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 
،،אא،אW 

 
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א؛א
אאK 

 
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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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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 
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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אאא
א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K 
אאאאאאאאאא

א،،א
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אאWאא 
אאWאאאאאאא

אאאאאK 
 

אאWאאאאאאאאאK
אאאאאאאאK 

 
אאאWאאא٩٥K٪ 

 
אאאאW٣K 

 
אאWא 

 
אאWאאאאאאאא
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אW 
אאאאאאK

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KאאאאאאאאSpecific Heat
אאאאאאאא

אKאאCpאאW 

TM
Qc p ∆

= 
:QאאאאFKJKE 

 :MאFKgKE 
 :TאאאFC0KE 
 :CpאאאFKJ/kg.kKE 

אאאא،אאא
אאא،אאאCp

CvKאאאאKאאא
אאאא،אאאאא

אאאW 
 
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אא 
אאא

FJ/kg.kE 
אא 

אאא
FKJ/kg.kE 

 ٣٠١٤  אא ٣٥٢٠  

 ٣٩٣٥  א ٢١٣٥  

 ٣٧٢٦  א٤٠١٩  

א ٣٥١٧  א ٢٨١٠  

א ٤٠١٣  אא ٣٦٠٠  

F١ J١EאאאאאאK 
 

אאאThermal conductivity W 
אאאאא

אאאאKאא K 
FW/m.kKEאאאאאאא

אאאאאאKאא
אאאאאאא٦٠א%אW 

K = 0.148 + 0.00493 w 
w אאK 

אאאא60C0
٨٠-٦٠ %W 

K = 0.08 + 0.0052w 
F١ J١E 

אאאא٦٥%؟ 
K = 0.148 + 0.00493*65 =0.46845 W/m.k 

 
 
 



א ١٥٣ אא 
אאא אאאאא אא 
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אאאאאאאThe Relation Of Heat Transfer To 

ThermodynamicsW 
אאאאאאKא

אאאאאKא
אאאאK 

אאאאW 

אאW אאאAאאB
אאBאאCאאA 

אאCK 
אאW 

אW 
١K אאאאא

אאאאאאאK
אאW 

∑ ∑= WQ 

٢K אWאאאא
אאאאאאאא

אאאKאW 
WQU ∆−∆=∆ 

א אא א  א         א
K 

אאאאא
אאאאאKא

∑ ∑= dWdQ



א ١٥٣ 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K 

F١ J٢E 
1000kwKאאאא2800kj/kgKאא

אא2100kj/kgKאאאאא5kwK
אאאאKאאF١ J١E 

WQ ∑=∑  

M0(  2800 -2100  )         =   (    1000        -                    5) 

M0      (700)   =             995 

M0 =995/700    = 1.4214      kg/s 

  

F١ J١EאK 

F١ J٣E 
אאאKאאאא45kj/kg

אאא. 90kj/kgאאאאאK 
WQU ∑−∑=∆ 

U∆  = (-45)-(-90) = 45kj/kg 

  

אאאא
אאאאאא

Kאאאא 



א ١٥٣ אא 
אאא אאאאא אא 

 
  

- ٦  -  

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
אאאאאא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Kאאאאאא

אFאאEאא
אאאאאאK

אאאאא
אאאאא

אאאאK 
אאאאא

אאKאאא
אאאאאאאאא

אאאאאK 
  

אאאאTransient Heat TransferW 
אאאאא

אאאKאא
אאאאאא
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٢K Bi0.140אאאאא
KhאFo

אאאאאאאK
אאאאK 
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rאאא،אא
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F١ J٥E 
60cmאאא20C0א

א577C0אאאאאאא13.5w/m2K
אאא4w/mKא2590kg/m3אאא

0.3Kj/kgKאאאא8.75אhr.K 
W 
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F١ J٦E 
10cmאאאא18C05.25hrא-

4C0אאאא3w/m2Kאאא
0.15w/mK אאאא4.75אX10-4m2/hrK؟ 
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٣ JBi40אאאFE
אאאKאאא

אאKאאאK 
 
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אאWאאאאא 
אאWאאאאאאK 

 
אאWאאאאאK

אאאאאאאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٨K 
 

אאWאK 
 

אאWאאאא
אאאאאאKאא
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Kאאאאא
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אאאMechanisms of Heat Transfer K 
אאאW 

١K אאא:Conduction Heat Transfer .אאאא
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אאאאKKKKאא

אאאאKאאאאאא
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W 

dx
dTKAqk −=  

TאאTemperature،X אThickness،
A אArea،אK אאאא
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אאE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KאאF٢ J١KE 

  
F٢ J١EאאאxK 

אF٢ J١Eאאאאאאאאא
אאאK 

א k ( W/m K) א k ( W/m K) 

אFE400 א 0.17 

204 א א 0.197 

אFE 0.2 אא 0.025 

0.75 א א 0.559 

0.6 א א0.635 

א24 א א 0.247 



א ١٥٣ אא 
אאא אאאאא אאאאא 
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אא 0.032 א 0.689 

١٢א 0.073 א 0.338 

F٢ J١E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א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W 
( )21 TT

L
KAqK −=  

 .(W) x אאא   = qk 
     =  k אאאFW/m.kE (W/m °C). 

