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אאא 
Units and dimensions  

 
אאאאאאאאא

אאאאאאא
אאאK 

 
1.1אאא 

 אאאK،א،א،א،א،א،א
،א،אא،אKKKKאK 

אאKאZ،א 
אZאאK 
 אאאKאFinE

אFftEאFcmEאFmEאK 
 

2.1אאא 
1.2.1אForce 

 א(F)אm[kg] 
] am / s2[W 

F = m a 
                      = m [kg] a [m / s2] 

                 = ma [ kgm/s2] 
         = ma [N] 

 
2.2.1אPressure 

 א(P)א(F)(A)K 
P =F/A                                                   
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3.2.1אEnergy 
 א(E)אאאא(F) (l). 

E = Fl 
F [N] l [m]=  

       = Fl [Nm] 
   = Fl [J] 

 
4.2.1אPower 

 א(Pr)אאK 
[J]/T[s ]= E/T [W]                          Pr = E  

 
3.1אאאSI Units 

1.3.1אאא 
 

אאאאאאאKW 
א א אאא

א L  m 

א M א kg 

א T  s 

 
 
 

2.3.1אאאא 
א א אאא
א F  N 

א P  Pa 

א E  J 

א Pr א W 
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3.3.1א 

א א אאא
א V  l 

א m  t 

א P  bar 

 
 
 
 

4.3.1אאאא 
1Kא 1 in= 0.025 m

1 ft=0.305 m
1 yd=0.914 m

2Kא 

myd
mft
cmin

22

22

22

836.01

093.01

542.61

=

=

=

 


4Kא 1 km/h = 0.277 m/s

1 mile/h = 0.44694 m/s
5Kא 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

6Kא 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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7Kא 

ms
kg

fts
lb

mPasPascP
cPPasP

P
ms
kgNs

Pas
m

49.11

1001.01
1001.01

10111
2

=

==
==

===

 


8Kא 

kJkcalBtu
kJkcal
kWhJ

0551.1252.01
1868.41

7.21 10 7

==
=

= −

 


9Kא 1 kW= 1.34 HP = 0.953 Btu/s

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

10K
אאאK

W

Fh

Btu

mft 202 681.51 =  


11Kאא

א 
kgK
kJ

Flb

Btu
kgK

kcal
kgK
J

19.41

844.31

0

410

=

= −  
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5.3.1אא 
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 

 
4.1אאconversion of units 

1.4.1 
 אאKאא

אKאאא
א،א،אא،אאאא 

2.4.1אא 
 אאאאאאאא

אאאאK 
 

1.1 
 2 ftm 

m
ft
m

ftft 6096.0
1

3048.0
22 == 
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2.1 
 אאא14.7 psi אאbar 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

=

=

=

 

 
 

 אאאאא6500 Btu/hKאאא
KאkWh ؟אאא 

 
אאאאZ1300 Btu 

אאאאאאאא
אאK 

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

=

=

=

 

 
 

4.1  
 א40lb/fts אאcP 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

=

=

=
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אאWאK 
 

אאWאאאא 
 

אאWאאאאאא 
 

אאאWאאא90٪ 
 

אאאאW3 
 

אאW 
 JK 
 JאאאK 
 

אאWאאאאאאא
אK 
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א 
Measuring devices 

אאאאאאאאK
אאאאאאK 

1.2אpressure measuring devices  
1.1.2א 
  אאאאא

FAPKאאK
אאאK 

    P = F/A  
אאatmospheric pressureאאאK

אאאאKאאא
אאא101.3 kPa , 1.013 bar , 14.70 psi , 760 mm 

Hg .   
  א gauge pressure  وѧفهאאאאא

אאאאאK 
 אאאabsolute pressureאאאא
אKאFEvacuumאאאאא 
2.1.2אא 

 אאאKאא
 

m
N

2 

 
PaKאאbar  

   Pabar 1051 = 

K 
אאאPsilbfkgfmmHg

incm
,,, 22  
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אאאאא1.2 

1.2אא 
  
  

KPa  bar  Kgf/c
m2  

Psi  atm  inH2
0 

0C  

mm
H2O 
0C  

inH2
O 
4C  

mm
H2O
4C  

1 kPa  1.0 0.01 0.010200.145
0 

0.0098
70 

0.295
3 

7.5014.015102.0

1 bar  100.01.0 1.020 14.500.987029.53750.1401.510200
 

1kgf/c
m2  

98.070.98071.0 14.220.967828.96735.6393.710000

1lbf/in
2  

6.8950.0689
5 

0.070311.0 0.0680
5 

2.03651.7227.68703.1

1 atm  101.31.013 1.033 14.701.0 29.92760.0406.810330
1 inHg 3.3860.0338

6 
0.034530.491

2 
0.0334

2 
1.0 25.4013.60345.3

1 
mmH

g  

0.133
3 

0.0013
33 

0.00136
0 

0.019
34 

0.0013
16 

0.039
37 

1.0 0.535
2 

13.60

1 
inH2O 

0.249
1 

0.0024
91 

0.00245
0 

0.036
13 

0.0024
58 

0.073
56 

1.8681.0 25.40

1mm
H2O  

0.009
80 

0.9807
10-4 

0.00010.001
42 

0.9676
10-4 

0.002
89 

0.073
56 

0.039
37 

1FK 

 
3.1.2א 

 אאאאא
אאאK 

 אW 
 KאK 
 KאאK 
 KK 
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KאFאE 
 אאאאאKא

אאאאKאא
אאKאmanometer. 

