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 
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،אאאאאאאאא
א אאאא

אאאאאאא
Kאא 

 
אאאאאאא
  א        ،א אא  

א א   א    ، א  א א א
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 

 א א   ?  א אא-  ?  ?
אא א ?   א א א אא א  

אK 
אאאאאאא
،א،אאאא

אאאאאK 
، א אאא
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אאאאאK 
אאאאאא

אKאאאאא
אאאK 

אאאאאאא
אאאאאKא

אאאאאאאאאאא
אאאאאא

אאאאאאאא
אאאFא،אאאא،א،אא

אאאKEאאאאאאאא
אK



   

 

  

אאאאאא  

אא  







א


א


א




١
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אאWאאאK 
אאWאאאאאאK 

 
אאWאאאאאאאאאK 

 
אאאWאאא٩٠٪ 

 
אאאאW٥ 

 
אאW 

 JאאK 
 Jאא 
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אאא 
Units and dimensions  

 
אאאאאאאאא

אאאאאאא
אאאK 

 
١}١אאא 

 אאאK،א،א،א،א،א،א
،א،אא،אKKKKאK 

אאKאZ،א 
אZאאK 
 אאאKאFinE

אFftEאFcmEאFmEאK 
 
١}٢אאא 

١}٢}١אForce 
 א(F)אm[kg] 

] am / s2[W 
F = m a 

                      = m [kg] a [m / s2] 
                 = ma [ kgm/s2] 

         = ma [N] 
 

١}٢}٢אPressure 
 א(P)א(F)(A)K 

P =F/A                                                   
 
 
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١}٢}٣אEnergy 
 א(E)אאאא(F) (l). 

E = Fl 
F [N] l [m]=  

       = Fl [Nm] 
   = Fl [J] 

 
١}٢}٤אPower 

 א(Pr)אאK 
[J]/T[s ]= E/T [W]                          Pr = E  

 
١}٣אאאSI Units 

١}٣}١אאא 
 

אאאאאאאKW 
א א אאא

א L m

א Mא kg

א T s

 
 
 

١}٣}٢אאאא 
א א אאא
א F N

א P Pa 

א E J

א Prא W 



א ١٥٥ אא 
אאא אאא אאא 
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 
١}٣}٣א 

א א אאא
א V l

א m t

א P bar 

 
 
 
 

١}٣}٤אאאא 
١Kא 1 in= 0.025 m

1 ft=0.305 m
1 yd=0.914 m

٢Kא 

myd
mft
cmin

22

22

22

836.01

093.01

542.61

=

=

=

 


٤Kא 1 km/h = 0.277 m/s

1 mile/h = 0.44694 m/s
٥Kא 1 lb = 453.6 g = 0.454 kg

1 short ton = 970.2 kg = 0.907 t
1 long ton = 1016 kg = 1.016 t

٦Kא 1 atm = 101325 Pa = 1.01325 bar
1 torr = 1 atm/760 = 133.322 Pa = 1.33322 
mbar
1 mmHg = 133.322 Pa = 1.33322 mbar

8.68941

881.47

2

2

1

1

==

=

psi

Pa

in
lb
ft
lb

f

f

 


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٧Kא 

ms
kg

fts
lb

mPasPascP
cPPasP

P
ms
kgNs

Pas
m

49.11

1001.01
1001.01

10111
2

=

==
==

===

 


٨Kא 

kJkcalBtu
kJkcal

kWhJ

0551.1252.01
1868.41

7.21 10 7

==
=

= −

 


٩Kא 1 kW= 1.34 HP = 0.953 Btu/s

1 HP = 0.746 kW
1 Btu/s = 1.05 kW = 0.178 kcal/s

١٠Kא
אא K

W

Fh

Btu

mft 202 681.51 =  


١١Kאא

א 
kgK
kJ

Flb

Btu
kgK

kcal
kgK

J

19.41

844.31

0

410

=

= −  


 
 
 
 
 
 
 
 
 
 
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١}٣}٥אא 
א א א  

10
10
10
10
10
10
10

6

3

1

2

3

6

9

−

−

−

−

−

 

 

 
 

 
 
 
 

 

N 
 

µ 
 

m 
c 
 
d 
k 
 

M

Nm 
 

mµ 
 

mm 
cm 

 
dm 
kg 

 
MHz 

 
١}٤אאconversion of units 

١}٤}١ 
 אאKאא

אKאאא
א،א،אא،אאאא 

١}٤}٢אא 
 אאאאאאאא

אאאאK 
 

١}١ 
 2 ftm 

m
ft

m
ftft 6096.0

1
3048.0

22 == 

 
 
 
 
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١}٢ 
 אאא14.7 psi אאbar K 

ba

bar

Pa
bar

mkg
Pa

lb
kg

m
in

ft
in

lbf
lbft

psi
lbf

psipsi
s

sin

013.1

454.0*37.39*12*2.32*7.14

1
/1

1
1
454.0

1
37.39

1
12

1
/2.32

1
/1

7.147.14

10

10
5

52

22

=

=

=

 

 
 

 אאאאא6500 Btu/hKאאא
KאkWh ؟אאא 

 
אאאאZ1300 Btu 

אאאאאאאא
אאK 

kWh

kWh

s
h

W
kW

J
Ws

Btu
J

BtuBtu

81.3
3600*1000

8.1054*13000
3600

1
1000

1
1

1
1

85.1054
1300013000

=

=

=

 

 
 

١}٤  
 א40lb/fts אאcP K 

cP

cP

mskg
cP

m
ft

lb
kg

fts
lb

fts
lb

59580
001.0*3048.0

454.0*40
/001.0

1
3048.0
1

1
454.04040

=

=

=

 



  

 

  

אא  

אא  




א





٢
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אאWאK 
 

אאWאאאא 
 

אאWאאאאאא 
 

אאאWאאא٩٠٪ 
 

אאאאW٣ 
 

אאW 
 JK 
 JאאאK 
 

אאWאאאאאאא
אK 

 
 
 
 
 
 
 
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א 
Measuring devices 

אאאאאאאאK
אאאאאאK 

٢}١אpressure measuring devices  
٢}١}١א 

  אאאאא
FAPKאאK

אאאK 
    P = F/A  

אאatmospheric pressureאאאK
אאאאKאאא

אאא101.3 kPa , 1.013 bar , 14.70 psi , 760 mm 
Hg  .  