    = A אאאאFm²EK 
   =  L אאאא. (m) 

    =  T אא (C0)K 
  

  

F٢ J٢EאאאK 



א ١٥٣ אא 
אאא אאאאא אאאאא 
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F٢ J١E 
א3.5m1mא25C0אא3C0א

7cmאאאא0.9w/mkאאאא
אא 

אW 
אאA=3.5*1=3.5m2 

( )21 TT
L

KAqK −=  

( ) wqK 990325
07.0

5.3*9.0
=−=  

 
F٢ J٢E 

 2m 65cm 2mmאאא
אאאא 0.78w/mkאאא2C0

Kאאאאא18C0א 
א 

אאאאאאא 
A = 2 * 0.65 = 1.3m2 

( )21 TT
L

KAqK −= 

( ) wqK 2.811218
002.0

3.1*78.0
=−= 

F٢ J٣E 
אאאאאאאK 

אWאאאאאא 8112w
אאW 

( )21 TT
L

KAqK −=  



א ١٥٣ אא 
אאא אאאאא אאאאא 
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( )

0
2

2

2

2

10818
818

3.1*78.0
01.0*2.81118

18
01.0

3.1*78.02.811

CT
T

T

T

=−=

=−

=−

−=

 

אאאאאאWAnalogy Between Heat Transfer 
And Electricity 

אאא
אKאאא

אאאא
אאאK 

TV ∆≈∆qI ≈tRR ≈ 
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 Rt אאThermal Resistance K/W)Eא
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אא

אאKאאאKא
אאאאאאא

אאאK 
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אאאאאאConduction Heat Transfer Through Composite 
Wall 
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F٢ J٤E 
5cm25mmאא

אאאא،אאא60C0אא20C0
אאאאW/mK45אאא

W/mK)(0.06אאאאK 
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F٢ J٥E 
 40cm12cm3mm

אא2.5mmאאאאא 20C0
1-אC0אאא0.8w/mk50w/mkאאאא

אאFאאאאEK 
א 

אA=0.4x0.12=0.48m2אא
אאאאW 
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אאאאאאHeat Transfer Through Hollow PipesW 
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Kאאאא
אKאאאאאאFE

אאאאא
אאאאW 
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 KאאאאK 
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F٢ J٦E 
אא10cmאא7cm20m

א200אw/mkKאאאאא43C0א29C0Kא
אאאFאאאEאK 

א 
אאri=Di/2=7/2=3.5cmאr0=D0/2=10/2=5cmK 
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אאאאאאאConduction Heat Transfer Through 
Composite Cylinders: 

 אאאאא
אאאKאאא

אאאאאאW 
 
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אאאאאW 
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אאא אאאאא אאאאא 
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 
F٢ J٧E 

Stainless Steel אא10cm2.5cm
א65אw/mkא5cmאא0.1w/mkKא

אאאא39C0א30C0Kאאאאא
K 

א 
אWr1 = D1/2 = 10/2 = 5cmKr2r1

אr2 = 5+2.5=7.5cmKr3=7.5+5 =12.5cmK 
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٢K אאאConvection Heat TransferW 
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אאא،אאאאא
אאאאKאא

K 
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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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אא

אאאאאאKאF٢ J٥Eאאאא
אאאאאאאFTsE

אאFT∞EאאאאKאאא
אW 

 
F٢ J٥EאאאK 

١K אאאאFree Convection Heat TransferW 
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K 

 
 

 



א ١٥٣ אא 
אאא אאאאא אאאאא 

 
  

- ٢٥ - 

٢K אאאאForced Convection Heat Transfer.W 
אאאKא

אאאא
אאאאאאK 

אאאאאאאאא
W 

( )∞−= ,fscc TTAhq 
W 

qcWאאאKw 
AWאאאאאKm2 
hcWאאאאאKW/m2kK 
TsWאאKC0 
TfWאאאא. C0 
אאאאאאאאK

אאאאK 
א hc (w/m2k)  

א ٢٥- ٥  

 ١٠٠-٢٠  

א٢٠٠-١٠  

١٠٠٠٠-٥٠  

 ١٠٠٠٠٠-٣٠٠  

١٠٠٠٠٠- ٥٠٠٠  

F٢ J٢EאאאאאK 



א ١٥٣ אא 
אאא אאאאא אאאאא 

 
  

- ٢٦ - 

W 
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Tq

c

c 1
∆

= 

אאאאאאאW 

Ah
R

c
c

1
= 

F٢ J٨E 
2m1mא29C0א79C0Kא

אאאאא120w/m2kKאאאא
אK 

אW 
אA=2*1=2m2K 

( )∞−= ,fscc TTAhq 
( ) wqc 120007929*2*120 −=−= 

אאאאאאK 
F٢ J٩E 

אאא10cm2.5mא30C0
א62C0אאאאאא4500wא

אאאאאK 
אWאאאאW 

2785.05.2*05.0*22 mrLA === ππ 
( )

km
whh cc 22.179

32*785.0
45003062*785.0*4500 ==⇒−= 

אאאאCombined Heat Transfer W 
אא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אK 

