא

אאא

ω

db

عمليѧة تكييѧف هѧواء نموذجيѧة    

O

R
M

SADP


F٢–٢٣WE
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אMאRאאא
OKאMאאאKאא75%

אאFאאאאE25%אאFאאאאEM 
25%אאRK
אMאאאא

(db)אא)(24 dbC°אא)(36 dbC°אM
W

RO

RROO
M mm

TmTm
T

+
+

=

)(27
75.025.0

2475.03625.0 dbCTM °=
+

×+×
=

אא%100=ηאאאאא
אאADPFאאEא

אאאאKאSאאא(SHF)
אאאM(ADP)K

אאאא
אK
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- אא78%א21%
- אאאאאK 
- אאאאאאאאאKK 
- אאאאK 
- אאאאאאאאאKאאא

אאאאאאK 
- אאאאאאאא 
- אאאאאאא

אאאא 
אאFאאEאאאא1 kgאא

אK
אאאאאאאא

אאאאאKא
אאאK

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

- אאאאאאא
אK 
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♦ אאאאW 
- אאWאאאא

אאאאאK
- אאאאאאF

EאאאאFאאE 
- אאאאא

،אאאאאאאK 
- אWאאאאא

אא 
- אאאאאאK 
 
♦ אאא(SHF)אאאאאא

אאאK
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١אאאאאאאW

אא
א
א

א
א

א
א

אא
א

אא
א

dphvωRHwbdb
C0kkJ /kgm /3

kgair
OkgH2

%C0C0
   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  


٢JאkgkgwdbC /0102.0),(30 =°אC10 °Kאא

אאאאאאאא
אW)(←=،)(↑=،)(↓=

א db wb RH w v h dp 

        
٣JאFEskg /16אאא)(15 dbC°

kgOHkg /2005.0אC°15KאאK
٤אFE hrkg /200 א

RHdbC %50),(20°KאאאאK
 ٥Js/m5.1 3אאא)wb(C30,)db(C45 °°

אFKEאאאאאאW
١א      ٢J אK
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٦Jsm /5.1 3אאאkg/kg0102.0w),db(C30 =°
א)db(C10 °KאאC5 °Kאאא

אW
אא

א
٧Jmin/m720 3F٣LאEאאאאא)(24),(30 wbCdbC °°
אאאאWRHdbC %90),(15°K

אאL/ hrK


٨JאRHdbC %20),(12°)(37 dbC°
%90=RHKאאאא

אK
٩Jsm /5.0 3אאא)(25),(45 wbCdbC °°)(38 dbC°אא

אאאKאאאא
%90،

אאאא
א

١٠skg /2אאא)(30),(35 wbCdbC °°skg /2.0אאא
RH100,C10 °.אאאאKK

١١J s/kg10 אא)(25),(40 wbCdbC °°  skg /15 אאאא
RHdbC %50),(20°KאאאאאW

IאאאIIאאIIIאK
١٢RHdbC %50),(24°.אאאRHdbC %50),(4°Kאאאא
אאאאאKאאאאא40 %

אאאFאE60 %KאאאאאאאK
١٣–אFAHUEskg /8.0אאא

)(28),(40 wbCdbC °°skg /4.2אאאא%50),(24 dbC°Kאאאא
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אאCADP °= 8Kאא
א%80=ηאאאאW

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

אאא)(35 dbC°)(19 dbC°Kאא
אאW

א
א
١٥sm /0.1 3אאא)(28),(32 wbCdbC °°RHdbC %100),(20°K

אאאאאאאאK
١٦אאא(S)אא(R)

KT 9=∆KאאאאאW
iאאא%80=SHF

iiאאאRHdbC %50),(5°
١٧JRHdbC %50),(21°א14 kWאא1.5 kW 

אאאאC°12Kאאאא
אאK

 