  א gauge pressure  وѧفهאאאאא
אאאאאK 

 אאאabsolute pressureאאאא
אKאFEvacuumאאאאא 
٢}١}٢אא 

 אאאKאא
 

m
N

2 

 
PaKאאbar  

   Pabar 1051 = 

K 
אאאPsilbfkgfmmHg

incm
,,, 22  



א ١٥٥ אא 
אאא אאא א 

 
  
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 
אאאאא١.٢ 

١.٢אא 
  
  

KPa  bar  Kgf/c
m2  

Psi  atm  inH2
0 

0C  

mm
H2O 
0C  

inH2
O 
4C  

mm
H2O 
4C  

1 kPa  ٠}١ ٠١}٠ ٠١٠٢٠}٠١٤٥٠}٠٠٠٩٨٧}٠
٠ 

٢٩٥٣}٠٥٠١}٧٠١٥}٤٠}١٠٢

1 bar  ٠}١٠٠٠}١ ٠٢٠}١ ٥٠}١٤٩٨٧٠}٠٥٣}٢٩١}٧٥٠٥}٤٠١١٠٢٠٠
 

1kgf/c
m2  

٠٧}٩٨٩٨٠٧}٠٠}١ ٢٢}١٤٩٦٧٨}٠٩٦}٢٨٦}٧٣٥٧}٣٩٣١٠٠٠٠

1lbf/in
2  

٨٩٥}٦٠٦٨٩٥}٠٠٧٠٣١}٠٠}١ ٠٦٨٠٥}٠٠٣٦}٢٧٢}٥١٦٨}٢٧١}٧٠٣

1 atm  ٣}١٠١٠١٣}١ ٠٣٣}١ ٧٠}١٤٠}١ ٩٢}٢٩٠}٧٦٠٨}٤٠٦١٠٣٣٠
1 inHg ٣٨٦}٣٠٣٣٨٦}٠٠٣٤٥٣}٠٤٩١٢}٠٠٣٣٤٢}٠٠}١ ٤٠}٢٥٦٠}١٣٣}٣٤٥

1 
mmH

g  

١٣٣٣}٠٠٠١٣٣٣}٠٠٠١٣٦٠}٠٠١٩٣}٠
٤ 

٠٠١٣١}٠
٦ 

٠٣٩٣}٠
٧ 

٠}١ ٥٣٥٢}٠٦٠}١٣

1 
inH2O 

٢٤٩١}٠٠٠٢٤٩١}٠٠٠٢٤٥٠}٠٠٣٦١}٠
٣ 

٠٠٢٤٥}٠
٨ 

٠٧٣٥}٠
٦ 

٨٦٨}١٠}١ ٤٠}٢٥

1mm
H2O  

٠٠٩٨}٠
٠ 

٩٨٠٧}٠
10-4 

٠٠٠١}٠٠٠١٤}٠
٢ 

٩٦٧٦}٠
10-4 

٠٠٢٨}٠
٩ 

٠٧٣٥}٠
٦ 

٠٣٩٣}٠
٧ 

١FK 

 
٢}١}٣א 

 אאאאא
אאאK 

 אW 
 KאK 
 KאאK 
 KK 

 
 



א ١٥٥ אא 
אאא אאא א 

 
  
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KאFאE 
 אאאאאKא

אאאאKאא
אאKאmanometer .

א٢}١،٢}٢،٢}٣W J 

  
 

٢}١
Uclosed U-tube 

٢}٢U
open U-tube 

٢}٣אא 
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אאאKאאאאFא

٢}٩KEא،אאאאאK 


٢}٩ 

١K٢K٣K 
 

 
K 
١Kאstrain gauge pressure transducer 

 אאKאא
אאKאאאאאא

אאאאstrain gaugeKאא
אK 

٢Kאresistive pressure transducer 
 אאאאאאK

אאKאא
אאאאא

F٢}١٠אKEאאK 
 
 
 
 



א ١٥٥ אא 
אאא אאא א 
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 

 
٢}١٠א 

١K٢K٣K٤K٥Kא٦K 
 

 
 
٢}٢אאtemperature measuring devices 

٢}٢}١אא 
 אאאאK

אאאאאאאאK
אאאאאאאא

Kאאאאאאאא
אאאאKאאא

אאאאK 
٢}٢}٢א 

 אאאא١٦٠٠
١٦٥٤אFאEאאאאא

אאאא
אאKאאאאאאאK 

 ١٧٥٦אאאאא
אאאKאאK

אאאאK٢}١١אא



א ١٥٥ אא 
אאא אאא א 
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- ١٦ - 

אאאאא4.18 J/sFא
אאKEאאא

אK 

 
٢}١١אאא 

١Kא(min)٢Kאא(K)٣K٤K٥K٦K 
 

 
 

 אאאאאK
F١٧٣١Eאאא٨٠K
אאא١٧٨٤אאא32א Fא

אאאאאא
KאאאאאאKא

אא212 FKאאאאא
אאאאאKא

א١٠٠אK 
 אאאאאאKא

אKאאאאאא
אאK 



א ١٥٥ אא 
אאא אאא א 

 
  
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 א(C)(F)W J 
C = ( F - 32 ) /1.8  

אאא(K)W J 
K = C + 273 

אאאא(R)W J 
R = F + 460  

 
 אאאאאאא

אאאK 
 

٢}٢אאאא 
 

 Fא
R

 CK 

א ٢١٢ ٦٧٢ ١٠٠ ٣٧٣ 
א ٣٢ ٤٩٢ ١ ٢٧٣ 

CO2א  J١٠٩ ٣٥١  J٧٨ ١٩٥ 
א J٢٩٧ ١٦٢  J١٨٣ ٩٠ 

אא  J٤٦٠ ٠  J٢٧٣ ٠ 
 

٢}٢}٣אא 
Kאmeasurement by expansion 

 אאאאאאKא
אאKאא

אאאK٢}١٢אאאאאK 
 



א ١٥٥ אא 
אאא אאא א 

 
  