אאאאאאW 
אאאאאאא

אאאאW 
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אאאאאאאאאא

אW 
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אאאאKא
אאא

אאאאאאUKאאאא
אאאאW 
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אאאאאKא
Kאאאאאאאא 

 
٣K אאאRadiation Heat TransferW 

אאאאאK
אאאאאאאאאא



א ١٥٣ 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K 

אאאאא
אKאאאאאא
אKאאאאאא

אאאאKאאאאאא
אC=300000Km/sec 

אאאW 
λν=c 

 
cZאK 
  λ=אאK mA0אK 
  νZאKK 

אאאאאK
אאאאאKאF٢ J٧E

אאKאאאאאא0.1-100µm 
אא0.35-0.75אµmK 

 
F٢ J٧Eאא 

 
אאאא

W 



א ١٥٣ אא 
אאא אאאאא אאאאא 

 
  
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νhE = 

hZ6.625×10-34 J.sK 
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

5800K0mµ3Kאא
אא290K0אאאאK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 

 
 

אאBlack Body RadiationW 
אאאאאא

אאאאאא
אאKאאא
אאאאKKאא

אאאKאאא
אאאאאאא

אאאK 
אאRadiation PropertiesW 

אאאאאאא
אאאאאא τ Transmissivity

אAbsorptivity αאReflectivity ρKאא
אאאKאאאFאאאEאאא



א ١٥٣ אא 
אאא אאאאא אאאאא 

 
  

- ٣٣ - 

אאKאאאאאא
K 

אאאא
אאאאK 

1=++ ρτα 
אאאאW 

1=+ ρα 
אאρ1אא0.0

אא τ1Kאα1K 

אאאאאεאא
אאאאאאאאא

אאKאאאאא1אאK
אאאאאאאאא

אKאאאאKא
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W 
12111 =+ −− FF 

W 
121 =−F 

אאW 

122211 −− = FAFA 
W 
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אאKאאW 

R
Tqr

∆
= 

( ) ( )( )( )2
2

2
12121

4
2

2
1 TTTTTTATTAqr ++−=−= εσεσ 

( )( )2
2

2
121

21

1
TTTTA

TTqr

++

−
=

εσ

 

אאאW 
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אאאאrhFאאאאWE 
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121 TTTThr ++= εσ 

 
F٢ J١٢E 

אאא500Kא
א300kKאאאאא0.3אאאאאF

אאאאE؟ 
אW 
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 
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 
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F٢ J١٣E 
אאא30אcmX30cmא350Kא

א0.5 
אW 

א 
209.03.0*3.0 mA == 

4ATqr εσ= 
wXqr 43.191350*09.0*1067.5*5.0 48 == −  

 
F٢ J١٤E 

אא40C050cm2א180C0א
אאא0.3אאאאאK 

אW 
אאא 

KT 313273402 =+=  
KT 4532731801 =+=  
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4
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( ) wXXqr 41.03134531050*1067.5*3.0 4448 =−= −− 
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אאWאאא 
אאWאאאאאאאאאאK 

 
אאWאאאאאאאאאאKא

אאאאאאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٣K 
 

אאWאאאאאא
אאK 

 
אאWאאאאא

אאאKאאאאאאא
אאאאK 

 
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אW 
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

אאאאאאאא
K 

אאאאאאאW 
١K אאK 
٢K אאאאK 
٣K אאאאK 
٤K אאאאK 

אאאאאאאא
،אאאW 

١K אאאאאאParallel Flow Heat ExchangerK 
٢K אאאאאCounter Flow Heat ExchangerK 

אאאאאאאאCross Flow Heat 
Exchanger 

אאאא
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אאאאאKK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Kא
אאאאאKא

אKאאאK 



א ١٥٣ אא 
אאא אאאאא אאא 

 
 

- ٤٠ - 

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Kאאאא

אאאא
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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

אK 
אאאאאאאW 

١K אאK 
٢K אאאK 
٣K אאאאK 
٤K אאאאאK 
٥K אאאאאK 
٦K אאאאאK 
٧K 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K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אאאאאאא
K 



א ١٥٣ אא 
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 
אאאאPlate Heat ExchangerW 

אאאא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Kאא

אאאאK 
אאאאאאאאKא

אאאאאאK
אאאאאאאאאF5אpa.sKEאאא

א5000kg/hr-20000kg/hrKKאאאאא
אאאאאאאאK

אאאאאאאK 

 
F٣ J١EאK 

אאאW 
١ J אאאK 
٢ J אאאאK 



א ١٥٣ אא 
אאא אאאאא אאא 
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٣ J אאK 
٤ J 1C0אאאא

אK 
٥ J אאאK 

 
F٣ J٢EאK 

אאאאTubular Heat ExchangersW 
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אאאאKאאאK 

