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אאWאא 
Introduction to Statics and Dynamics 

 
אאאאא

אאא 
אאאא

אKאאא
אאאאא

אאאKאאאא
אאאאא

אאאKאאאאא
K 

 
1 J1אForce Vectors 

אאאאא
אאK 

 
1 J1 J1אאאאWVectors and Scalars 

אאאאאא،
א (Scalar Quantities)אאאא
א(magnitude)אאאאאK 

א21170K 
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אא (Vector Quantities)אאאא 
א(magnitude) א(direction) אא

K 
א،א،א… 

120؟
אאאאאאא

120אאא
אאאKאאF120E

אFאאKE 
אאאאאאא

אאאאאאאאאא
K1א J1Aאאא20אאK 

 
 
 

W 
An אB 

 
  

אBאAnאW 
E  BאAא n > 0 

E   BאAאn < 0 
EB = 0אn = 0 

1J1FאE

B = n A                   (1-1)
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אאW 
ABR = A + Bאאא

אאאאאא
אKאאRאאאא

1א J2K 
 

 
 
 
 

אאאRאא
אאאאאאאא

1 J2Kאאאא
אאK 

2 J1א(a)אא(b) אא(c) (d) 
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1 J1 J2אאFאEWForce Resultant in Two 
Dimensions 

 JאאW 
אאFא1א J3E

אאאא
אאאאאאאאK 

1א J4אאאאא 

 
 
 

 
 
 

א1 J3FאאאאE 

אא

אא

1א J4אאSine LawאאCosine law 
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 JאW 
אאx yא

אx אאאאא
אאאאאx 

( FRx)אאyאאאy( FRy)
W 

 
 
 
 

א 

 
אאאאX 

W 
אאאאאF،אאאא،

אאE 
אאW 

אאZאLאsin θ = ab/ac 
אאZאLאcos θ = bc/ac 

אאZאLאtan θ = ab/bc 
  

c  b  

a  

θ  

ا
بل
مقا
ل

  

  المجاور

  الوتر

1)-(3                 FF F 2
Ry

2
RxR +=

1)-(4              
F
Ftan

Rx

Ry1

R

−=θ

FRx = Σ Fx 
                                                              ( 2-1) 

FRy = Σ Fy
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1 J1 J3אאWForce Resultant in Three Dimensions 
אאאאא

אאאאאאאאא x yz
אאא

אאאאאא
אW 

 
אאאאא 

 
אאאא 
 

W 
1 J1 

אאאF1F2Kאאאא
אא؟אא 

1)-(6        ,    ,   
F
FcosF

FcosF
Fcos

R

Rz1

Rz
R

Ry1

Ry
R

Rx1

Rx

−−− === θθθ

1)-(5                            F2
Rz

2
Ry

2
RxR FF F ++=
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אW 
WאאW 

אאאאאא 
אאאאאאאW 

אאאא 
 

 

F1= 100 N 

F2= 150 N 

15 

10 
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         N    6.212115cos1501002150100F 22

R =×××−+= 
אאאא 

                        
39.7639.0sin  

0.639  115sin  
212.6
150   sin

115 sin
6.212

sin
150

1- ==

==

=

θ

θ

θ

 

 
אאא 

                   o
R 57.4  15 39.7  15   =+=+== θφθ 

Wא 
                      

                     FRx = Σ Fx = 100 cos 15 + 150 sin 10 =  122.64 N 
 

                     FRy = Σ Fy  = 100 sin 15 + 150 cos 10 =  173.60  N 
 
 

 
FאאE 

 
1 J2 

אאF1F2Kאאא
1א kNאא 

o4.57
64.122
60.173tan

N   212.660.73164.122F
1-

R

22
R

==

=+=

θ
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E  אאF1F2אθ = 30؟ 

E  אF1F2 F2 ؟ 
 

אW 
Eא 

אאאא 
אא(b)  

א(c)W 

 
 

אאאאא 
 

N  446.7 
130sin 

1000 20sin F          
130sin 

1000
20sin 

F

N   652.7 
130sin 

1000  30sin  F         
130 sin

1000
30sin 

F

2
2

1
1

=×==

=×==

                       