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٢}١٢אא 

١K٢K٣K  

 
אאא

Kאאאא
אאאאאאאאאאאא

אאאKאאא
אאאאאאאאאKא

אKאא
אאאאאאאא

אאאאאאא-
100 C (-148 F)אא-37 C(-34.6 F)K 
 אאאאאאא

אאאאאK 
 
Kאא filled systems  

 א،אאאאא
אאאאאאאאאF

٢}١٣אKEאאאאאאK 
אFאE،

אאKאאאא
אKאאF

EאאאאאK 



א ١٥٥ אא 
אאא אאא א 

 
  
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 

 
٢}١٣אא 

١K٢K٣K 
 

 אאאאאW J 
 ١Kא 
 ٢Kאאא 
 ٣Kאאאא 

٤KאאאאאאK 
Kאאאthermocouple 

 אאאא
T1T2אiאאאאאא

٢}١٤א T2  T1 .  

 
٢}١٤ 

 
 



א ١٥٥ אא 
אאא אאא א 

 
  
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אKאא(emf)א
٢}١٥אאT2T1K 

٢}١٥אאא 
 

 
 

 אאאאK
אאאאא

אK 
 אאאאאא

אאאאאאאאאK 
אאאFאEא

אאאF،Eא٢}١٦K 
 

 
٢}١٦א 

 
 

אאאW J 
T3 = T4 = T5 = T6  

אא(mV)אא(potentiometer )
אאאאאK 
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 אאאאאאאאא
אאאF٢}٣KE 

 אאאאKאאא
אKאאא

KאאאאW J 
Kאאאאאא 

Kאאאאאא 
 אאא-300 F)  185 C (  
copper -constantan 
 אאאiron- constantan 
 אא( 2300 F ) 1260 C  

Chromel- alumel 
 אא( 2700 F ) 1482 C 

Platinum- rhodium 
KאKאאא

אאאאא
אאאK 

 KאאאאאאאK 
 

٢}٣אאFאא0 E 
אא(F) Cchromel-

alumel (mV)
Iron-

constantan 
(mV) 

copper- 
constantan (mV)

 J٩}١٢٨F J٢٠٠E  J٢٩}٤  J٧٦}٥  J١١١}٤ 
 J١}١٠١F J١٥٠E  J٥٢}٣  J٦٨}٤  J٣٨٠}٣ 
 J٣}٧٣F J١٠٠E  J٦٥}٢  J٤٩}٣  J٥٥٩}٢ 
 J٢}٤٧F J٥٠E  J٧٠}١  J٢٢}٢  J٦٥٤}١ 
 J٤٠F J٤٠E  J٥٠}١  J٩٦}١  J٤٦٣}١ 
 J٩}٢٨F J٢٠E  J١٠}١  J٤٣}١  J٠٧٢}١ 
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 J٨}١٧F٠E  J٦٨}٠  J٨٩}٠  J٦٧٠}٠ 
 J٧}٦F٢٠E  J٢٠}٠  J٣٤}٠  J٢٥٤}٠ 
٤}٤F٤٠E ١٨}٠ ٢٢}٠ ١٧١}٠ 

٦}١٥F٦٠E ٦٢}٠ ٧٩}٠ ٦٠٩}٠ 
٧}٢٦F٨٠E ٠٦}١ ٣٦}١ ٠٥٧}١ 
٨}٣٧F١٠٠E ٥٢}١ ٩٤}١ ٥١٧}١ 
٩}٤٨F١٢٠E ٩٧}١ ٥٢}٢ ٩٨٧}١ 

٦٠F١٤٠E ٤٣}٢ ١١}٣ ٤٦٤}٢ 
١}٧١F١٦٠E ٨٩}٢ ٧١}٣ ٩٥٨}٢ 
٢}٨٢F١٨٠E ٣٦}٣ ٣١}٤ ٤٥٨}٣ 
٣}٩٣F٢٠٠E ٨٢}٣ ٩١}٤ ٩٦٧}٣ 

٤}١٠٤F٢٢٠E ٢٨}٤ ٥١}٥ ٤٨٦}٤ 
٦}١١٥F٢٤٠E ٧٤}٤ ١١}٦ ٠١٤}٥ 
٧}١٢٦F٢٦٠E ٢٠}٥ ٧٢}٦ ٥٥٠}٥ 
٨}١٣٧F٢٨٠E ٦٥}٥ ٣٣}٧ ٠٩٤}٦ 
٩}١٤٨F٣٠٠E ٠٩}٦ ٩٤}٧ ٦٤٧}٦ 
٧}١٧٦F٣٥٠E ٢٠}٧ ٤٨}٩ ٠٦٤}٨ 
٤}٢٠٤F٤٠٠E ٣١}٨ ٠٣}١١ ٥٢٥}٩ 
٢}٢٣٢F٤٥٠E ٤٣}٩ ٥٧}١٢ ٠٣٠}١١ 

٢٦٠F٥٠٠E ٥٧}١٠ ١٢}١٤ ٥٧٥}١٢ 
٦}٣١٥F٦٠٠E ٨٦}١٢ ١٨}١٧ ٧٧٣}١٥ 
١}٣٧١٧٠٠E ١٨}١٥ ٢٦}٢٠ ١٠٠}١٩ 

 
 

Kאאאאאאאא
אאאKאאאא

K 
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Kאאresistive thermometers 
 אאאאאאאא

אF٢}١٧E 
 
 
 
 
 
 

 
٢}١٧אאאאא 

Rt =אאt 

Ro =אא0C 
 

 
אאאאאאא

אאא(thermisters)K 
 אאאאאאאK

אאאאאWheatstone bridgeK 
 אאאא 
-260 600 C אאאא

אאKKא



א ١٥٥ אא 
אאא אאא א 
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אKאאאאא
אFKEא

אאKא
אאאאK 

 
Kאאpyrometers 

 אאאא1300 C Kאא
אאאאאאradiation pyrometer

W J 
١Kאאאoptical pyrometers 

 אאאאK
אאאא

אאאKא
אKאא

אאאאK 
٢Kאאradiation pyrometers 

 אאאאאא
אK 

 אאאא
אאK 

 
 