 

 
F٣ J٣Eאא 

 
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אאא אאאאא אאא 
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 
F٣ J٤EאאK 

 
F٣ J٥EאK 

 

 
F٣ J٦EאאK 
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אאא אאאאא אאא 
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 
F٣ J٧E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Kאאא

אאאאאאא
אאKאאאאאShell And Tube Heat 

Exchanger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אK 
 

אאאאא:Scraped-Surface Heat Exchanger 
אאאאאאאאאא

אאאאאאאKאאאא
Kאאאא

א150-500RpmKאאאאאא
אאאאאאאאאאא



א ١٥٣ אא 
אאא אאאאא אאא 
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- ٤٥ - 

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Steam-Infusion Exchanger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Kאאאא

אThTcאW 
Q = U A  (Th – Tc) 
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אKאאא،אאאW 

dq  =  mo
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٣K אאSpecific WeightW 

 א  γ א א   א  א   N/m3
אאאW 

gργ = 

gאאKאאא
א         א א  א   

    א א K א      א א 
אאK 

 



א ١٥٣ אאא 
אאא אאאאא אאא 

 
 
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٤K אאSpecific Volume )υ:( 
אm3/KgאK 

ρ
ν 1

=
∀

=
m

 

F٤ J١E 

אאאא0.75K 

wgS ρρ *.= 

37501000*75.0
m
kg

==ρ 

F٤ J٢E 
     א א  א א א א א40C0

8.3bar5.1Kg/m3K 
אאאאאK 

mRTPV = 

ν==
P

RT
m
V 

( )
kg
m

P
RT 3

0031.0
100000*3.8

27340*31.8
=

+
==ν 

F٤ J٣E 

אאא9810N/m3אא13.56אא
אאאK 

אW 
3/1000

81.9
9810 mkg

gw ===
γρ 

wgS ρρ *.= 



א ١٥٣ אאא 
אאא אאאאא אאא 

 
 
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3/135601000*56.13 mkg==ρ 
gργ = 

3/6.13302381.9*13560 mN==γ 
٥K אViscosityW 

א א  א   K  א 
 א      א 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אFPa .sE

 FPoiseFEP Eא א FCp E א  FCp=1 Eאא  
אKאא א א א אא 

אאאאאאK 

 
אF٤ J١EאאK 

FWאאאאאK 
YWאאאאK 
VWאאאK 

אא אאאאאא
אאאK 



א ١٥٣ אאא 
אאא אאאאא אאא 
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אAאVאY 

dy
dV

A
F µτ == 

µאאאKN*S/ m2K 
      א א  

νm2/sW 

ρ
µν = 

µאאρאKאא
אאאK 

 
F٤ J٤E 

א  25mmא אא
0.958N.s/m2  dv/dyא א אא   

0.37m2 א  0.3m/sא  א    א א  א
8.4mmKאאאK 

אW 
אאאW 

dy
dV

A
F µτ == 

3
1

1

1

104.8
3.0*958.0

37.0 −=⇒==
X

F
dy
dV

A
F

µτ 

NF
X

F 66.1221.34
104.8
3.0*958.0

37.0 13
1 =⇒== − 

אאW 

3
2

2

2

10)4.825(
3.0*958.0

37.0 −−
=⇒==

X
F

dy
dV

A
F

µτ 
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NF
X

F 4.631.17
10)4.825(

3.0*958.0
37.0 23
2 =⇒=

−
= − 

 
אF٤ J٢EאK 

F٤ J٥E 
1m225Nאא200א2m/sKא

 0.05N.s/m2אאאאאK 
אאאאאW 

dy
dV

A
W µ=20sin 

y
205.0

1
20sin25

= 

my 011.0
20sin25
2*05.0
== 

 
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 
אF٤ J٣Eא 

אאאאSurface TensionW 
אאאא

אKאאאאאאא
א א   Kא א א אא 

אאK 
dF surfa σπ=. 

 πאא3.14σאאN/mKאא
W 

d
P σ4
= 

אאאאאאא
א K   אא 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 א א Kא   א א  א  

10mmK 
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אאאאאW 

d
h

γ
ασ sin4

= 

 αאאאאאא
אσאאK 

F٤ J٦E 
 א    27C0 0.05mmאא  א אא

אאא565PaאאK 
אW 

d
P σ4
= 

mN
X

/0071.0
1005.0

4565 3 =⇒=
−

σσ 
 

F٤ J٧E 
אאאאא2.5mm א

אא0.0728N/mK 
אW 

אאαאאא9810N/m3W 

d
h

γ
ασ sin4

= 

m
X

h 012.0
9810*105.2

0sin0728.0*4
3 == − 

 
F٤ J٨E 

א0.0608N/mאא1mmא
א90אC09.467 KN/m3אאאK 

אW 
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אאא אאאאא אאא 
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d
h

γ
ασ sin4

= 

m
X

h 026.0
101*9467

0608.0*4
3 == − 

אאVapor PressureW 
אאאאאאא

Kאאאא
א        א א    א 

אCavitationsאK 
 

אאאאNewtonian and Non-Newtonian FluidW 
    א א   א אK  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   Polysaccharidesא אPurees