א1.2،2.2،3.2W J 

  
 

1.2
Uclosed U-tube 

2.2U
open U-tube 

3.2אא 
open gauge 

אא
אKאאאאאאK 

 אאאאאא
Kאאאא

אאאאאK 
 אאאאאW J 

gK
AHgHgA HP )( ρρ −=  

W J 
PA=אאא 

ρ A
 Zא 
HHg Zאא 

ρ Hg
=א 

K Zאאאאא 
gZאא 
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Kאא 
 אאאאאאFEאאK

KWאאא J 
1KBourdon tubes 

 אאאאאCא
4.2 

 א65 Cאא
אKאאliquid seal

אאK 
אאאאא

אK 

 
4.2 

1Kא2K3K4K5K 
 
 
2Kאאאא 

אאאאאא5.2
א6.2Kאאאא

אאאאאאאאK 
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5.2א

 
6.2א 

 
 
3Kאאאא 

 W J 
 KאאK 
 KאK 
 אאא

Kאאאאא
אאא7.2אאא8.2אK 

  
7.2אא 8.2א 

1K2K 
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 אאאאאאאKא
אאאKאאאאFא

9.2KEא،אאאאאK 

 
9.2 

1K2K3K 
 

 
K 
1Kאstrain gauge pressure transducer 

 אאKאא
אאKאאאאאא

אאאאstrain gaugeKאא
אK 

2Kאresistive pressure transducer 
 אאאאאאK

אאKאא
אאאאא

F10.2אKEאאK 
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10.2א 

1K2K3K4K5Kא6K 
 

 
 

2.2אאtemperature measuring devices 
1.2.2אא 

 אאאאK
אאאאאאאאK

אאאאאאאא
Kאאאאאאאא

אאאאKאאא
אאאאK 

2.2.2א 
 אאאא1600

1654אFאEאאאאא
אאאא

אאKאאאאאאאK 
 1756אאאאא

אאאKאאK
אאאאKא11.2א
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אאאאא4.18 J/sFא
אאKEאאא

אK 

 
11.2אאא 

1Kא(min)2Kאא(K)3K4K5K6K 
 

 
 

 אאאאאK
F1731Eאאא80K
אאא1784אאא32א F

אאאאאא
אKאאאאאאKא

אא212 FKאאאאא
אאאאאKא

א100אK 
 אאאאאאKא

אKאאאאאא
אאK 



א 115 אא 
אאא אאא א 

 
  

- 17 - 

 א(C)(F)W J 
C = ( F - 32 ) /1.8  

אאא(K)W J 
K = C + 273 

אאאא(R)W J 
R = F + 460  

 
 אאאאאאא

אאאK 
 

2.2אאאא 
 

 Fא
R 

 CK 

א 212 672 100 373 
א 32 492 1 273 

CO2א  J109 351  J78 195 
א J297 162  J183 90 

אא  J460 0  J273 0 
 

3.2.2אא 
Kאmeasurement by expansion 

 אאאאאאKא
אאKאא

אאאK12.2אאאאאK 
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12.2אא 

1K2K3K  

 
אאא

Kאאאא
אאאאאאאאאאאא

אאאKאאא
אאאאאאאאאKא

אKאא
אאאאאאאא

אאאאאאא-
100 C (-148 F)אא-37 C(-34.6 F)K 
 אאאאאאא

אאאאאK 
 
Kאא filled systems  

 א،אאאאא
אאאאאאאאאF

13.2אKEאאאאאאK 
אFאE،

אאKאאאא
אKאאF

EאאאאאK 
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13.2אא 

1K2K3K 
 

 אאאאאW J 
 1Kא 
 2Kאאא 
 3Kאאאא 

4KאאאאאאK 
Kאאאthermocouple 

 אאאא
T1T2אiאאאאאא

14.2א T2  T1.   