١٨Jאא54 kWאא6 kWKאא
אאRHdbC %50),(25°.אאאאאאC°10K

W
אאאאK

אאK
אא
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١٩،א540 L/sא)(23),(32 wbCdbC °°2850 L/s
אא RHdbC %50),(24°.אא90 % RHKא

אאא70 %KW
Iאאiiאאאאא
iiiאKivאאאאאא،K

٢٠JאKאאא
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


٢١JאKאא

0.90אאאskg /5אאW
אאאRHdbC %50),(24°
אא)(0),(4 wbCdbC °°
אאאא)(34 dbC°
אFאאLאאאE1 : 3
אאא،אאW

אאFאאE
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٢٢950 L/s אאאKאאא
35),(25)(א wbCdbC °°אאאאRHdbC %45),(27°Kאא

0.8אאאאא90 %KW
Iאii א

iiiאL/hr K
٢٣א5.5 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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אאא
THERMAL LOADS 

אאאאHuman Thermal Comfort
אאאאאKאא

אאאא،אאאאא
אאאאאא

אא،אאאאאאא
אא،אKאא،אאא

אאאאא
אאאאK
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)
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א(relative humidity)
אא(air velocity)

אW
אא(clothes insulation)

א(level of activity)
 

אאאא)(db 
אאאאFEא

אFאאאEאאאא
אאFאEא6330 ′′−אאK

אאאאאאאK
אאאEffective Temperatureאאא 

 F100% Eאאאאא
אא15-25 fpmK

אאאא68 0F(20 0C)אאא
אאאאW

אא
C°F°

אא
%

25.678 10 
24.4 76 20 
23.9 75 30 
23.3 74 40 
22.8 73 50 
22.272 60 
21.7 71 70 
21.170 80 

F٢–٥WEאאאFאE 
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אאאא71 0F (22 0C) אאאא
אאאW

אא
0C0F

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 

F٢–٦WEאאא
FE 


אאcomfort zoneאאא

אאאאאאאא
אאאא

א

[26.7°C][21.2°C]

60
 %

RH

30 % RH

wet b
ulb tem

pert
ure

dry bulb temperature

H
um

idity R
atio


F٢–٢٤WEאא
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אא
אאאאאאKאא

אאא،א(ASHRAE)min/30 ftא
min/30 ftאK 
 

אMean radiant temperatureW

אאאאאאאא
אאאאאK

א(relative humidity)
אאFE

אאאW 
אא(clothes insulation)

אאאא
אאאKאאFE،אא

אFאEאFאאאE
א(level of activity)

אא،אא،אאא
אאאאאאKאאאאא

אאאאאא
87 Wא115 Wאאאאא

א440 א WKאאאא
אאאK


אאאאאאא

،אא1000 ppmKאא
אאאאאא(Indoor Air Quality, IAQ)
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אאאThermal Load Calculation
אאאאאאא

אאאאאא
אאK

אאאא
אאאאW

- Wאאאאא
אאאK

- Wאאאאאא
אאK 

א
אW

 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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אאאאאW
Jאאאאאאאאא wQ 

JאאאאאradQK 
JאאאאאאאאiQ 
JאאאאאאvQ
JאmQ 
אאאאTQאW 

mvwiradT
QQQQQQ ±±±+= 

0QT >אאאאFE
0QT <אאאFE

 
אDesign Conditions  

 אאאאאאאאאא
אאאאאאאאא

אאאKאאאא
،אאאא

אאאאא
97.5%אאאK

Outdoor Design Conditions Wאאא
אאאאאאא

אאW
                                   a C°43 dry-bulb temperature (db)  

                                 b- C°26 wet-bulb temperature (wb) 

אאאאאאאא
אW
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                                 a- C°3 dry-bulb temperature ( db)                   

                                    b- C°0 wet-bulb temperature ( wb)                                  


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

F٢–٧WEאאאאא
RIYADH COOLING DESIGN TEMPERATURE PROFILE 
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אאאאIndoor Design Conditions:
אאאאאאאW


אאא  CCa °→° 5.255.23:                         

