
א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٢٦ -

אא 
אאא 

Convection Heat Transfer  
W 

אאאאאא
אKאאאאאK

אאא؟אאאאא
؟אא؟אאאאאאא  

אאאאאאאאאKא
אאאאאKא

אאאKאאאאT∞
אTwKאאא

،אאאאאא
אאאF٢ J١٣E

Kאאאאאאא
KKאאאאאאא

אאאאאאאאאKא
אאאאאאא

א؟אאאאאאאאא
אאאאאאאאאא

אKאאאאאאא
אאאאאfluid motion K 

 
 

           ♥١٩Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٢٧ -



uمائع

h

Tw

q

Τω

 
F٢١٣WEאאא

 
אאFאWENatural convection   

אאאאאאאא
אאאאא

אאאאא،אא
אאאאאאאאאא

אאKאאאאאאFאKE 
 

אאFאE :Forced convection 
אאאאאאK

א
אאאאKא

אאאא
אאK 

 

Newton Law of Cooling 
אאאW 

 

)()TT(Ahq w 102 −−×= ∞ 
 

hאאא (W/m2 C) Aאא
אא(m2)KאאאאאW 

 

           ♥٢٠Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٢٨ -

⎟
⎠
⎞

⎜
⎝
⎛

×

−
= ∞

Ah

TTq w

1
 

⎟
⎠
⎞

⎜
⎝
⎛

× Ah
1אRאאKאW 

 

R
TTq w ∞−

= 
 

F٢ J١٤EאאאK 

 
F٢١٤Eא

 
אF٢ J٣EאאאאK 

 
אאא h (W/m2 C) 

FאE 5-25 

FאE 10-500 

FE 100-15000 

 2500-25000 

 5000-100000 

אF٢٢Eאאאאh 
 

           ♥٢١Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٢٩ -

F٢٧WE 
אאאא1000 W/m2אא120 oC

אאאא 20 oC ،אאאאK 
אW 

אא 
)( ∞−×= TTAhq w 

 
)TT(hA

q
w ∞−×= 

 

)20120(1000 −×= h 
 

Cm
Wh

°
==∴ 210

100
1000 

 

אאאאאאW 
אאאF٢ J١٥E∆xאאאk

אאאאאhiאאhoAKאאא
אאאאאאאאאא

אאאW 
 

)I(
R

TT
q

حملداخلي

i 1−
= 

 
)(21 II

R
TTq

توصيل

−
= 

 
)(2 III

R
TT

q
حملخارجي

o−
= 

 

           ♥٢٢Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٠ -

 
F٢١٥Eאאאאא 

אאאאאאאאאאא
אאאW 

)(
RRR

)TT(
q

oi convcondconv

oi 112 −
++

−
= 

 
אאא

Ah
R

i
convi ×

=
1 

 
אאא

Ak
xRcond ×

∆
= 

 
אא

Ah
R

o
convo ×

=
1 

אאאאאאאאאאא
אאאאאאאאא(2-11)אK 

אאאאF٢ J١٦E
אאאאאאאW 

oi convcondconv

oi

RRR
)TT(

q
++

−
=

∑
 

           ♥٢٣Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣١ -

 

 
 دار مكون من عدة طبقات مع حمل داخلي وآخر خارجيج) ١٦- ٢(شكل

 
F٢٨WE 

אא 10 mmא90 oC Kאאאאא
אאאאאאאא15א oC Kא

אאא50א W/m oCאאא2800 W/m2 oCאאא
אא11 W/m2 oCK 

אW 
אF٢١٧EאאאאאאF٢٨KE 

 

אאאW 

W
C.

Ah
R

i
convi

o
0003570

12800
11

=
×

=
×

= 
 

אאאW 
 

W
C..

Ak
xRcond

o
00020

150
010

=
×

=
×
∆

= 

           ♥٢٤Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٢ -

 

 
F٢١٧EאאF٢٨E 

 

 
אא 

09090
111

11 .
Ah

R
o

convo
=

×
=

×
= 

א 
0.000357 + 0.0002 + 0.0909 = 0.0915 

אאא 

2820
09150

1590
m
W

.RRR
)TT(

q
oi convcondconv

oi ≈
−

=
++

−
= 

 
אאאאOverall heat transfer coefficientW 

،אאאאF٢ J١٨EאW 
)122()( −−××= oi TTAUq 

UאאאאKא(2-10) W 
 

)(
)

UA
(

)TT(q oi 1321 −
−

= 

           ♥٢٥Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٣ -

 

 

 
F٢١٨Eאאאא 

 

א(2-13) (2-11)אאW 

oi convcondconv RRR
UA

++=
1 

W 

AhkA
x

AhUA oi

111
+

∆
+= 

 
)142(111

−+
∆

+=
oi hk

x
hU

 