 
14.2 
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אKאא(emf)א
15.2אאT2T1K 

 
15.2אאא 

 
 

 
 אאאאK

אאאאא
אK 

 אאאאאא
אאאאאאאאאK 

אאאFאEא
אאאF،Eא16.2K 

 

 
16.2א 

 
 

אאאW J 
T3 = T4 = T5 = T6  

אא(mV)אא(potentiometer )
אאאאאK 
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 אאאאאאאאא
אאאF3.2KE 

 אאאאKאאא
אKאאא

KאאאאW J 
Kאאאאאא 

Kאאאאאא 
 אאא-300 F)  185 C (  
copper -constantan 
 אאאiron- constantan 
 אא( 2300 F ) 1260 C  

Chromel- alumel 
 אא( 2700 F ) 1482 C 

Platinum- rhodium 
KאKאאא

אאאאא
אאאK 

 KאאאאאאאK 
 

3.2אאFאא0 E 
אא(F) Cchromel-

alumel (mV)
Iron-

constantan 
(mV) 

copper- 
constantan (mV)

 J128.9F J200E J4.29  J5.76  J4.111 
 J101.1F J150E J3.52  J4.68  J3.380 
 J73.3F J100E  J2.65  J3.49  J2.559 
 J47.2F J50E  J1.70  J2.22  J1.654 
 J40F J40E  J1.50  J1.96  J1.463 
 J28.9F J20E  J1.10  J1.43  J1.072 
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 J17.8F0E  J0.68  J0.89  J0.670 
 J6.7F20E  J0.20  J0.34  J0.254 

4.4F40E 0.18 0.22 0.171 
15.6F60E 0.62 0.79 0.609 
26.7F80E 1.06 1.36 1.057 
37.8F100E 1.52 1.94 1.517 
48.9F120E 1.97 2.52 1.987 

60F140E 2.43 3.11 2.464 
71.1F160E 2.89 3.71 2.958 
82.2F180E 3.36 4.31 3.458 
93.3F200E 3.82 4.91 3.967 

104.4F220E 4.28 5.51 4.486 
115.6F240E 4.74 6.11 5.014 
126.7F260E 5.20 6.72 5.550 
137.8F280E 5.65 7.33 6.094 
148.9F300E 6.09 7.94 6.647 
176.7F350E 7.20 9.48 8.064 
204.4F400E 8.31 11.03 9.525 
232.2F450E 9.43 12.57 11.030 

260F500E 10.57 14.12 12.575 
315.6F600E 12.86 17.18 15.773 
371.1700E 15.18 20.26 19.100 

 
 

Kאאאאאאאא
אאאKאאאא

K 
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Kאאresistive thermometers 
 אאאאאאאא

אF17.2E 
 
 
 
 
 
 

 
17.2אאאאא 

Rt= אאt 

Ro= אא0C 
 

 
אאאאאאא

אאא(thermisters)K 
 אאאאאאאK

אאאאאWheatstone bridgeK 
 אאאא 
-260 600 C אאאא

אאKKא
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אKאאאאא
אFKEא

אאKא
אאאאK 

 
Kאאpyrometers 

 אאאא1300 C Kאא
אאאאאאradiation pyrometer

W J 
1Kאאאoptical pyrometers 

 אאאאK
אאאא

אאאKא
אKאא

אאאאK 
2Kאאradiation pyrometers 

 אאאאאא
אK 

 אאאא
אאK 
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3.2אlevel measuring instruments 
 אאאKא

אאאKאאאאא
אKאאאאאאאK 

אW J 
1.3.2אtape gauge 

 אאאאא
18.2אKאא

אאKאא
אאאK 

 

 
18,2א 

1K2K3K4Kא 
 
 

2.3.2אsight (gauge) glass 
 אאאאאK

אאאאאא
אאאאאKאאא
אאאא(0.5 in) 1.27 cmKא
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אאאא
אKא19.2K 

 
19.2א 

1K2Kא3K 
 

3.3.2אאfloat 
 אאאאאאF
20.2EאאאאאKאא

אK 

  
21.2אאאאFא

אE 
20.2אאאא

 

1K2K3K4Kא5K6K 
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 אאאאאאא
אKW JאאאאF21.2E

אאF22.2KE 
4.3.2אאhydrostatic pressure 

אאאאKא
אghP ρ= 

KאאאKאאF23.2E
אאאאאאK 

 

 
22.2אאאאFאE 

1K2Kאא3Kא4K 
 

 
 
 

 
23.2אא 

1Kא2K3Kאא 
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5.3.2אאsonic level detector 
 אאF24.2Eאא
אKאאאאא
KאאאאK 

 
24.2אא 

1K2Kא3Kא 
 

 
 



  

  

  

אאאאאאאא  

אא  


א


א

א
א
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אאWאאאאK 
 

אאWאאאאאאאאא 
 

אאWאאאאאאאאאא 
 

אאאWאאא90٪ 
 

אאאאW4 
 

אאW JאאאK 
 JאאK 
 JאK 
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אאאאאא 
Material and energy balance 

 אאאאאאאאא
אKאאאאאאאאאKאא
אא،אK

אsystemKאאsteady state
אאאאKאא

אאאאאאאאK 
1.3אאא 

 אאאאאאאא
Kאאאאאאאא
אK 

אW J 
אאאאאאאאא

אK 
 ،אא،אאא

אאאאאאK 
 אאאאאאאאאאא

אאאאאKאא
אאK 
 אאאאאW J 

1KאאKKאאK
אאאאאאאאאK 

2KאאאאאK 
3KאאאK 

 אאאאאbatch 

processאאאאאאאK
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אאאאאK
אאאcontinuous processאא