Jאא                                                                     RHRHb 6040: → 


אאאCCa °→° 5.235.21:               
אא   RHRHb 3020: →                    

 אאאאאFאא٢א٦،٢٧א
אאComfort Zones)  (

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

F٢–٨WEאאאאא
RIYADH COOLING DESIGN TEMPERATURE PROFILE 
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אCooling Load Calculations  
אאאאאInitial Design ConsiderationW

א،אW
אBuilding Characteristics 

אאFE
אאbuilding configuration

אאאאאא 
אאאKKאאאאאא

אאK
אאאFאschedulingE

אאK


Space Heat Gains & Space Cooling Loadאאאא
אאאאאא(time interval)

אאאאאאאאא
אאK
אSpace Cooling Load 

אאW
אאאאאאאאא ( )wQ

אאאאאאאאא
(steady state)אאאאאאאא(air-air 

temperature)،אאא(unsteady state)א
אאאK

אאאאאאא(thermal 

mass)אאאאאא،אאא
אא(time lag ,Φ)א(decrement factor, f)

אK
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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

אF٢٨EאW
אאאא}/{ 2 KmWh

א10 

א6 

אאFאE8 

א6.7 m/s א34 

3.4א m/sא23 
 

F٢–٩WEאאא 


אאאא)(Uאא
∑++=

k
x

hhU
io

111

W
א}{mx =

אאא}/{ mKWk =
אF٢٩Eאאאאkא}/{ mKW

אאאאW
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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 

F٢–١٠WEאאאאא 


אאאאא(insulants)אאא

אאK
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١W
אאא،אUאא

אאאKmWh 2
0 /20=אאאאא

KmWhi
2/10=K

مونة جبسية

مونة جبسية

صوف زجاجي

(400 mm) (5 mm)(5 mm) (50 mm)

طوب عادي 


F٢–٢٥WE

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

∑++=
k
x

hhU
io

111

107.2957.1
10
1

20
1

=++=

KmWU 2/475.0
107.2
1

==∴
אאאאSol-air Temperture



א١١١ אא
אאא
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אאאאאאאא
אאאאאאאא

אאאאא)(
wo

T
0

/)( hITT
owo

α+=
ows

TTT
o
−=∆

W
אא( )2/ mWI =

אאאא[ ]KmWho
2/=

אא=α
אאאא}{KT

s
=∆

0
/)( hITTT

ows o
α=−=∆

كمية الحرارة المنقلة
خلال الجدران

درجة حرارة الهواء
الخارجي

درجة حرارة السطح
الخارجي نتيجة الشمس

درجة حرارة السطح
الداخلي  الناتج من

الشمس

درجة حرارة الغرفة
الداخلي

T
O

TR

T
WR

TWO

F٢–٢٦WEאאאא
אאאאאא

אאאOWTאאאאOT)(
OW

TT
O
fK

אאאאאאא
א

)(
ssun

TUAQ ∆Σ=



א١١١ אא
אאא
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W
אא}{ 2mA =

אאאא}{ 2KmWU =
אאאאאאאאאW

א α 
 0.55  –  0.70 

 0.4 –  0.5 

 0.3 –  0.5 

א 0.8 – o.9 

 0.65 

 0.9 

F٢–١١WEא
 

אאאאאאא
אאאאW

)(
iwow

TTAUQ −=
W

אא)(IאאאאאW 



א١١١ אא
אאא
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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 

א92.10 691.3 622.9 680.9 760.1 

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 

F٢–١٢WEאאאא
א)( 2mW 

 



א١١١ אא
אאא
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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 

F٢–١٣WEאאא)( 2mW 
 
 
 
 
 
 
 
 
 
 
 
 
 



א١١١ אא
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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 

F٢–١٤WEאאא)( 2mW 
 

אאאאאא
אאאאאאא

אאאאאאאאFא٢١٣KE
אאאKאא

אאאאאאא
אאKK

אאאאאא
אאKאא
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אאאאאאא
אאאאאאאא(air-air temperature). 