אאאאאאאאאאאK 
 

אאאאCompressible and Incompressible Fluids: 
א אאא  א א א א  

אאאאאאאK
אאאאאאK 

 
 
 



א ١٥٣ אאא 
אאא אאאאא אאא 

 
 
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 
 

אPressureW 
  א   א א   א א  K 

אאאKN/m2Paאbar  ،atm  ،torr.
אאW 

A
FP = 

א  אatmospheric pressureא א א    F 
אאאEאKאאא

א  Kא אא  א א  א   101kpa
760mm HgK א  gauge pressure א   א א א 

א   אא  אא  א   K א 
אאabsolute pressureאאאאאKא

FEvacuumאאאאאK 

 
אF٤ J٤EאאאK 

PatmWאאK 
PabsWאאאאK 



א ١٥٣ אאא 
אאא אאאאא אאא 

 
 

- ٦١ - 

PgWאאאK 
.atmabsg PPP −= 

אPatmPabsW 
.absatmv PPP −= 

F٤ J٩E 
    א   310mmHgא  א א100kpa

אאKpaK 
אW 

אmmHgkpaW 
kpammHg 3.101760 = 

א 

kpa
mmHg

kpammHgPv 32.41
760

3.101*310
== 

kpaPPP vabs 98.5932.413.101. =−=−= 

אאPressure Variation with ElevationW 
אאאאאאאא

 א  א א    א א א  
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אאאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٤K 
 

אאWאK 
אאW 

١K אאאאאאK 
٢K אאאאאאK

אאאאK 
٣K אאאאאא

אK 
٤K אאאאאאאאאאא

אאאK 



א ١٥٣ אא 
אאא אאאאא אא 

 
 

- ٦٧ - 

אW 
אאאאא

אאאאא
אא אאאKאאא

אKאStreamlines
אKאאאאא

אאKאא
K 

 
אF٥ J١EאK 

אאW 
١K א אUniform flowWא  Velocity  אאא

אאאStreamlineK 

0=
ds
dV 

٢K אאNon-uniformWא
אK 

0≠
ds
dV 



א ١٥٣ אא 
אאא אאאאא אא 

 
 

- ٦٨ - 

٣K א אSteady flowWא     א   
אאTimeKאא א

אאK 

0=
dt
dV 

0=
dt
dP 

٤K  א אUnsteady flowW אא א א 
אאאאK 

0≠
dt
dV 

0≠
dt
dP 
 

 
F٥ J٢EאאK 

٥K א אLaminar flowWא א   א 
אאא

אאאאאא
אאאאאK 

٦K אאאTurbulent FlowWאא אא
 אאא   K א אא

אאאאאKאאא
אאK 

א א   א א  אא  א   א  
א אאא אאא 



א ١٥٣ אא 
אאא אאאאא אא 

 
 

- ٦٩ - 

  Kאאא אא 
אאאאK 

Reynolds NumberW 
אאאInertial force
אViscous forceKReאW 

µ
ρVDRe = 

W 
µאאK 
ρאK 
 VאK 
DאK 

אאאאאאאאK 

 
אF٥ J٣EאאאFא،אאEK 

 
אאאאRe

 א א  א אא  Kא 
אRe = 2200אאאאאאא

אאאא Kאאא500000א
א אאאRe א  Kאא

א א  א א א     אא F٢٣٠٠-٢٠٠٠ E
אאK 



א ١٥٣ אא 
אאא אאאאא אא 
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אא:Rate of Flow  
א    א א  א       

אאאאאא Q
m3/sאאאMoKg/s K 

אW 
QM ρ=0 

VAQ = 
VAM ρ=0 

 
F٥ J١E 

    10cmא 1.5m/s א    א
1050kg/m3 ؟אאאאאא 

אW 
אW 

222 00785.01.0*
44

mDA ===
ππ 

VAQ = 

smQ /0118.000785.0*5.1 3== 

skgVAM /36.1200785.0*5.1*10500 === ρ 

אSeparationW 
אאא

אאאאאא
אא  K     אא  

RoughKאא
אאאאא
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אאאRe٥٠אאא
אK 

 
אF٥ J٤EאK 

 
אCavitation W 

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K      א  
אאאאאא

אאK 
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 
אF٥ J٥EאK 

 
אאContinuity EquationW 

   א    א   א  
אאאאאאא

אK 

dt
dMMM inout =−∑∑ 00 

⎟
⎠
⎞

⎜
⎝
⎛ =⇒=

∆
∆

=
s

kg
s
mm

m
kgAV

t
xAM ** 2

3
0 ρρ 

W 
 VאK 

AאאאK 
ρאK 

 
 
 
 
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אאאאאאContinuity Equation For Steady 
One Dimensional Flow in Pipes: 