אאKאאאאאK 
אאאאאW J 

 
1.3 

 אא5%20%؟ 
אא1.3 

 
1.3א 

 
 

א1 kgא5%אK 
אאאW 

1 = x + y                                (1) 
אאאW 

0.05(1) = 0 + 0.2(y)                    (2) 
 =0.25 kgy 

    X  = 0.75 kg                              
0.75 kgא1 kgא5%K 

 
2.3 

 א30 kgאאא30%א
80% א250 kg אK

אא80%אK؟אא 
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2.3א 

 
 

אאא30 + x = 250   
x = 220                                    
אא80%א220 kg 

אאאאאW 
250(y/100) = 220(0.8) + 30(0.3)               

y = 74                                        
א74%אא 

3.3 
 אאאאאKאאאא

44%Kא73%אאאKW J 
1Kאאא1 kg אא 

 2Kאאא 

 
3.3א 

 
 

 
1א kgאאK 

אאאZ 0.44 kg  
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1KאאאZ0.32 kg = 0.44 (0.73 ) 
2KאאאאW 

1 = 0.32 + x                                
אאZ0.68 kg 

אאאאW 
0.44(1) = 0.32 + (y/100)0.68 

אאאZ17.6% 
 

4.3 
 אאא9%
אKאאא14%Kא

אא 
 

 
4.3א 

 
 

1אkgאאK 
אאא =0.09 kg 

אאאZ0.91 kg 
אאאW 

(x/100) 1 = 0.09 + 0.14 (0.91) 
x ZאאאZ21.74% 
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5.3 
 1000 kg/hאאאאאאאא
85%20%Kאאא0.013 kg ماء1 kg

א400 kgא1 kgKאאאא
א 

 

 
5.3א 

 
 

1000א kg/h  אאK 
אאאאאZ150 kg/h = 0.15 (1000)  

אאאאZ60000 kg/h = 150 (400)  
אאאאאZ780 kg./h = (0.013) 60000  

אאאאאZ60780 kg/h  
אאאZ37.5 kg/h = ( 0.2/0.8) 150 

אאZ187.5 kg/h 
אאאאW 

1000 + 60780 = 187.5 + x                     
xZאאאZ61592.5 kg/h 

אאאW 
0.85 (1000) + 780 = 37.5 + (y/100) 61592.5 

yZאאאאZ2.6% 
Z0.0265 kg1 kgאK 
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6.3 
אאאא45%

55%אF115 g 100 kgKEא
א67% Kאאא

14%אא 
 

 
6.3א 

 
1א kgאאK 

אא1 kgאZ1.22 kg = (55/45) 1 
אZ0.0014 kg = 0.115 ( 100/1.22) K 

אאא1.22 + 1א = x + y                         
אאאא0 = 1.22 + (0.14) 1א + y (0.67)       

y= אאא1 kg Z2.03 kg  
x= אאZ0.19 kg 1 kg K 

 
7.3 

 אאאאאא
אאאאKא

א58%א אאאא
42%אKאאW J 
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 אאא12.5%א
אK80%אאא20%

אאאאKW J 
 1Kאא100 kgאאK 

2KאאאאאאאK 
 3KאאאאאאK 

 
 

 
7.3אא 

 
 

1KאאאאאאאאאW 
100 = x + y                                                

אאאאאאאW 
100 (0.125) = 0 + y (0.42)                            

yZאאZ29.8 kg  
xZאאZ70.2 kg 
2Kאאאאאאא

אKאאK 
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אאאא80 = 70 + z          
z ZאאאZ9.8 kg 

אאאא80א (k/100 ) = 0 + z (0.58)         
אאאאאאאZkZ7.08% 

א20 kgאאאאK 
 

 
 

אאא100 (0.125) = 80 (0.0708) + 20 (L/100)               
LZאאאאZ34.2% 
3KאאאאZ1:0.49 = 9.8/20 
 

2.3אאא 
אאKא

אאאK 
1.2.3א 

 אאאkinetic energy א
KאאאאאK

אpotential energyKאאאthermal energy
אKאאא
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אKאאelectrical energy 
אKאאchemical energyאאatomic 

energyאאאאאאKא
אא،אאאאK 

 אאאKא
אKאאאאא

אאאאKאאK
אאאא2mCE = 

 
CZאKאאא

K 
 אאKא

אאKאאאא
אאK

אאאKא
אאאאאאאאאאK

אאאאאKא
אאאאא{א

אאKא
אאאאKאאאא

אאאK 
 אא

אאאאאאאאא
אאאK 
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2.2.3א 
 אאאאK