٢W
mmm 346 ××אmm 5.12 ×

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

Jאאאא                       )(48 dbC°
אאאא)(UW

JאאאאאאאKmW 24.2
JאאאאKmW 26.0
JאאאאאKmW 20.2
JאאאאאKmW 26.5

אW
אאאW

אU A T∆ w
Q 

 KmW 2 2m C° W 
אאא2.4 51.6 16 1981.4 

א2.0 3.0 16 96.0 

א5.6 5.4 16 483.8 

א2.4 24 24 1382.4 

א0.6 24 03 43.2 

אאאא3986.8 

F٢–١٥WE٢ 
אאאא                          kWWQw 987.38.3986 ==





א١١١ אא
אאא
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אאאא ( )radQ 
אאאאאאא

אאאאאאאא
אאאאא

אאאאאאאא
אאאK

אא

א


א
אא
אאאא

א


א

אאא

אא
אאא



א
א

 
F٢–٢٧WEאאא 

אאאאאאא
אא،אאאאאאא
אאK

אאאאZאאאHאאאHא
אK
אאאאאאאW

( )SCIAQrad ××= 
W

אאאא[ ]kWQrad =
אא( )2/ mWI =

א[ ]NoneSC =



א١١١ אא
אאא
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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 

F٢–١٦WEא
 

אאאאאאאF
אאEאא

אאאאאאאKK



א١١١ אא
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א













א


א

F٢–٢٨WEאאא


אאא א)( vQW
אאאאאאא

אאאאא(infiltration)Kאאאא(building 

quality)אאאאא
אאאאK

אאאאאאא
Kאאאאאאא

אאאאאK20%א
אאאאKאא



א١١١ אא
אאא

 
 

- ١٤٠ - 

אאאאאאא
אWWא}/{ 3 smFZא×אאE÷3600 

אאאאאאא
אאאאKאא

א،א،Kאאא0.25
K  0.50

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

npACV ∆=&
W

אאA=
אאC=                          

=p∆אאאא
אאא0.14.0 fp nn=

אאאאKF٢١٦Eא
אאאאF٢J١٧Eאאא

אא
אmsL // 

FE0.36 

FE1.00 

0.72 

K1.70 

K1.44 

–א0.50 

F٢–١٧WEאא 
Wאא3.35 m/sאK

אאאW



א١١١ אא
אאא

 
 

- ١٤١ - 


א(L/s)

א
אא




אא13 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 

F٢–١٨WEאאא 

Wאא3.35 m/sא


אאאאאא،אא
אא

אאאW
١אvsQ

)( oip
o

vs TTc
v
VQ air −=
&



W
אאא[ ]smV /3=&

אאאא[ ]kgmvo /3=
אאאא[ ]kgKkJc

airp /006.1= 
 
ii 
٢J( )

lvQ
                                                     ( )

fgoi
o

v
h

v
VQ

l
×−= ωω 

Wאאאא[ ]airwatero kgkg /=ω
אאאאא[ ]airwateri kgkg /=ω



א١١١ אא
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אאאאאאא[ ]kgkJhfg /2254=
אא)( vQאאאאאאK

h
v
VQQQ

o
vvv ls

∆=+= 

Wאאאאאא[ ]kgkJh /=∆
אאאLא(N)א

אא)( vQא


o
v v

hVNQ
×
∆××

=
3600



W
אא[ ]3mV =

אא
אאאאאאאW

אא(ACH)
א

١אא(ACH)
אאאZאאאא×א

אאאאאאF٢
١٨Eאאאא(ACH):



א١١١ אא
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אאאא(ACH)