 
אאאאאאא

אאW 
0
2

0
1 MM = 

222111 VAVA ρρ = 
١٢٣אאאאא

אW 
0
3

0
2

0
1 MMM =+ 

333222111 VAVAVA ρρρ =+ 
אW 

321 ρρρ == 
אאאW 

21 QQ = 

F٥ J٢E 
     0.25Kg/sא    אא 6m/s 
א27C02.03bar؟ 
אW 

אאאאאאW 
mRTPV = 

( ) 344.82
)27327*314.8

101300*03.2
m
kg

RT
P

V
m

=
+

===ρ 

VAM ρ=0 

2410054.5
6*44.82

25.0*6*44.8225.0 mXAA −==⇒= 
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mXDXDA 025.04*10054.510054.5
4

4
42 ==⇒==

−
−

π
π 

 
F٥ J٣E 

150mm0.08m3/s50mm
א 100mmאאאא12m/sאאא

אאאF٥ J٦E؟ 

 
F٥ J٦E 

אW 
אאאאאאW 

2

4
DA π

= 

22
1 0177.015.0*

4
mA ==

π 

22
2 00196.005.0*

4
mA ==

π 

22
3 00785.01.0*

4
mA ==

π 

אאW 

0
3

0
2

0
1 MMM += 
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333222111 VAVAVA ρρρ += 

אW 

332211 VAVAVA += 
( )

s
mVV 195.7

00785.0
00196.0*1208.0*00785.012*00196.008.0 33 =

−
=⇒+= 

 
 

F٥ J٤E 
  א 1kg/m3 3kg/s  300mm  א א 

אאאא200אmmא
 אא 0.8kg/m3 אא אא א  א 

אF٥ J٧E؟ 
אW 

אאW 
2

4
DA π

= 

22
1 0707.03.0*

4
mA ==

π 

22
2 0314.02.0*

4
mA ==

π 

אאאאא 

11111
0
1 QAVM ρρ == 

s
mVXV 14.14

0707.0
10707.0*11 11 ==⇒= 

s
mQQ

3

11 1*11 =⇒= 
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אאW 

0
2

0
1 MM = 

222111 VAVA ρρ = 

s
mVV 81.39

0314.0*8.0
1*0314.0*8.01 22 ==⇒= 

אאאW 

22
0
2

0
1 QMM ρ== 

s
mQQ

3

22 25.1
8.0

1*8.01 ==⇒= 

 
F٥ J٧E 

Bernoulli’s EquationW 
א אא א

אאאKא
אאאאאא

אא Kאא
 א א  א  א אא   K א א 
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אW 
אאאW 

אP.EW 

mgzEP =. 

אK.EW 

2

2
1. mVEK = 

אF.EW 

ρ
mPEF =. 
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ρ
 

m.gאאאW 
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  m K 
g

P

1

1

ρ
א

g
V
2

2
1    אZ1

אאאאאאK 
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אאW 
١K אK 
٢K אK 
٣K אאK 
٤K אאאאK 

 
F٥ J٥E 

אאAB א0.4m3/sאDA=0.3mDB=0.6m
ZA=10mZB=15m  א  א A 7m     
אABאאאBK 

אW 
אאABW 

2

4
DA π

= 
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4
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B

A
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π

π

 

אאאאW 

0
2

0
1 MM = 

222111 VAVA ρρ = 

4.02211 === VAVAQ 

s
mVV 66.5

0707.0
4.0*0707.04.0 11 ==⇒= 

s
mVV 42.1
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4.0*2826.04.0 22 ==⇒= 

אW 
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51.31.1563.181.1563.18
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 

 
 

F٥ J٦E 
א 0.75m20.2m2Kאאא

6kg/s    א א  אא א א3.2kg/m3 אא א
א؟ 
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אW 
12 2gzV = 

אאאW 
122 2gzAQ = 

אאאאאאאא
אW 

122 2gzAQ φ= 
ΦאאΦ0.97 – 0.6K 

 
F٥ J٨E 
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F٥ J٧E 
אאאא0.8אmא

4cm20.001אm3/sא؟ 
564.0

00177.0
001.08.0*81.9*2

10000
4001.0 ==⇒= φφ 

אאאW 
א  א א א א

א א  א א   א א  א  
אאW 

2

2
2

2

2
1

2
1

1

1

22
z

g
V

g
P

z
g

V
g

P
++=++

ρρ
 

21

2

2
2

2
1

1

1

2
0

zz

z
g

V
g

P
z

g
P atm

=

++=++
ρρ 

g
V

g
P

g
P atm

2

2
2

21

1 =−
ρρ

 

W 

( )
ρρ
PPP

V atm ∆
=

−
=

22 1
2 

אFאWE 
אאאאאאאא

אK 
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22 ρρ
 

hT אhPאhLאאאK 
אPowerאW 

pgQhP ρ= 
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אאW 

TgQhP ρ= 

F٥ J٨E 
0.3mאS.g=0.811א24.4m/sא

א א  A B 3.63bar 2.9barאא א 
אAB 33.5m30.5mאאאK 

אW 
אאאא

אK 
אאW 

( ) 391.795581.9*1000*811.0 m
Ng === ργ 

W 
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F٥ J٩E 
 א0.15m244m אא א 0.036m3/s 