 
 
 
 
 



א ١٥٥ אא 
אאא אאא א 
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٢}٣אlevel measuring instruments 
 אאאKא

אאאKאאאאא
אKאאאאאאאK 

אW J 
٢}٣}١אtape gauge 

 אאאאא
٢}١٨אKאא

אאKאא
אאאK 

 

 
٢}١٨א 

١K٢K٣K٤Kא 
 
 

٢}٣}٢אsight (gauge) glass 
 אאאאאK

אאאאאא
אאאאאKאאא
אאאא(0.5 in) 1.27 cmKא



א ١٥٥ אא 
אאא אאא א 

 
  
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אאאא
אKא٢}١٩K 


٢}١٩א 

١K٢Kא٣K 
 

٢}٣}٣אאfloat 
 אאאאאאF

٢}٢٠EאאאאאKאא
אK 

 
٢}٢١אאאאFא

אE 
٢}٢٠אאאא 

 

١K٢K٣K٤Kא٥K٦K 
 

 



א ١٥٥ אא 
אאא אאא א 

 
  
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 אאאאאאא
אKW JאאאאF٢}٢١E

אאF٢}٢٢KE 
٢}٣}٤אאhydrostatic pressure 

אאאאKא
אghP ρ= 

KאאאKאאF٢}٢٣E
אאאאאאK 

 

 
٢}٢٢אאאאFאE 

١K٢Kאא٣Kא٤K 
 

 
 
 

 
٢}٢٣אא 

١Kא٢K٣Kאא 
 



א ١٥٥ אא 
אאא אאא א 

 
  
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٢}٣}٥אאsonic level detector 
 אאF٢}٢٤Eאא
אKאאאאא
KאאאאK 

 
٢}٢٤אא 

١K٢Kא٣Kא 
 

 
 



  

  

  

אאאאאאאא  

אא  


א


א

א
א




٣



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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אאWאאאאK 
 

אאWאאאאאאאאא 
 

אאWאאאאאאאאאא 
 

אאאWאאא٩٠٪ 
 

אאאאW٥ 
 

אאW JאאאK 
 JאאK 
 JאK 
 



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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אאאאאא 
Material and energy balance 

 אאאאאאאאא
אKאאאאאאאאאKאא
אא،אK

אsystemKאאsteady state
אאאאKאא

אאאאאאאאK 
٣}١אאא 

 אאאאאאאא
Kאאאאאאאא
אK 

אW J 
אאאאאאאאא

אK 
 ،אא،אאא

אאאאאאK 
 אאאאאאאאאאא

אאאאאKאא
אאK 
 אאאאאW J 

١KאאKKאאK
אאאאאאאאאK 

٢KאאאאאK 
٣KאאאK 

 אאאאאbatch 

processאאאאאאאK



א ١٥٥ אא 
אאא אאא אאאא 

 
 

- ٣١ - 

אאאאאK
אאאcontinuous processאא

אאKאאאאאK 
אאאאאW J 

 
٣}١ 

 אא5%20%؟ 
אא٣}١ 

 
٣}١א 

 
 

א1 kgא5%אK 
אאאW 

1 = x + y                                (1) 
אאאW 

0.05(1) = 0 + 0.2(y)                    (2) 
 =0.25 kgy 

    X  = 0.75 kg                              
0.75 kgא1 kgא5%K 

 
٣}٢ 

 א30 kgאאא30%א
80% א250 kg אK

אא80%אK؟אא 



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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 
٣}٢א 

 
 

אאא30 + x = 250   
x = 220                                    
אא80%א220 kg 

אאאאאW 
250(y/100) = 220(0.8) + 30(0.3)               

y = 74                                        
א74%אא 

٣}٣ 
 אאאאאKאאאא

44%Kא73%אאאKW J 
١Kאאא1 kg אא 
 ٢Kאאא 

 
٣}٣א 

 
 

 
1א kgאאK 

אאאZ 0.44 kg  



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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١KאאאZ0.32 kg = 0.44 (0.73 ) 
٢KאאאאW 

1 = 0.32 + x                                
אאZ0.68 kg 

אאאאW 
0.44(1) = 0.32 + (y/100)0.68 

אאאZ17.6% 
 

٣}٤ 
 אאא9%
אKאאא14%Kא

אא 
 

 
٣}٤א 

 
 

1אkgאאK 
אאא =0.09 kg 

אאאZ0.91 kg 
אאאW 

(x/100) 1 = 0.09 + 0.14 (0.91) 
x ZאאאZ21.74% 

 
 

 



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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٣}٥ 
 1000 kg/hאאאאאאאא
85%20%Kאאא0.013 kg ماء1 kg

א400 kgא1 kgKאאאא
א 

 

 
٣}٥א 

 
 

1000א kg/h  אאK 
אאאאאZ150 kg/h = 0.15 (1000)  

אאאאZ60000 kg/h = 150 (400)  
אאאאאZ780 kg./h = (0.013) 60000  

אאאאאZ60780 kg/h  
אאאZ37.5 kg/h = ( 0.2/0.8) 150 

אאZ187.5 kg/h 
אאאאW 

1000 + 60780 = 187.5 + x                     
xZאאאZ61592.5 kg/h 

אאאW 
0.85 (1000) + 780 = 37.5 + (y/100) 61592.5 

yZאאאאZ2.6% 
Z0.0265 kg1 kgאK 

 



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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٣}٦ 
אאאא45%

55%אF115 g 100 kgKEא
א67% Kאאא

14%אא 
 

 
٣}٦א 

 
1א kgאאK 

אא1 kgאZ1.22 kg = (55/45) 1 
אZ0.0014 kg = 0.115 ( 100/1.22) K 

אאא1.22 + 1א = x + y                         
אאאא0 = 1.22 + (0.14) 1א + y (0.67)       

y =אאא1 kg Z2.03 kg  
x =אאZ0.19 kg 1 kg K 

 
٣}٧ 

 אאאאאא
אאאאKא

א58%א אאאא
42%אKאאW J 



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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 אאא12.5%א
אK80%אאא20%