–6-10 

3-4 

4-6 

4-6 

5-10 

6 

6 

––20 

F٢–١٩WEאא(ACH)
٢א

אאאZאאאאא×א
אאאאאF٢١٩EאW



א١١١ אא
אאא
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א(L/s) אאא
אא

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 

F٢–٢٠WEא 
٣W
אאmmm 368 ××RHdbC %50),(24°،אא

אאאאאאא، ACH=5אא
40),(26)(א wbCdbC °°

אאW

24 40

26

O

R
N

حمل

وس
حس
م





hN

h R

hO

F٢–٢٩WE
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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

===
&

&

אא)( RNv hhmQ
s

−= &
kWQ

sv 63.3)5.4865(22.0 =−=
אא)( 0 Nv hhmQ l −= &

kWQ
lv 2.2)6575(22.0 =−=

אls vvv QQQ +=
kWQv 83.52.263.3 =+=


א)(

Rov
hhmQ −= &

kWQv 83.5)5.480.75(22.0 =−=
א( )LQ

אאא
( )DFFPNQL ×××=

W
א=N

אאא[ ]WP =
אFא(=F

                                                                                        =1.25 -1.30 for florescent lamps 
= 1.0 for bulb lamps                                                                                       

 א                                                    =DF 
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אאא25- 30%אאא
אאאKאא،אFאEK

אאאא
אאאאאאאאאW

אאא)/( 2mW

60

45 

א–40 

––20 

17 

–15 

F٢–٢١WEא 
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٤W
אאאאאא50 100 W20

40 WK
אW

tflourescenbulblight PNPNQ )25.1()( 2211 +=
402025.110050 ××+×=

kWW 6600010005000 ==+=
٥W

א250 mאKאא
אW

Jא100 WK
Jא40 WK

אאאאK
אW

،אאאאאא2/40 mW
אאאא(I)

WI 20004050 =×=
אא100 W،אא(N1)W

20
100
2000

1 ==N
אW2000

אא40 Wאא،(N2)
50

40
2000

2 ==N
אאאא

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



א١١١ אא
אאא
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אאאאHeat of Occupants 
אאאKא

אאא( )C037אאאאא
אאאאאאאK

אאאאW
אא،אא

אאKאאאאאאא
אאאאאאאאא

אאאאאא
אאmetabolic rateאKאאאאאא

אאאאאK

אאא
א


א


א

66 31 97 

JJ72 45 117 

אJJ73 59 132 

אא73 59 132

73 73 146 

81 81 162 

א81 139 220 

81 139 220 

א88 204 292 

א170 255 425 

א170 255 425 

F٢–٢٢WEאאא(w) 
אאאאאאW

( )..FDqnQ
ss pp ××=



א١١١ אא
אאא
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אאאאאא
( )..FDqnQ

LL pp ××=
W

אאאאn =                                       

א( Diversity Factor ) אאאא
אאא DF.=                                    K                               
                                        

אאאא =
spq

אאאא       =Lpq


٦
אאא،אאאאאאאא100

אKא(DF=1)
אW

אאאאW
Wqs 81=Wql 139=Wq 229=

אאאאWQ
sp 810081100 =×=

אאאאWQpl 13900139100 =×=
אאאאkWWQp 0.2222000220100 ==×=

אאאא
ls ppp QQQ +=

kWWQp 0.2222000139008100 ==+=
 



א١١١ אא
אאא
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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 

F٢–٢٣WEא 
 

אאאHeat of Equipment
 אאאאא

אKKאאאאאK
אאאאK

אאאאא( )EQאאW
( )EQE ∑ −= η1

W
אאE = 
 א =η

٧
אאאאא2א0.5 kW

70%.
אW

( )EQE ∑ −= η1
kW30.05.0)7.01(2 =×−×=

 
 א( )mQ

 א،אאL
א،אK





א١١١ אא
אאא
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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

F٢–٣٠WE
אW

אאאאF٢٣٢EkWWQw 439.186.1438 ==
אאאאZאאHאאFאE

אא( )SCIAQrad ××=
אא83.0=SC

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

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



א١١١ אא
אאא

 
 