אאאאאא،א،אא،אא
אKא،אא،א،אאאאא

Kא،א،א،אאאgeothermal،א
אbiomassאאאKאאאא

אאK،אאאאאא
אאאאאאא،א،

א J3אאאאאK 
 

3.2.3אא 
1Kאnuclear fusion 

 אאאאאאאאאאא
אאאאא

אKאאאאאאאאאא
אאאKאאאא

אאאאאאאאKא
אאאא

אאאKא
אאאאFאאEאK 

 
2Kאאnuclear fission 

 אא،אאאאאא
אאאאאאKאאאא

אאאK 
 אאאא

אK0.72%אאאאא J235אא
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אKא J239א
אא J238אא J233אאא
Kאאאאאא

אאאאאK 
3Kאאsolar energy 

 אאאא1.4אKא
)5000 Qאאאא )BtuQ 18101 = 

Kאא900 Qאא
אKאאאאאא0.15 QK

אאאא0.17 Q 2٪אKאא
א90 QאאאאאאאK 

אאאאאאאK
אאאאאאאאאא

אאאאאאK 
 

4.2.3אא expendable energy sources 

 אא( fossil fuels )אא،א،א
אKאאאא

אאאאאאא
אאK 

 אאאאאא
אאאאאאאאאK

،אאאאאא
K 
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5.2.3א 
 אא

אאאאאK 
 אאאאאK

Wאאאא J 
1KאאאאK 
2Kאאtransit formK 

אF1EW J 
 KאאWאאאא

אאK 
 KאאאWאאאאא

אאאאאKאאאאא
אאאאאאאאא

אאאאאKאאא
אאאאאK 

 אF2Eאאheat אworkאאא
אאאאKאאאא

Kאאאאא
אאK 

 אאאאאאאאאK
אאאאאK

אאאQאאאאאאא
אאאKאאT1אT2
W 

∫=
2

1

T

T

CdTQ  
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אאאאCW 
( ) TCTTCQ ∆=−= 12  

 
אאW 

TCQ p∆=  
 

 א(W)אאאאK
אאאKאאא

אאאK 
 אאאאא

אאאאאא( U)א(  KE)א(  PE)K
W J 

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

 אWאאא
אW J 

( ) ( )∫ ∆−∆−= )2.......(PEKEPdVW  
 

אF1EW J 
∫ ∆=− )3......(UPdVQ  

 
אאF3E

W J 
)4.......(UQ ∆=  

 
W 

( )∫ ∫ ∆−=− PVVdPPdV  
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אF3EW J 
( )

( ) ( )111222 VPUVPU

PVUVdPQ

+−+=

∆+∆=+ ∫  

 
א(U+PV)(H)KW J 

∫ ∆=+ HVdPQ  
 

אאW J 
HQ ∆= 

 
אאאאאא، 

 
אאאheat capacity 

 אאאFE
אאאאאאאKאאאאאא

אאאKאאאאאאא
אאאאאאKאא

אאאאאאאאאא
אאאK 

 אpאאאCW 

pdT
dQCp 






=  

 
 אvW 

v
v dT

dQC 





=  

 
אאאאאא

אאאאK 
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אאאאאאאאאא
אKאאאspecific heatאאא
אאאKאאאאאאאאW J 

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

 aZאאאאK 
 

8.3 
 אאאאאאאאF100٪E

אאאאאאאא15.6 CK 
 

 
8.3אא 

 
  

אאאאאאאאאא
אאאK 

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

אא15.6 CאאאK 
אאאZאHאאHאK 

אאZאHאK 
W 

( ) ( )6.15)1(6.157.3400000
22

−+−= fpfp TCTC
CON
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cpZאאא15.6א Cو Tf KאTfcp
אTfאאאאא1.3K 

 
Tf      C 

 
)/(

2
gmoleKJC

Np
 

 
2COp

C  
 

אא
J/gmole 

537.7 30.0 45.4 81656 
1648.9 32.8 53.4 285436 
2760.0 34.3 56.9 504448 

 
 Tf2250 C 

 
9.3 

 אאאאאאאאא
אKאאאאאא200 kg/h95 C

40 CKאא4000 kg/hKאא20 Cא
אKאאא4.19 kJ/kgK2.10kJ/kgKK 

 

 
9.3אאא 

 
 

 אאK 
אאא460900 =אkJ/h = 2000(4.19)(95-40) = mcp  T  
אאא(20-20)(2.10)4000 = 0 = א = mcp  T 

אאא = 167600kJ/h = 2000(4.19)9T-20) 
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אא9(2.10)4000 = אT-20)  

אא 460900 = 167600+4000(2.10)(T-20)   
 T = 55 C     

 
 

10.3 
 אאאאא30 m/sKא

(128.26 C) 2.563 bar .אאאא100 C
0.3 m/s  Kאאאאאאא
3 mKאאאאא؟א 

 
 
 