אאאאKW J 
 ١Kאא100 kgאאK 

٢KאאאאאאאK 
 ٣KאאאאאאK 

 
 

 
٣}٧אא 

 
 

١KאאאאאאאאאW 
100 = x + y                                                

אאאאאאאW 
100 (0.125) = 0 + y (0.42)                            

yZאאZ29.8 kg  
xZאאZ70.2 kg 
٢Kאאאאאאא

אKאאK 
 
 



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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 

אאא70 = 80א + z          
z ZאאאZ9.8 kg 

אאאא80א (k/100 ) = 0 + z (0.58)         
אאאאאאאZkZ7.08% 

א20 kgאאאאK 
 

 
 

אאא100 (0.125) = 80 (0.0708) + 20 (L/100)               
LZאאאאZ34.2% 
٣KאאאאZ1:0.49 = 9.8/20 
 

٣}٢אאא 
אאKא

אאאK 
٣}٢}١א 

 אאאkinetic energy א
KאאאאאK

אpotential energyKאאאthermal energy
אKאאא



א ١٥٥ אא 
אאא אאא אאאא 

 
 

- ٣٨ - 

אKאאelectrical energy 
אKאאchemical energyאאatomic 

energyאאאאאאKא
אא،אאאאK 

 אאאKא
אKאאאאא

אאאאKאאK
אאאא2mCE = 

 
CZאKאאא

K 
 אאKא

אאKאאאא
אאK

אאאKא
אאאאאאאאאאK

אאאאאKא
אאאאא،

אאאKא
אאאאKאאאא

אאאK 
 אא

אאאאאאאאא
אאאK 

 
 
 



א ١٥٥ אא 
אאא אאא אאאא 

 
 

- ٣٩ - 

٣}٢}٢א 
 אאאאK

אאאאאא،א،אא،אא
אKא،אא،א،אאאאא

Kא،א،א،אאאgeothermal،א
אbiomassאאאKאאאא

אאK،אאאאאא
אאאאאאא،א،

א J٣אאאאאK 
 

٣}٢}٣אא 
١Kאnuclear fusion 

 אאאאאאאאאאא
אאאאא

אKאאאאאאאאאא
אאאKאאאא

אאאאאאאאKא
אאאא

אאאKא
אאאאFאאEאK 

 
٢Kאאnuclear fission 

 אא،אאאאאא
אאאאאאKאאאא

אאאK 
 אאאא

אK0.72%אאאאא J٢٣٥אא



א ١٥٥ אא 
אאא אאא אאאא 

 
 

- ٤٠ - 

אKא J٢٣٩אאא
 J٢٣٨אא J٢٣٣אאאK

אאאאאאא
אאאאK 

٣Kאאsolar energy 
 אאאא٤}١אKא

)5000 Qאאאא )BtuQ 18101 = 
Kאא900 Qאא

אKאאאאאא0.15 QK
אאאא0.17 Q ٢٪אKאא

א90 QאאאאאאאK 
אאאאאאאK

אאאאאאאאאא
אאאאאאK 

 
٣}٢}٤אא expendable energy sources 

 אא( fossil fuels )אא،א،א
אKאאאא

אאאאאאא
אאK 

 אאאאאא
אאאאאאאאאK

،אאאאאא
K 

 



א ١٥٥ אא 
אאא אאא אאאא 

 
 

- ٤١ - 

٣}٢}٥א 
 אא

אאאאאK 
 אאאאאK

Wאאאא J 
١KאאאאK 
٢Kאאtransit formK 

אF١EW J 
 KאאWאאאא

אאK 
 KאאאWאאאאא

אאאאאKאאאאא
אאאאאאאאא

אאאאאKאאא
אאאאאK 

 אF٢Eאאheat אworkאאא
אאאאKאאאא

Kאאאאא
אאK 

 אאאאאאאאאK
אאאאאK

אאאQאאאאאאא
אאאKאאT1אT2
W 

∫=
2

1

T

T

CdTQ  

 
 
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אאאאCW 
( ) TCTTCQ ∆=−= 12  

 
אאW 

TCQ p∆=  
 

 א(W)אאאאK
אאאKאאא

אאאK 
 אאאאא

אאאאאא( U)א(  KE)א(  PE)K
W J 

( ) ( ) )1........(PEKEUWQ ∆+∆+∆=−  
 

 אWאאא
אW J 

( ) ( )∫ ∆−∆−= )2.......(PEKEPdVW  
 

אF١EW J 
∫ ∆=− )3......(UPdVQ  

 
אאF٣E

W J 
)4.......(UQ ∆=  

 
W 

( )∫ ∫ ∆−=− PVVdPPdV  
 

 
 
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אאא אאא אאאא 
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אF٣EW J 
( )

( ) ( )111222 VPUVPU

PVUVdPQ

+−+=

∆+∆=+ ∫  

 
א(U+PV)(H)KW J 

∫ ∆=+ HVdPQ  
 

אאW J 
HQ ∆= 

 
אאאאאא، 

 
אאאheat capacity 

 אאאFE
אאאאאאאKאאאאאא

אאאKאאאאאאא
אאאאאאKאא

אאאאאאאאאא
אאאK 

 אpאאאCW 

pdT
dQCp ⎟

⎠
⎞

⎜
⎝
⎛=  

 
 אvW 

v
v dT

dQC ⎟
⎠
⎞

⎜
⎝
⎛=  

 
אאאאאא

אאאאK 
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אKאאאspecific heatאאא
אאאKאאאאאאאאW J 

kgKJaC p /.......6.837)(49.33 +=  
 

 aZאאאאK 
 

٣}٨ 
 אאאאאאאאF١٠٠٪E

אאאאאאאא15.6 CK 
 

 
٣}٨אא 

 
  

אאאאאאאאאא
אאאK 

gmoleJHNCONOC /400000......7.37.3 2222 −=∆+=++  
 

אא15.6 CאאאK 
אאאZאHאאHאK 

אאZאHאK 
W 

( ) ( )6.15)1(6.157.3400000
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 
 



א ١٥٥ אא 
אאא אאא אאאא 

 
 