- ١٥٢ - 

W3.105125.635.1 =××=
אאאא

kWWQsol 284.19.12833.1056.1178 ==+=
אFPNQL ××=

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

ss pp ××=
W2161723 =××=

אא( )..FDqnQ
LL pp ××=

W1351453 =××=
אאאאאls ppp QQQ +=

kWW 351.0351135216 ==+=
אW

אאW
אאkgmvo /916.0 3=kgkJh /810 =

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

אאskg
v
Vm

o

/033.0
916.0
030.0

===
&

&

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

אא)( RQvplsolwR QQQQQQ ++++=
kW133.4759.0351.0300.0284.1439.1 =++++=

=



א١١١ אא
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אאאאא)(

iow
TTUAQ −= ∑

}/{ 2KmWU)( 2mA)(
io

TT −}{WQ
w


אאא1.35 9.0 9 109.35 

אאא1.35 9.0 9 109.35 

אאא1.35 6.5 17 149.175 

אאא1.35 13.5 9 164.025 

אא6.42 4.0 17 436.56 

אאא1.6 3.0 17 81.6 

א1.6 13.50 9 194.4 

א1.6 13.50 9 194.4 

 1438.86 

F٢–٢٤WE
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 אHeating Load Calculation 
אאאאאW

،אאאאאאאא 
אא،א،KKא

אאאאאאאאאא
אאאאK
אאאאא

אאאאאאFohKE 
אא

אאFא
אEאאאאא

אאK
אאאאW

JאאאאאאCo15
Jאא،אאאאא

(adiabatic conditions ) 
אאאאאא

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 


٩W
אאRHdbC %50),(24°Kא

אא24mא4.25m3א
mm 5.22 ×KאאאאאW

 אאKmWU 2/7.0= 
 אKmWU 2/5.0= 
 אאKmWU 2/2.3= 
 אאKmWU 2/6.1= 

Jא100
Jאא72 Wא45 Wא


Jא5 L/s
Jא10 W/m2

אאאא)(6),(10 dbCdbC °°،אא،
אאאאאK



א١١١ אא
אאא
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18

24

N

28


F٢–٣١WE


אW
אאאאאאאא

אאאאא
אאאאאאW

אאאא)( iow TTUAQ −= ∑
אאאא)( wQFא٢٢٤E

kWWQw 714.105.10713 −=−=
א182810 ××=LQ
kWW 040.55040 ==

אא( )..FDqnQ
ss pp ××=

kWW 200.77200172100 ==××=
אא( )..FDqnQ

LL pp ××=

=



א١١١ אא
אאא

 
 

- ١٥٧ - 

kWW 500.44500145100 ==××=
אאאאאls ppp QQQ +=

kWW 700.111170045007200 ==+=


}/{ 2 KmWU)( 2mA)( io TT −}{WQw
אאא0.7 76.5 -14 -749.7 

אאא0.7 76.5 -14 -749.7 

אאא0.7 8.5 -14 -957.95 

אאא0.7 102 -14 -83.3 

אאFאE3.2 102 -14 -4569.6 

אאא1.6 15 -14 33.6- 

א0.5 504 -14 -3528 

אאאא -10713.5 

F٢–٢٥WE٩ 

אW
אאW

24

O

R

N

hN

h R

hO

50
%RH

10

6

F٢–٣٢WE٩




א١١١ אא
אאא

 
 

- ١٥٨ - 

אאkgmvo /807.0 3=kgkJhR /5.48=
אאאkgkJhN /5.34=kgkJhO /5.20=

אאאאsmsLV /500.0/05001005 3==×=&

אאskg
v
Vm

o
/62.0

807.0
500.0

===
&

&

אא)( NOsv hhmQ −= &
kW680.8)5.345.20(62.0 −=−=

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

)( ROv hhmQ −= &
kW36.17)5.485.20(62.0 −=−=

ls vvv QQQ +=
kW36.17680.8680.8 −=−+−=


אא)( TRQ

(kW)

sRQ 
(kW)

lRQ 

אאאא)( wQ-10.714 
א)( LQ5.040 
אאאאא)( pQ7.200 4.500 

א)( vQ-8.680 -8.680
אא)( TRQ-7.154 -4.180 

F٢–٢٦WE٩ 


אאlsT RRR QQQ +=

= -7.154 -4.180=-11.334 kW                                                                                  
 

אאא63.0
334.11
154.7

=
−
−

==
TR

RS

Q
Q

SHF



א١١١ אא
אאא

 
 