 
10.3אאא 

1Kאא2Kא3K4Kא5Kא 
 

 
אאW 

א2.563 bar2718.0 kJ/kg 
א  419.04 kJ/kg = 100 C 
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אאאאאאאאW 
אאאא 

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

אאאאאאאא2298.96 kJ
אאK 

אאאאאאW J 
Q - W =   H =   (PE) +   (KE) 

אאW = 0 
אאאאW J 

אא =mgh 
1(9.81)300 =                                                              

0.02943 kJ = 29.43 J =                                                              
אא =0 kJ = 1(9.81) 0 

אאא=

2
)30(1

2
2

2mv 

 
       =0.450 kJ = 450 J 

אאאZ
== JkJ 045.0000045.0

2
)3.0(1 2

 

 
W 

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

א0.02٪אאאאאאKאאא
אאאאאאאאאאאK 

 
11.3 

אFאא3.9 kJ/kgKEא25א C  60 C 
א20 kg א120.42 C K 
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1KאאאאאK 
2Kאא90٪אאאK 
3Kאא90٪אא100 C K 

 
 

 
11.3אאא 

 
 
1KאאאW 

אאאאאZאאאא 
אאאאא =m cp  T 

 = m ( 3.9 ) ( 60 - 25 )                                   
אאאא =m hfg 

אא120.42 CWhfg = 2201.1 kJ/kg  
אאאא=20 (2201.1)   KJ  

W 
m ( 3.9 ) ( 60 - 25 ) = 20 ( 2201.1 )    

m= א =322.5 kg  
2KאאאאאF1KE 

אאאא =mx hfgx= א 
  20 ( 0.9 ) 2201.1  = 

W 
m ( 3.9 ) ( 60 - 25 ) = 20 ( 0.9 ) 2201.1                  

m= א =290.3 kg  
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3KאאאאאF1KE 
אאאאZ[ ]TcTsTs hfhfxxhgm −−+ )1( 

W 
TshgZאאאאא120.42 C=  

2706.7 kJ/kg 
TshfZאאאאא120.42א C =505.6 kJ/kg 
TchfZאאאאאא100 C   =419.04 kJ/kg 

W 
אאאאZ 

 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 
 



  

  

  

אאאאאא  

אא  


א

א



א




4
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אאאWאאאK 
 

אאWאאאאאאא 
 

אאWאאאאאאאא 
 

אאאWאאא90٪ 
 

אאאאW3 
 

אאWאא 
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אאא 
Mixtures of gases and vapors 

 אאKאאאאאאא
אKא

אאאאאאאK 
 אאweight percentאweight 

fractionKאאאאאאא
אmole fractionאאאK 
 אאא
אאKאאאאC,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 

 
אPc, Pb, PaאאאK 

אאW 
P = Pa + Pb + Pc 

אאאאאאאא
אW 

Pa/P = Na/Nt = xa 
 
אאא(xa) אאKא

אW 
Va = Na RT/V 
Vb = Nb RT/V 
Vc = Nc RT/V 
V  = Nt  RT/V 

אאאK 
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1.4אPsychometry 
  אאאא

KאאאאKאאא
אאאא،אא،אא،א

אאאאאאK 
   تعريفات 1.1.4
 saturation point نقطة التشبع أو dew pointة الندى نقط. 1  
 אאאאא

אאאאאאאאK
אאKאאא

אאK 
 humidity (Y)الرطوبة . 2  
 א،אא،אKא

אאאאKאאאW J 

v

v

v

v

aa

vv

aa

vv

a

v

PP
P
PP

P
PM
PM

RTVPM
RTVPM

m
m

Y

−
=

−
=

===

622.0

)(98.28
02.18

/
/

 

 
W 

Pv= אאאא 
P=  אא 

אאאאא1.4K 
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1.4 
 א39 C 1.013 bar K 

אאW 
Pv = Ps = 0.07 bar 

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

3Kאsaturation humidity ( Ys ) 

 אאאאKאאאאא
אאאK 

( )wa

ww
s PPM

PMY
−

=  

 
Pw= אאאאK 

  
4Kאאpercent absolute humidity (Yp) 

 אאאא
אאFאKE 

( )
( )

100100
vw

wv

s
p PPP

PPp
Y
Y

Y
−

−
==  

 
 
 relative humidity (RH)الرطوبة النسبية . 5

 אאאאאאאאא
Kאאא1.0Kאא100K 

 RH = Pv/Pw                                 
2.4 

 אאאאא60٪אא39 CK 
אאW 

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 
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6Kאאא humid heat ( Cy ) 

 אאאאאאאאא
אKאאאאאא

1.884א kJ/kg K , 1.005KאW 
Cy = 1.005 + 1.884 Y              kJ /kg K 

  
 total enthalpy ( H )الإنثالبي الكلية . 7

 אאאאאאאK 
H = Ha + Y Hg  

Ha = 1.005 T                          ( T in C ) 
אאא 0 C 

  
3.4 

 אאאאאK 
Ha = 1.005 ( 39 ) = 39.2 kJ/kg 

אאW 
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 . 8

 אאאא
KאאאW 









++=

wA
y M

Y
M

TV
1

)273(
273

4.22  

 
T= אאC 

T = 0Vy= אאאא 
Y = Ys Vy= אאאא 
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9KאאאאFאE adiabatic saturation temperature 

 אאאאאאTs
אFEאאאאאאFEאTs 

אאTsאאאאKאאא 
אאאאאאאאאאFא

אאKEאאW 
( )s

s

y
s TT

L
C

YY −=−  

 
 Ls = אאאא Ts.   