- ٤٥ - 

cpZאאא15.6א C وTf KאTfcp
אTfאאאאא٣}١K 

 
Tf      C

 
)/(

2
gmoleKJC

Np

 
2COpC  

 
אא

J/gmole 
٧}٥٣٧ ٠}٣٠ ٤}٤٥ ٨١٦٥٦ 

٩}١٦٤٨ ٨}٣٢ ٤}٥٣ ٢٨٥٤٣٦ 
٠}٢٧٦٠ ٣}٣٤ ٩}٥٦ ٥٠٤٤٤٨ 

 
 Tf2250 C 

 
٣}٩ 

 אאאאאאאאא
אKאאאאאא200 kg/h95 C

40 CKאא4000 kg/hKאא20 Cא
אKאאא4.19 kJ/kgK2.10kJ/kgKK 

 

 
٣}٩אאא 

 
 

 אאK 
אאא460900= אkJ/h = 2000(4.19)(95-40) = mcp  T  
אאא(20-20)(2.10)4000 = 0=  א = mcp  T 

אא167600=  אkJ/h = 2000(4.19)9T-20) 



א ١٥٥ אא 
אאא אאא אאאא 

 
 

- ٤٦ - 

אא9(2.10)4000=  אT-20)  

אא 460900 = 167600+4000(2.10)(T-20)   
 T = 55 C     

 
 

٣}١٠ 
 אאאאא30 m/sKא

(128.26 C) 2.563 bar .אאאא100 C
0.3 m/s  Kאאאאאאא
3 mKאאאאא؟א 

 
 
 

 
٣}١٠אאא 

١Kא٢אKא٣K٤K٥אKא 
 

 
אאW 

א2.563 bar2718.0 kJ/kg 
419.04  א kJ/kg = 100 C 



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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אאאאאאאאW 
אאאא 

Q = H 
Q = 419.04-2718.0 = - 2298.96 kJ/kg 

אאאאאאאא2298.96 kJ
אאK 

אאאאאאW J 
Q - W =   H =   (PE) +   (KE) 

אאW = 0 
אאאאW J 

אא =mgh 
1(9.81)300 =                                                              

0.02943 kJ = 29.43 J =                                                              
א0= א kJ = 1(9.81) 0 

אאא=

2
)30(1

2
2

2mv 

 
       =0.450 kJ = 450 J 

אאאZ
== JkJ 045.0000045.0

2
)3.0(1 2

 

 
W 

Q - 0 = - 2298.96 + ( 0 - 0.02943 ) + ( 0.000045 - 0.450 )             
     = - 2299.44 kJ 

א٠٢}٠٪אאאאאאKאאא
אאאאאאאאאאאK 

 
٣}١١ 

אFאא3.9 kJ/kgKEא25א C  60 C 
א20 kg א120.42 C K 



א ١٥٥ אא 
אאא אאא אאאא 

 
 
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١KאאאאאK 
٢Kאא٩٠٪אאאK 
٣Kאא٩٠٪א100א C K 

 
 

 
٣}١١אאא 

 
 

١KאאאW 
אאאאאZאאאא 

אאאאא =m cp  T 
 = m ( 3.9 ) ( 60 - 25 )                                   

אאאא =m hfg 
אא120.42 CWhfg = 2201.1 kJ/kg  

אאאא=20 (2201.1)   KJ  
W 

m ( 3.9 ) ( 60 - 25 ) = 20 ( 2201.1 )    
m =א =322.5 kg  
٢KאאאאאF١KE 

אאאא =mx hfgx =א 
  20 ( 0.9 ) 2201.1  = 

W 
m ( 3.9 ) ( 60 - 25 ) = 20 ( 0.9 ) 2201.1                  

m =א =290.3 kg  



א ١٥٥ אא 
אאא אאא אאאא 
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٣KאאאאאF١KE 
אאאאZ[ ]TcTsTs hfhfxxhgm −−+ )1( 

W 
TshgZאאאא120.42א C = 

2706.7 kJ/kg 
TshfZאאאאא120.42א C =505.6 kJ/kg 
TchfZאאאאא100א C   =419.04 kJ/kg 

W 
אאאאZ 

 20[0.9 (2706.7) + 0.1 (505.6) - 419.04] 
41352 kJ =                                             

W 
m ( 3.9 ) ( 60 -25 ) = 41351               

m   = 302.9= آتلة الحليب kg 
 



  

  

  

אאאאאא  

אא  




א
א


א






٤



א ١٥٥ אאא 
אאא אאא אאא 
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אאאWאאאK 
 

אאWאאאאאאא 
 

אאWאאאאאאאא 
 

אאאWאאא٩٠٪ 
 

אאאאW٥ 
 

אאWאא 



א ١٥٥ אאא 
אאא אאא אאא 
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אאא 
Mixtures of gases and vapors 

 אאKאאאאאאא
אKא

אאאאאאאK 
 אאweight percentאweight 

fractionKאאאאאאא
אmole fractionאאאK 
 אאא
אאKאאאאC,B,A
W J 

Pa = Na RT/V 
Pb = Nb Rt/V 
Pc = Nc RT/V 

W 
 P = Nt RT/V = ( Na + Nb + Nc ) RT/V 

 
אPc, Pb, PaאאאK 

אאW 
P = Pa + Pb + Pc 

אאאאאאאא
אW 

Pa/P = Na/Nt = xa 
 
אאא(xa) אאKא

אW 
Va = Na RT/V 
Vb = Nb RT/V 
Vc = Nc RT/V 
V  = Nt  RT/V 

אאאK 



א ١٥٥ אאא 
אאא אאא אאא 

 
 
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٤}١אPsychometry 
  אאאא

KאאאאKאאא
אאאא،אא،אא،א

אאאאאאK 
  تعريفات  ١.١.٤

 saturation pointنقطة التشبع  أو dew pointة الندى نقط. ١  
 אאאאא

אאאאאאאאK
אאKאאא

אאK 
 humidity (Y)الرطوبة . ٢  
 א،אא،אKא

אאאאKאאאW J 
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W 

Pv =אאאא 
P  =אא 

אאאאא٤}١K 
 
 
 
 



א ١٥٥ אאא 
אאא אאא אאא 

 
 