- ١٥٩ - 

א
JאאאאאWאא،א،אאW،אא

אאאK
JאאWאאאאאא

אאאא
א

JאאאK
JאאאאW

אאאאא
אאאאא

אLא
אאאא

אאאא
אאאאאא

אאאKא
אאאאאאא

KאאאאאK
JאאאW

אאאא
אאאא

אאאK
אאdouble-glazing

אאK
אאא

אאאאאאאאאK



א١١١ אא
אאא

 
 

- ١٦٠ - 


١Jאאאא؟אא
٢–אא؟؟אאאא
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אm& skg / Mass flow rate 
אm kg mass 

אLאw
m& skg / Condensed water 

אאam& skg / ِAir mass flow rate 
אp Pa Total pressure 

אp∆ Pa Pressure difference 
אאap Pa Air  pressure 

אvp Pa Vapor pressure 
אep Pa Evaporator pressure 

אcp Pa Condenser pressure 
אאאR kgKmoleJ − Universal gas constant
אאR kgKJ Gas constant Specific  

אאאpc kgKJ Specific heat 
אcW W Compression work 

אeQ W Evaporator load 
אccQ W Cooling coil capacity  

אhcQ W Heating coil capacity  

אאאאcQ W Condenser heat 
transfer  

אאאsQ W  Sensible heat load  
אאאlQ W latent  heat load 

אאRE kgJ Refrigeration effect 

אאCOP - Coefficient of 
performance 

אאaV 3m Air vlome 
אvV 3m Vapor volume 
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אאאaT K Air temperature 
אאvT K Vapor temperature 

אאא dbT C° Dry bulb temperature 
אאאwbT C° Wet bulb temperture 

אאRH % Relative humidity 
אאω kgkg Specific humidity 
אאtQ W Total load 

אTR TR Ton of Refrigeration 

אאFאEcQ W 
Wall gains 

(conductive heat 
gains) 

א
rQ W Radiation load 

אp
Q W Heat gains from 

people 
אlQ W Heat gains from lghts 
אvQ W Ventilation load 

אeQ W Heat gains from 
equipment 

mQ W Miscellaneous  loads 
אאאSHF - Specific heat factor 

אאאאU KmW 2 Overall heat transfer 
coefficient 

אאא
אRT C° Room or space  

temperature 

אאאאiT C° Internal temperature 
אאאoT C° Outside temperature 

אאאST C° Supply air 
temperature 

אאT∆ C° Temperature 
difference 

אI 2mW Radiation intensity 
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אα - Absorptivity factor 

אאאאא
i

h KmW 2 Internal heat transfer 
coefficient 

אאאא
o

h KmW 2 External heat transfer 
coefficient 

אh kgkJ Enthalpy 
אSC - Shading coefficient 

אא
vs

Q W Ventilation load -
sensible 

אאvlQ W Ventilation load -
latent 

אאאא
אo

v kgm3 Specific volume@ 
outside conditions 

אאאfgh kgkJ Latent heat of 
vaporization 

אV 3m volume 

אאQ 13 −sm Discharge (volume 
flow rate) 

Nn , - number 
אF - Lamps factor 
אDF - Diversity factor 

אη - efficiency 
אsη - Saturation efficiency 

אאη - Contact factor 
אאאACH 1−hr Air change per hour 

אsS , kgKJ / Entropy 
אCL W Cooling load 

אx - Dryness factor 
אhp hp Horsepower 
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