 
(2-14)א אאאאאאאא

אאאhihoK 
אאאאאאFE

אF٢ J١٩EW 
 

)(
hk

x
k
x

hU oi

152111

2

2

1

1 −+
∆

+
∆

+= 

 

           ♥٢٦Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٤ -

 

 
F٢١٩Eאאאאאא 

 

אאאאאW 
 

)162(111
−+

∆
+= ∑

oi hk
x

hU
 

∑
∆
k
x

 אאאhihoאאא

אאאK 
 

F٢٩WE 
אאF٢ J٢٠EאW 

١K אאאאU 
٢K אאאK 
٣K אאT3 

אאאא150אmmאא50אmmK 
 

           ♥٢٧Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٥ -

 

 
F٢٢٠EF٢٩E 

אW 
• אאאאUא(2-15)W 
 

oi hk
x

k
x

hU
111

2

2

1

1 +
∆

+
∆

+= 

 

 
 

Cm
W.U o2

7361= 

• אאאq
א(2-12)W 

 
 

 
 

• אאT3W،אאאאאW 
 

( )
02080

10

805140
1

10
1

10 333

.
T

..

T

Ah

T
q

o

+
=

××

+
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×

−−
= 

 
C.T o783 −=∴ 

575890
40
1

140
050

61
150

10
11 .

.

.
.
.

U
=+++=

)TT(AUq oi−××=

W.)(()..(.q 49662102080517361 =−−×××=

           ♥٢٨Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٦ -

אאאאU אאW 
אF٢٢١EאL אאriאro

אאאאאkKאאאאאTi
אאאhi אאאאTo אאא
אhoKאאאאאאW 

 

 
F٢٢١Eאאאאאא 

 

אאאFאE
ii

convi Ah
R 1

= 

 

אאFE
kl

ln
R i

o
r
r

cyl π2
= 

 
אאFE

o
convo Ah

R
0

1
= 

אאאאW 
 

)(

Ahkl
ln

Ah

TT
R
TTq

oo

r
r

ii

oioi

i

o
172

1
2

1
−

++

−
=

−
=

∑
π

  

           ♥٢٩Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٧ -

AiAoאאאאאאKא
אאאאאאא (Ui) אאאאW 

 

 
 
 

א(2-18)(2-17)אאאאא
אאאאאKW 

 

oo

ir
r

i

ii hA
A

kL
lnA

hU
i

o

++=
π2

11 
 

אאאאאאא (Uo)אא
אאאW 

)()TT(AUq oioo 192 −−= 
 

אאאאאאW 

o

r
r

o

ii

o

o hkL
lnA

hA
A

U
i

o 1
2

1
++=

π
 

 
 
 
 
 
 
 

F٢١٠WE 
א320 oCאא(k=80w/m C)אא5 cm 

א5.5 cmאאא5 oCKא
א3אcm אאא،k=0.05W/m CKאא

אאאא60אW/m2C18W/m2C،אאא
אאאאKאאאאאK 

 

)()TT(AUq oiii 182 −−=

           ♥٣٠Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٨ -

 
F٢٢٢EאF٢١٠E 

אW 
אאאאאאאא

אאאאאאאאF٢ J٢٢KE 
אאאאאW 

215701025022 m..lrA ii =××== ππ 
 

2361010575022 m..lrA oo =××== ππ 
אW 

W
C

hA
R

ii
convi

°
=

×
== 106.0

60157.0
11 

 

W
C.

))((
.

.ln

lk
ln

R r
r

cyl
°

=== 00020
1802

52
752

2 1

1

2

ππ
 

W
C.

))(.(
ln

lk
ln

R .
.

r
r

insulation
°

=== 352
105022

752
755

2

2

3

ππ
 

W
C.

.Ah
R

oo
convo

°
=

×
== 1540

361018
11 

א 
0.106 + 0.0002 + 2.35 + 0.154 = 2.61 oC/W 

אאא 

m
W.

.R
TTq oi 7120

612
5320

=
−

=
−

=
∑

 

           ♥٣١Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٣٩ -

אאאאW 

10620
320

000201060
320 22

...
T

RR
TTq

cylconvi

i =
+

−
=

+
−

= 

 
 

 
אאאThermal Insulation   

אאאאאאK
אאאאאאאא

אKאאאאאאאאאK
אאאאא

אאאאKא١٩٩١א
אאאא٦٠אאאא

אאאאאאK 
אאאאאאא

אאאאאאאאא
אKא،אאF٢ J٢٣Eאאא،א
אאאKאאאאK 

 

 
F٢٢٣Eאאאאאאא 

 

אאאאאאא cork א
אאfiberglassאK 

 

  عازل

C...T
.