אאאא1.86m30mא
א1אatm؟ 
אW 

 א  א       122mא   
אאW 

mhl 564.786.1*
30
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אאאDarcy EquationW 
אאאאאאא

אאאאW 
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١ 
4
3

 2
1

 4
1

 6
1
 5

1
 10

1
 20

1
 b

a 

56.91 57.89 62.19 72.93 78.81 82.34 84.68 89.91 fDh *Re

 

F٥ J١٢E 
  א  א   א 4X3cm 200m   

א0.014Ns/m2א0.90.8m/s؟ 
אW 

אאW 

p
ADh

4
= 

( ) mDh 0343.0
03.004.02
03.0*04.0*4

=
+

= 

µ
ρ h

Dhe
VD

R =. 

1764
014.0

0343.0*8.0*1000*9.0
. ==DheR 
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אa=3b=4b
a4

3W 

89.57*Re =fDh 

0328.0
1764

89.5789.57*1764 ==⇒= ff 

kpav
D
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2

22

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=∆ ρ 

אאאאTurbulent Flow in pipesW 
אאאאW 

١K W 

א2200Re100 ≤≤אאW 

25.0Re
316.0

=f 

٢K     א 340000Re2200 ≤≤ א 
אW 

( )8.0Re21
10 −= fLog

f
 

 
٣K אאאאאא

אW 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+−=

fD
KLog
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7.182274.11

10 

   K א אא  א א  א א   א  

אK 
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א אK(mm)
 5 

 1.65 

 0.26 

 0.15 

 0.045 

 0.0015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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F٥ J١٣E 
א א    א   100mm200m   

0.05Kg/m.s א0.9 3m/sאאא؟ 
אW 

22005400
05.0

1.0*3*1000*9.0
〉===

µ
ρVDRe 

אאאאאאאW 
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KאW 

mmK 5=אאאא
אאאאאאא

K 
אאאא f 

3.64 3.162 0.1 
3.633.530.08 
3.6373.6510.075 
3.6343.6320.0755 

א0.0758K 

kpav
D
fLP 98.613

2
3*1000*9.0*

1.0
200*0758.0
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א   א  א  אאLosses in Pressure due to changes in the flow: 

Pattern 
١K אאאאאLosses in a Pipe Inlet and OutletW 

אאא
אאאאW 

g
VKhL 2

2

= 

KF0.1 Eא אאא
אא0.5 

 
٢EאאאאLosses Through an ElbowW 

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KאK 

אא 
D
Le 

Globe Valve 340 

Gate Valve 13 

Check Valve 142 
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אאאNon-Newtonian Fluid FlowW 
אאאאאא

אאHook’s LawW 
γτ E= 

 E א γ  א τ     א א 
אאYield StressKאאאא

 אאא אאאאאאא
אאאK 

אאאאאPower LawW 
nKγτ = 

K:אאאאאאK 
n אאאאאאK 

אאאW 

١K אBingham Plastic FluidsW 
אאאאא

אאW 

ydy
duK ττ +−= 
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אאא אאאאא אא 
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٢K אאPseudo Plastic FluidsW 
  אאאא א 

אnאאאאאאK 
٣K אDilatent Fluids W 

אאאnאא
אאאאK 

٤K אMixed FluidsW 

אאאW 
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duK ττ +⎟⎟
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אאאאW 
n < 1         0.0 =τ y  אאאK 

n > 1          0.0 =τ y אאאK 

 אאאאאאאא
אאאK 

 
אF٥ J١٠EאאK 
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אאא אאאאא אא 
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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א
א  אא   אא 

א K   א  א        
 א אא0=

dr
dV

 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אK 
אאאאאאW 
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 

n=1אאאn<1 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אאK
א Generalized Reynolds Number ReGאאW 
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אאWאאאאאאאא

אאאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٤K 
 

אאWאK 
אאW 

١K אאאאאא
אאא 

٢K אאאאאאאאא
אאאK 

٣K אאאאאאאאא
אאאK 



א ١٥٣ אא 
אאא אאאאא א 

 
 

- ١٠٦ - 

אW 
אא      א  א 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אאאאאא
אאKאאW 

١K אאPositive Displacement Pumps 
אא

אאאKאא
אאאאאKאא

אאאKאא
אאאאאא

אאKאאאאאאאאK 
אאאאאW 

• אאReciprocating Pumps אאאK 
אאאאW 

NQ ∀= 

AL=∀ 

  V=A.L א  N   אא א 
FrpsKEAאLא

אאW 
pgQHP ρ= 

אFSlipEאW 
.. actths QQQ −= 

אW 



א ١٥٣ אא 
אאא אאאאא א 

 
 