  
10Kאאא wet bulb temperature ( Tw ) 

אאאאאאאK
אאאאKאאאא

אאאאאאKאאא
אאאאאאאאאK

אאאאאאK
אאאאאאאאא

אאאאאKא
אאאאאאאאK 

( )w
w

c
w TT

kL
h

YY −=−  

  
Yw= אTw 

Lw= אאאTw 
      hc= אאא 

k   = אא 
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אאאTw   و Tsא
אאאK 

2.4א psychometric ( or humidity ) chart  

 אאאאא2.4K 
אאא1.4K 

  

  
1.4אא 

 
  
  

אbאאאT1Y1Kא
אRH%אאאאאbKאcFא

bEאא100%אTdאאאKאabאא
אאאאFאאאKEאאTs1 
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2.4א 

 
  

אאאKYs1אKאאאאא
אאאאK 

4.4 
 אאאאאא30 C אא20 C K 

אF1.4WE 
אא =0.0104 kg H2O/kg dry air 

אאא =56.5 kJ/kg dry air 
א0.872= א m 3/kg dry air 

אאZ38% 
אZ14.6 C 
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5.4 
 א1.0-א Cא80%24.0 Cא

Kאאאאאא،אאKאא
אאאאאK 

 
  
  

  
  

  
אF1.4E 

אאZ15٪ 
אאא =11.1 C 

אZ-3.5 C 
אאאאא6.0א kJ /kg = (H1) 
אאאאא31.5 kJ/kg = (H2) 

אאא25.5 kJ/kg = (q) 
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6.4 
 אא35 Cא21 CKאאאא

א90%אKאאא21 C K
אאא،אאא،אאאאא

אאאאK 
 
  
  
  
  

  
  

אא 21 Cאאא
KאאאאKאאא

אאאW 
אא0.0096 א kg/kg = (Y1) 

א0.0152 א kg/kg = (Y2) 

אא 0.0056 kg/kg = 

אא60.0 א kJ/kg = (H1)  

אא 60.0 kJ/kg = (H2) 
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7.4 
 אאאאאאאא

אא27 C אא20 C  אא-1 C 
אא-2 C אא-7 C אK 

  
  
  
  
  

  
  
  
 57.0 kJ/kg = H1אאא

א6.0א kJ/kg = H2 
אא0.0117א kg/kg = Y1 

א0.0028א kg/kg = Y2 
א0.0089א kg/kg = 

א0.037-א kJ/kg = 0.0089 (4.183)(-1) = Hy 
אא51.04 kJ/kg = 57.0-6.0+0.037 = qr 
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 8.4  
 אאא30 m/minאאאאא
22 C א10 C  31 C אאאא

14 C. 
 
  

  
  

  
  

א0.029א kg/kg = Y2 
אא0.0026א kg/kg = Y1 
א0.0264א kg/kg = 
א1.546א kJ/kg = 0.0264 (4.183) (14) = Hy 

אאא29א kJ/kg = H1 
אא105.0א kJ/kg = H2 

א74.45א kJ/kg = 105-29-1.546 = qa 
אאאא0.84א mm/kg = 

אא44.3 kW = 2659 kJ/min = 0.84/(74.45)(30) = 
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 9.4 
 45 kg/h Kאאאאאאא60 C 

אאא32 C Kאאאא40 C Kאאא
אאאאאא20 C א60٪Kאא

אאאאאאא،אK
אאאאK 

  
  
  
  
  

  
  

  
אא0.0088 kg/kg = Y1 

אאאאא0.0182 kg/kg = Y3 
אאאא0.0264 kg/kg = Y4 

אא42.5 kJ/kg = H1 
אאא108.0א kJ/kg = H3 
אא108.0א kJ/kg = H4 
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אאא5487.8 kg/h = (0.0264-0.0182)/45 = 
אאא0.842א m**3/kg = 

אא77 m**3/min = 60/(0.842)(5487.8) = 
אא(0.0264-0.0182)/(0.0264-0.0088) = 0.466א = Wa/X = 

W 
X= אאאא 

Wa= אאא 
53.4% אאאK 

אאאאאW 
 qa = 5487.8(108) - 2557.3 (42.5) - 2930.5 (108) 