T. °=×−=⇒
−

= 18307106207120320
10620

3207120 2
2

           ♥٣٢Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٠ -

אאInsulation Critical Thickness 
 

אאאאאאא
אאאאאאאKאא

אאאKאאאא(A)א
אאאאאאאK 

אאאאאאאאא
אאאאא

אאKאאאאאW 
א،F٢٢٣E،r1אאT1

אkאאroKאאא
אאToאאhKאאאאq

אאאאW 
 

)lr(hkl
ln

TT
q

oo

r
r

o
o

ππ 2
1

2
1

1

+

−
= 

 
אq roKא

אroאאW 
 

)(
h
kr
o

o 202 −= 

 

           ♥٣٣Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤١ -

 
F٢٢٣Eא 

roאא(2-20)אאא rcrK 
אאאא kאאא

אhoKאאא
אא rcrKאאאאא

אK 
אאאאאWאאאא

؟אאאאא
אאא؟אאא 

אאאא
0.05 W/moCאאא

5 W/m2 oCKאאW 

cmm.
Cm

W
Cm

W.

h
kr

min

max
max,cr 1010

5

050

2

==

°

°
≈= 

אאF(1mmא
hאאאאאאא

אאאK 

           ♥٣٤Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٢ -

אאא
אאאא

אאאאאאאK 
 

F٢١١WE 
 

(k=0.15 W/m C)אא3 mm7 mm
5mא30 oCאאא12 W/m2 oCKאא

אאא10אA אאא8 Volts،
אאאאאאKאאא

אאאK 
 

 
F٢٢٤EאF٢١١E 

 
 
 
 

           ♥٣٥Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٣ -

אW 
١K אאאאאאאא

אא(resistance heating) W 
W80A10volts8IVq =×=×= 

 

אאF٢ J٢٤EאאאK 
 

אא 

W
C76.0

50035.0212
1

)lr2(h
1R

o
convo

°=
×××

=
×

=
ππ

 
 

אFE 
 

W
C18.0

)5)(15.0(2
ln

kl2
ln

R 5.1
5.3

r
r

عازل
1

o

°===
ππ

 

אאא 

∑
−

=
R
TT

q o1 
C105)18.076.0(8030RqTT o1 °=+×+=×+=∴ ∑ 

٢K אאאאא 
 

mm5.12m0125.0
12
15.0

h
kro ====∴ 

 

W
C2122.0

50125.0212
1

)lr2(h
1R

o
convo

°=
×××

=
×

=
ππ

 

 

W
C45.0

)5)(15.0(2
ln

kl2
ln

R 5.1
5,12

r
r

عازل
1

o

°===
ππ

 

 
CRqTT o °≈×+=×+=∴ ∑ 836623.080301 

 
 
 

אאא 

           ♥٣٦Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٤ -

אאאאאאאאא
אאאאא

אאKאאאאא
אאאאאא

אאKאא
אאKאאאא

אאאhKאאאא
אאאאאאא

אאאKאאא
אK 

אאאאK
אאאאאא

אאאאאאא
אאאאאא

אאאאאאאאא
אאאK 

אאאאא  

non-dimensional אK אReynolds 

NumberNusselt NumberאPrandtl numberKא
אאאhK  

אW 


µ
ρ luRel

××
= 

 

א
k

c
Pr p×

=
µ 

אRel < 5×105אKאאאא
אאאW 

3
15.0

ll PrRe664.0Nu ××= 

           ♥٣٧Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٥ -

 


k

lhNu ×
= 

 
)212(PrRe664.0)/( 3

15.0 −×××= llkh           
 

אRel > 5×105 
אאKאא

W 
3

18.0
ll PrRe036.0Nu ××= 

 

אאאאW 
 

)222(PrRe036.0)/( 3
18.0 −×××= llkh 

 
אאאW 

µ
ρ DV

D
××

=Re 

אReD <2300 
א،K 
 

NuD = 4.364 
 

אאאאW 
 

)232()/(3644 −×⋅= lkh                               
אReD>2300 

אאKאאא
אאW 

40800230 ..
DD PrRe.Nu ×= 

אאאאW 
 

)242(PrRe023.0)/( 4.08.0 −××= DDkh 

           ♥٣٨Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٦ -

 

אאאאאFא،،KKKKKKKE
אאאאאאאW 

 
 

אאאאאאאאא
אאאא

אאאאאאK 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F٢١٢WE 

( )∞−= TTAhq w

           ♥٣٩Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٧ -

אא15 oC،F٢ J٢٥E،1mא60 oC
3 m/secKאW 
• אאאh 
• אאאאאK 

אאאאW 
31371 m/kg.=ρ s/m/kg. 5108640 −×=µCm/W.k o02670=kg/Jcp 1000= 

 

 
F٢٢٥WEאאא

 

אW 
 

5
5 109473

108640
131371

×=
×

××
=

××
= − .