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act

Q
Q

=η 

Qac אאQthאאK 
 

F٦ J١E 
  א     א 100mm  200mm

N=120rpmא45mאאאא
אא؟ 

אW 
אW2322 1085.71.0*

44
mXDA −===

ππ 
אW33 00157.02.0*1085.7 mXAL ===∀ − 

אאWsmNQ /00314.0
60

120*00157.0 3==∀= 

W
HpP

wgQHP p

86.1
746

2.1386

2.138645*00314.0*81.9*1000

==

=== ρ
 

 
F٦ J٢E 

א0.193m20.304m2.192m
א10m אא60rpmאא0.0546m3/s

אאאK 
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א ١٥٣ אא 
אאא אאאאא א 
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אW( ) wgQHP p 4.653010192.2*0546.0*81.9*1000 =+== ρ 
 
• אאאRotary PumpsאאאK 
• אאAxial Flow PumpW 

 
אF٦ J١EK 

 

 
אF٦ J٢EK 

٢K א א אCentrifugal PumpsKא א א  א 
א   א K א  א א  א א א א

א Kא א  א  א  א 



א ١٥٣ אא 
אאא אאאאא א 
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 אFא א Eא א אא K
אאאאאאאאא

K 
   א א א  Kא א  א 

אK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 K

אא  א אא א  א
א  אא 

אK 
אאאאאאא

אאאKאאאא
אSuspensionsאאאK

   א  א  Kא  Fא א  E
אא א א אא אא

אאאK 

 
F٦ J٣EK 

אאאאא
אאא א א K א



א ١٥٣ אא 
אאא אאאאא א 
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אאאאאKאאא
אאאNPSH) Net Positive Suction HeadEאW 
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V אP א א Pvא  K א
אLאhLאW 
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  δ  א   א א       
δcKאאW 

p
c H

NPSH .min=δ 

אאאאאK 

100  50  45  40  30  25  20  15  T(C0)  

101.3  12.81  9.58  7.36  4.21  3.16  2.73  1.71  Pv(Pa)  

958  988  990  992  996  997  998  999  ρ (Kg/m3) 

 
F٦ J٤EאK 

 
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F٦ J٣E 
   א10m א    40C0  אאא

א2mאNPSHmin3.2mאא4.8m
א؟ 

אW 
אאW32.0

10
2.3.min ===

p
c H

NPSH
δ 

א40C0אא7.36אkpaK
אאאW 

γγ
v

Ls
atm P

hz
P

NPSH −−−= 

992*81.9
1000*36.728.4

9810
1000*3.101

−−−=NPSH 

764.2756.028.4326.10 =−−−=NPSH 

אW2764.0
10
764.2

===
pH

NPSHδ 

אאcδδאא
אאW 

H
P

h
P

Z c
v

L
atm *.max δ

γγ
−−−= 

10*32.0
992*81.9
1000*36.72

9810
1000*3.101

.max −−−=Z 

mZ
Z

37.4
2.3756.02326.10

.max

.max

=
−−−= 

 

 

 
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٣K אJet PumpאאAir Lift PumpK 

 
אF٦ J٥EאK 

 
F٦ J٦EאK 

 
F٦ J٧EאאK 

 
F٦ J٨EאאאK 
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אאאא
אאSpecific SpeedΨW 

( )2
3

2

Hg

QN

∆
=ψ 

אW 
2

2

1
2

2

1

2

1
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

∆
∆

D
D

N
N

H
H 

5

2

1
3

2

1

2

1

.

.
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

D
D

N
N

EP
EP 

3

2

1

2

1

2

1
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

D
D

N
N

Q
Q 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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F٦ J٤E 
א0.3m900 rpm1.8m3/s15.2אm

א  א  א      א  18.3m
א؟ 

אW 
3

2

1

2

1

2

1
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

D
D

N
N

Q
Q 

6.483.0*900*23.0900
2
1 33

22

3

22

==⇒⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= DN

DN
 

3
2

2
6.48

D
N = 

2

2

1
2

2

1

2

1
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

∆
∆

D
D

N
N

H
H 

7.87767
2.15

3.0*900*3.183.0900
3.18
2.15 22

2
2

2
2

2

2

2

2

==⇒⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= DN

DN
 

2
2

2
22

2

2
2

26.2967.877677.87767
DD

N
D

N ==⇒= 

W 3
22

2
6.4826.296

DD
N == 

mD

DDD

41.0

164.0
26.269
6.4826.2696.48

2

2
2

3
22

=

==⇒= 

אW 

rpm
D

N 2.705
41.0

6.486.48
33

2
2 === 
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אא 
אאא 

 
١K אאא،Kא،א،

K 
٢K אאאאאאא،Kא،١٩٨٣ J١٩٨٤K 
٣K אא،Kאא،١٩٨٧K 
٤K א،K،א،١٩٩٥K 
٥K אא،Kאא،١٩٩٦K 

 
 
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 

1. Holman J.P.,1977 Heat Transfer , 8th edition,McGraw hill. 
2. Thomas, Lindon C.1993. Heat transfer. 
3. Shames ,Irving.H. Mechanics of Fluids. 
4. Streeter, Vector.L.E. Wyle Benjamin Fluid Mechanics. 
5. Bugler J. Fluid Mechanics for Technologists. 
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