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٤}١ 
 א39 C 1.013 bar K 

אאW 
Pv = Ps = 0.07 bar 

Ys = 0.622 (0.07 ) / ( 1.013 - 0.07 ) 
0.046 kg H2O/kg dry air = 

٣Kאsaturation humidity ( Ys ) 

 אאאאKאאאאא
אאאK 

( )wa

ww
s PPM

PMY
−

=  

 
Pw =אאאאK 

  
٤Kאאpercent absolute humidity (Yp) 

 אאאא
אאFאKE 
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 relative humidity (RH)الرطوبة النسبية . ٥

 אאאאאאאאא
Kאאא1.0Kאא١٠٠K 

 RH = Pv/Pw                                 
٤}٢ 

 אאאאא٦٠٪אא39 CK 
אאW 

Pw = 0.07 bar 
Pv = 0.6 (0.07) = 0.042 bar 

Y = 0.622 Pv / (p - Pv) 
= 0.622 (0.042) / (1.013 - 0.042) 

= 0.027 kg H2O / kg dry air 



א ١٥٥ אאא 
אאא אאא אאא 
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٦Kאאא humid heat ( Cy ) 

 אאאאאאאאא
אKאאאאאא

1.884א kJ/kg K , 1.005KאW 
Cy = 1.005 + 1.884 Y              kJ /kg K 

  
 total enthalpy ( H )الإنثالبي الكلية . ٧

 אאאאאאאK 
H = Ha + Y Hg  

Ha = 1.005 T                          ( T in C ) 
אאא 0 C 

  
٤}٣ 

 אאאאאK 
Ha = 1.005 ( 39 ) = 39.2 kJ/kg 

אאW 
Hg (39 C ) = 2572.6 kJ/kg 

H = 39.2 + 0.027 ( 2572.6 ) = 108.7 kJ/kg dry air 
 
 humid volume ( Vy )حجم الهواء الرطب . ٨

 אאאא
KאאאW 
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T =אאC 

T = 0Vy =אאאא 
Y = Ys Vy =אאאא 

 
 



א ١٥٥ אאא 
אאא אאא אאא 

 
 

- ٥٥ - 

٩KאאאאFאE adiabatic saturation temperature 

 אאאאאאTs
אFEאאאאאאFEאTs 

אאTsאאאאKאאא 
אאאאאאאאאאFא

אאKEאאW 
( )s

s

y
s TT

L
C

YY −=−  

 
 Ls  =אאאא Ts .  

  
١٠Kאאא wet bulb temperature ( Tw ) 

אאאאאאאK
אאאאKאאאא

אאאאאאKאאא
אאאאאאאאאK

אאאאאאK
אאאאאאאאא

אאאאאKא
אאאאאאאאK 

( )w
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c
w TT

kL
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YY −=−  

  
Yw =אTw 

Lw =אאאTw 
      hc =אאא 

k    =אא 



א ١٥٥ אאא 
אאא אאא אאא 

 
 

- ٥٦ - 

אאאTw  وTsא
אאאK 

٤}٢א psychometric ( or humidity ) chart  

 אאאאא٤}٢K 
אאא٤}١K 

  

  
٤}١אא 

 
  

  
אbאאאT1Y1Kא
אRH%אאאאאbKאcFא

bEאא١٠٠%אTdאאאKאabאא
אאאאFאאאKEאאTs1 
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אאא אאא אאא 
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٤}٢א 

 
  

אאאKYs1אKאאאאא
אאאאK 

٤}٤ 
 אאאאאא30 C אא20 C K 

אF٤}١WE 
אא =0.0104 kg H2O/kg dry air 

אאא =56.5 kJ/kg dry air 
א0.872= א m 3/kg dry air 

אאZ38% 
אZ14.6 C 

 



א ١٥٥ אאא 
אאא אאא אאא 
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٤}٥ 
 א1.0-א Cא٨٠%24.0 C
אKאאאאאא،אאK

אאאאאאאK 
 
  

  

  
  

  
אF١.٤E 

אאZ١٥٪ 
אאא =11.1 C 

אZ-3.5 C 
אאאאא6.0א kJ /kg = (H1) 
אאאאא31.5 kJ/kg = (H2) 

אאא25.5 kJ/kg = (q) 
 
 
 
 
 
 
 

 



א ١٥٥ אאא 
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٦.٤ 
 אא35 Cא21 CKאאאא

א٩٠א%Kאאא21 C K
אאא،אאא،אאאאא

אאאאK 
 
  

  

  

  

  
  

אא 21 Cאאא
KאאאאKאאא

אאאW 
אא0.0096 א kg/kg = (Y1) 

א0.0152 א kg/kg = (Y2) 

אא 0.0056 kg/kg = 

אא60.0 א kJ/kg = (H1)  

א60.0 א kJ/kg = (H2) 
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٧.٤ 
 אאאאאאאא

אא27 C אא20 C  אא-1 C 
אא-2 C אא-7 C אK 

  

  

  

  

  

  
  

  
 kJ/kg = H1 57.0אאא

א6.0א kJ/kg = H2 
אא0.0117א kg/kg = Y1 

א0.0028א kg/kg = Y2 
א0.0089א kg/kg = 

א0.037-א kJ/kg = 0.0089 (4.183)(-1) = Hy 
אא51.04 kJ/kg = 57.0-6.0+0.037 = qr 

  

  

  



א ١٥٥ אאא 
אאא אאא אאא 
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 ٨.٤  
 אאא30 m/minאאאאא
22 C א10 C  31 C אאאא

14 C. 
 
  

  

  
  

  
א0.029א kg/kg = Y2 
אא0.0026א kg/kg = Y1 
א0.0264א kg/kg = 
א1.546א kJ/kg = 0.0264 (4.183) (14) = Hy 

אאא29א kJ/kg = H1 
אא105.0א kJ/kg = H2 

א74.45א kJ/kg = 105-29-1.546 = qa 
אאאא0.84א mm/kg = 

אא44.3 kW = 2659 kJ/min = 0.84/(74.45)(30) = 
 
 
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 
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 ٩.٤ 
 45 kg/h Kאאאאאאא60 C 