 = 167503.2 kJ/h = 46.5 kW  
 

3.4אאא 
1.3.4א 

 אאאאאKאאאא
אאאKאאא

20 C א85%0.00086 kg/kg70 C  انѧفא
7%0.02 kg/kg.  

 אאאאאאאאאאאK
אאאאאאאא

אאאאאאאאאK
אFאאאEאאF3.4אKE 

 אאאאאאK
אאאאאאאאאאאK

אאאא60%א45 C א57.5 mbar = 95.8 

(0.60) Fא3.4KE 
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 3.4 אאא  

  
אאאKאא

אאKאאא    المـادة 
אאאKאאאאאא

אאKאאאאאא3.4א
אאאאאאא

אאKאאאאאK 
 אאאאא

אאא
אאאאאאאKא

אאאאאKא
אאאאאאאK 

1.1.3.4אאאאא 
אאאאאאאאאא

אאKאאאF
אאKEאאאKאאא

א100%אKאאא
،אאא،אאKאאF

אEאאאאא
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אאאאאאאKא
אאאאאאא

אאאאאאKאאא
אK 

אאאאאאאאא
אאאאאאאאאKאא

אאאאאאאאKא
אאאאאאאאאא

אאKאאאאK 
2.1.3.4אאdrying capacity of air 

 אאאאK
אאאאאאאאאאאK

אאFאאEאאאK 
 אאאאא

אאאאKאאאא
אאאאאאאאKאאא

אאאאאאאאאאאKא
אאK 

  
10.4 

 אאאא58 C אא30 C .  
אא20 C אא0.0148 kg/kg. 

אא30א C 0.0273 kg/kg. 
אא0.0125 kg/kgK 

אאא58 C ودرجةא30 C،0.96 m**3/kgW 
א0.0130 kg/m**3 = 0.96/0.0125 = 
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3.1.3.4אאא 
 אKאאאאאא30 C 

 Kאאאא15 C אאאאאא
אאאאאאאאא58א C   Kא

אאאאאאאKא
אאאKאאאאאK

אאKאאאאK
אאאK 

 אאאא10 C אאאאK
אאא90%א אאא20K٪ 

אאאאאא 1.4 אא
אאKאאאאאא60 C  אאא
אאאK 

אאאאאאאאאא
אאאאKאאאאאK

אא100%אאאKא
94% = 6 - 100א אא 100 - 2 = 98%אאא

אא4.%  
  

1.4אאFאאCE 
 

אא
א


אא
א

א
א

% 


א 

א
א
kg/kg

אאW 
א 
א 

  
10.0  
10.0  

  
9.0  
2.5  

  
90.0  
20.0  

  
8.5  

-10.0  

  
0.0069  
0.0015  

W   
60.0  

  
26.0  

  
6.0  

  
8.5  

  
0.0069  
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א 
א 

60.0  22.6  2.0  -10.0  0.0015  

W 
א 
א 

  
26.0  
22.6  

  
26.0  
22.6  

  
100.0  
100.0  

  
26.0  
22.6  

  
0.0214  
0.0173  

  
 אאאאאא60 C  وѧه12 

mbar = ( 0.06) 200 אא4 mbar = (0.02) 200א
אא200א mbar. אאאאא188 

mbar = 12 - 200אא196 mbar = 4 -200אא
200 mbarKאאאאא94%אא

98%אאא60 C  Kא
אאאאאאאK 

 אאאאאאא
W 

0.0145 kg/kg = 0.0069 - 0.0214 אא 
0.0173 -0.0015 = 0.0158 kg/kgאאKאאא

א9 א %אאאK 
 אאאאאאאאא

אאאאאאK 
 

2.3.4אcooling by evaporation 

 אאKאא
אאKאאאאא

אKאאK 
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1.2.3.4אevaporative coolers 
 אאאK

אאאא،אא
אאאאKאא

Kאאאאאאא
אאאאKא

אאאאאאאאאאא
Kאאאאאאא80٪א

אאאאאאאאאאK 
 אאאאאאא

אאKאאאKאאאא
אאKאאאאאאK

אא،אאא
אאאאאאאא

אKאאאאאK 
 

2.2.3.4אאcooling towers  
 אאKאא

אאאאאאאאא
אKאאאאאא

אאאאאאאK 
 אאאאאא

אאאKאא
אאאאK 

 אאאK
אאאאאאKאאאא

אאאאאKאאאK 
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3.3.4אאאhumidification and dehumidification 
 אאאKאא

אאאKאא
אKאאאK 

 אאאאא4.4 
אF5.4EABCDK 

  

  
4.4אא 

 
אאאאאAKאאאB 

אאKאאא
אאא CKאאאאא

אאאDKאאאא
אאא ACKאAC 

אאאאאאאK 
 אאאEFKאאF5.4אE

אאאKאאאאKא
אאאKאאאאG

אאאאאאא
אKאאאאאdesiccantssilica gel 

aluminaאK  
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