.

.luRl µ
ρ 

א 
325.0

0267.0
100010864,0Pr

5

=
××

=
×

=
−

k
c pµ 

 

5
l 105R ×<א،אאאW 

 

Cm
W.).().(.)/.(PrRe.)l/k(Nu o

..
ll 2

50550 6577325010947366401026706640 3
1

3
1

=×== 
 

אאאאאW 
 

WTTAhq w 56.344)1560()11(657.7)( =−×××=−××= ∞ 
 

           ♥٤٠Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٨ -

אאאאאWHeat Transfer from Finned Surfaces  
 אאאא

W 
 

)( ∞−×= TTAhq w 
 

אאאאאאhאא
אאAKאאא hא
אKאA

אאאאK،א
F٢ J٢٦EאK 
 

xx x

r

٢٢٦ FJEא 
 

אאאאאאאאאאא
،אאאאF٢ J٢٧EאאאK 

 

 
 

           ♥٤١Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٤٩ -

אאאאאW 
אאאאאאW 

 

)252()( −−= ∞TThAq FFη                
 

ηFאhאאאAאא
TFאאT∞אאאK 

 

 
אאאאאאW 

אF٢ J٢٨Eאאאאא،אאאאא
אאאאאאאאא

אK 
 

 
אאאאאW 

)262()( 1 −−= TThAq iii                           
אאאW 

 

)272()(
ln

2
21

1

2
−−= TT

r
r

Lkq π                         

           ♥٤٢Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٥٠ -

אאאאאW 
 

)282())(1(

)()(

2

22

−−+=

−+−=

∞

∞∞

TT
A
AhA

TThATThAq

F
o

F
oo

FoFoo

η

η
    

 

W 
)292()(2 −×−×= FFoo ntLrA π                          

 

( ) )302(222 −×−= FoFF nrrA π                               
א(2-26, 2-27, 2-28)W 

 

)312(1 −==− qR
hA

qTT i
ii

i                                
 

)322(
2

ln
1

2

21 −=
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

=− qRq
Lk

r
r

TT cπ
                      

)332(
)1(

1
2 −=

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

+
=− ∞ qRq

A
AhA

TT o

F
o

F
oo η

       

 

א(2-29, 2-30, 2-32)W 
)RRR(qTT oci ++=− ∞1 

 

אאאאW 
 

)342(
)(

−
++

−
= ∞

oci

i

RRR
TT

q                                   

W 

ii
i hA

R 1
= 

 

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

=
Lk

r
rln

Rc π2
1

2

 

           ♥٤٣Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٥١ -

 

)352(
)1(

1
−

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

+
=

F
o

F
oo

o

A
AhA

R
η

 

 
 

F٢ J٢٨Eאא10 cm3 mm
50 cm50אא3 mmא20 cmK

אאאא70 oCאא30 oCKא
אאאאאאא،אא

אאאKאאאאא15א W/m2oC3א 

W/m2oCא54א W/m2oCא85%K 
אW 

 JאאאW 
WאאאאW 

215705005022 m...LrA ii =××== ππ 
אאאW 

2117000305050053022 m.)..(.)tnL(rA FFoo =×−××=×−= ππ 
אW 

22222 25925020530102 m.)..(n)rr(A FFoFF =××−=×−= ππ
  

אאאW 
אאאW 

42460
151570

11 .
.hA

R
ii

i =
×

== 
 

0003440
50542

5
35

2
1

2

.
.

.ln

Lk
r
rln

Rc =
××

=

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

=
ππ

 

           ♥٤٤Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp



א ١٦٢ אא 
 אאאא אאא 

  
 

 - ٥٢ -

1650
850

1170
2592131170

1

1

1 .
.)

.

.(.)
A
A(hA

R
F

o

F
oo

o =
×+××

=

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

+
=

η
 

אאאW 
W.

...)RRR(
TTq

oci

i 867
1650000344042460

3070
=

++
−

=
++

−
= ∞ 

 
 JאאאW 

אאW 
21665050053022 m...LrA oo =×××== ππ 

0022
316650

11 .
.hA

R
oo

o =
×

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 

אאאW 
W.

...)RRR(
TTq

oci

i 4816
0022000344042460

3070
=

++
−

=
++

−
= ∞ 

 

אאאא311%K 
 

 JאאW 
 

C...RqTT o
o 2411650867302 =×+=+= ∞ 

           ♥٤٥Asst. Prof. Dr. Khalid Farhod First Year - Civil Engineering Department
Thermodynamics

Dr. Khalid Farhod
Stamp

Dr. Khalid Farhod
Stamp