אאא32 C Kאאאא40 C Kאאא
אאאאאא20 C א٦٠٪Kאא

אאאאאאא،אK
אאאאK 

  

  

  

  

  

  

  
  

אא0.0088 kg/kg = Y1 
אאאאא0.0182 kg/kg = Y3 
אאאא0.0264 kg/kg = Y4 

אא42.5 kJ/kg = H1 
אאא108.0א kJ/kg = H3 
אא108.0א kJ/kg = H4 



א ١٥٥ אאא 
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אאא5487.8 kg/h = (0.0264-0.0182)/45 = 
אאא0.842א m**3/kg = 

אא77 m**3/min = 60/(0.842)(5487.8) = 
אא(0.0264-0.0182)/(0.0264-0.0088) = 0.466א = Wa/X = 

W 
X =אאאא 

Wa =אאא 
٥٣.٤ %אאאK 

אאאאאW 
 qa = 5487.8(108) - 2557.3 (42.5) - 2930.5 (108) 

 = 167503.2 kJ/h = 46.5 kW  
 

٤}٣אאא 
٤}٣}١א 

 אאאאאKאאאא
אאאKאאא

20 C א٨٥%0.00086 kg/kg70 C  انѧفא
٧%0.02 kg/kg . 

 אאאאאאאאאאאK
אאאאאאאא

אאאאאאאאאK
אFאאאEאאF٣.٤אKE 

 אאאאאאK
אאאאאאאאאאאK

אאאא٦٠%א45 C א57.5 mbar = 95.8 

(0.60) Fא٣.٤KE 
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 ٣.٤ אאא  

  
אאאKאא

אאKאאא   المـادة
אאאKאאאאאא
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אאאאKאאאא

אאאאאאאאKאאא
אאאאאאאאאאאKא

אאK 
  

٤}١٠ 
 אאאא58 C אא30 C  . 

אא20 C אא0.0148 kg/kg. 
אא30א C 0.0273 kg/kg. 

אא0.0125 kg/kgK 
אאא58 C ودرجةא30 C،0.96 m**3/kgW 

א0.0130 kg/m**3 = 0.96/0.0125 = 
 



א ١٥٥ אאא 
אאא אאא אאא 

 
 

- ٦٦ - 

٤}٣}١}٣אאא 
 אKאאאאאא30 C 

 Kאאאא15 C אאאאאא
אאאאאאאאא58א C   Kא

אאאאאאאKא
אאאKאאאאאK

אאKאאאאK
אאאK 

 אאאא10 C אאאאK
אאא٩٠א% אאא٢٠K٪ 

אאאאאא ١.٤ אא
אאKאאאאאא60 C  אאא
אאאK 

אאאאאאאאאא
אאאאKאאאאאK

אא١٠٠%אאאKא
٩٤=  ٦ - ١٠٠א %אא ٩٨=  ٢ - ١٠٠%אאא

אא٤.%  
  

١.٤אאFאאCE 
 

אא
א


אא
א

א
א

% 


א 

א
א
kg/kg

אאW 
א 
א 

  
١٠.٠  
١٠.٠  

  
٩.٠  
٢.٥  

  
٩٠.٠  
٢٠.٠  

  
٨.٥  

-١٠.٠  

  
٠.٠٠٦٩  
٠.٠٠١٥  

W   
٦٠.٠  

  
٢٦.٠  

  
٦.٠  

  
٨.٥  

  
٠.٠٠٦٩  



א ١٥٥ אאא 
אאא אאא אאא 

 
 
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א 
א 

٠.٠٠١٥  ١٠.٠-  ٢.٠  ٢٢.٦  ٦٠.٠  

W 
א 
א 

  
٢٦.٠  
٢٢.٦  

  
٢٦.٠  
٢٢.٦  

  
١٠٠.٠  
١٠٠.٠  

  
٢٦.٠  
٢٢.٦  

  
٠.٠٢١٤  
٠.٠١٧٣  

  
 אאאאאא60 C  وѧه12 

mbar = ( 0.06) 200 אא4 mbar = (0.02) 200א
אא200א mbar. אאאאא188 

mbar = 12 - 200אא196 mbar = 4 -200אא
200 mbarKאאאאא٩٤%אא

٩٨א%אא60 C  Kא
אאאאאאאK 

 אאאאאאא
W 

0.0145 kg/kg = 0.0069 - 0.0214 אא 
٠.٠٠١٥- ٠.٠١٧٣  =0.0158 kg/kgאאKאאא

א٩ א %אאאK 
 אאאאאאאאא

אאאאאאK 
 

٤}٣}٢אcooling by evaporation 

 אאKאא
אאKאאאאא

אKאאK 
 
 



א ١٥٥ אאא 
אאא אאא אאא 

 
 

- ٦٨ - 

٤}٣}٢}١אevaporative coolers 
 אאאK

אאאא،אא
אאאאKאא

Kאאאאאאא
אאאאKא

אאאאאאאאאאא
Kאאאאאאא٨٠٪א

אאאאאאאאאאK 
 אאאאאאא

אאKאאאKאאאא
אאKאאאאאאK

אא،אאא
אאאאאאאא

אKאאאאאK 
 

٤}٣}٢}٢אאcooling towers  
 אאKאא

אאאאאאאאא
אKאאאאאא

אאאאאאאK 
 אאאאאא

אאאKאא
אאאאK 

 אאאK
אאאאאאKאאאא

אאאאאKאאאK 



א ١٥٥ אאא 
אאא אאא אאא 

 
 
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٤}٣}٣אאאhumidification and dehumidification 
 אאאKאא

אאאKאא
אKאאאK 

 אאאאא٤.٤ 
אF٥.٤EABCDK 

  

  
٤.٤אא 

 
אאאאאAKאאאB 

אאKאאא
אאא CKאאאאא

אאאDKאאאא
אאא ACKאAC 

אאאאאאאK 
 אאאEFKאאF٥.٤אE

אאאKאאאאKא
אאאKאאאאG

אאאאאאא
אKאאאאאdesiccantssilica gel 

aluminaאK  



א ١٥٥ 
אא 

אאא אאא 
 

  
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