 

F1 F2 
20 θ 
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EאdאF2F1
אא(e)אא 

אאe W 
 

              
N  342 

90sin 
1000 20sin F          

90sin 
1000

20sin 
F

N    939.6 
90sin 

1000  70sin  F         
90 sin

1000
70sin 

F

2
2

1
1

=×==

=×==

 

1 J3 
אאאאאא 

 
אW 

אאא 
 

FRx = Σ Fx = -50 cos 30 +75 cos 45 =  9.73   N 
 

FRy = Σ Fy = 50 sin 30 + 75 sin 45 – 50 =  28 .03 N 

 
 

o85.70
73.9
03.28tan

N   67.9203.2873.9

1-
R

22
RF

==

=+=

θ
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1 J2אWMoment of a Force 
אאאאאא

אאאאאFא1א J5KE 
אאאאאא

K 
 

 
 

אW 
אאא

אאאKאאאאא1 J6
אo אאאoK 

 

 

o 

d 

F א
אא 

Mo = F × d 

1א J5א 

Ө

F

o 

d1 

d2 

אFאo
א 

Mo= F sinӨ × d1 + F cosӨ × d2 

1 J6א 
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1 J4 
אאאo  

 
 
 
 
 
 
 
 
 
 
 

 
 

אL 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

m N  36.934.02002.06.5194.02.1730 =×−×+×=M
 

 

F1 Sin 60  
= 173.2N  F1  

F1 Cos 60  
= 100N  

F2 Sin 30  
= 200N  

F2 Cos 30  
= 519.6 N  

F2  

o 

0.4 m 

0.2 m 

60 ْ

30 ْ

F1 = 200 N 

F2 = 400 N 
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1 J5 
אא0אאאאאאא؟ 

 
0A = 0.1m 

0C = CB = 0.02m 
 
 
 
 

אW 
 
 
 
 
 
 
 
 
 
 
 
 

             
           Mo = 3 Sin 60C 0.1+5  C 0.02-10 Sin 60C 0.04 = 0.0134    N m 

 
1 J3אאאWEquilibrium of a Particle 

א– Jאאא
א Jאאא J

אאאKאאאאא
אאאאK 

אאאאאאאא
אאW 

10 N 

3 N 60 ْ30 ْ

A B 

C 

5 N 

o 

10Cos60 

10Sin60 
3Cos60 

3Sin60 

10N 

3N 

o  

60 ْ30 ْ

A B  

C 

5 N 

o 
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אΣאF אx ،y،zאאKא
אאאאאKא

Kאאאאאא 
 

אאאאאאאFאE
אאאFאEאאx،yK 

 
אאאאאW 

1K אאאאא
(Free Body Diagram)אאאא

אאאאאK 
2K אאאא

אאאK 
אאאאW 

ΣFx = 0 
 

   ΣFy = 0                  (1-7)  
 

ΣFz = 0 
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• אאאאK
אאאAB BC א1 J7אא

אBK 
 
 
 
 

    
• אאאא

אאאאאא
אאאאאאאאא

אK 
• אאאאא(Linear Springs) אאs 

אאאאאkא 
 

 
אאא1 J8k = 500 N/mאא

אא0.2 mF= 500 * 0.2 = 100 NאK 
 
 
 
 
 

א1 J8  
אאאאאK 

 

F = k s                          (1-8)   

k= 500 
N/m

 

F 

0.
2

A 

D 

B 

C

1א J7
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1 J6 
אP Q6 KN8 KNאאKאאT1T2 

אאא؟ 
 
 
 
 
 

 
 

Σ Fx = 0 
T1 cos 60 + T2 – Q  cos 30 = 0 

    
T1 cos 60 + T2 –8 cos 30 =0 

 
T1 cos 60 + T2 =  6.93              (1) 

 
Σ Fy = 0 

 
T1 sin 60 + Q sin 30 – P = 0 
T1 sin 60 + 8 sin 30 – 6 = 0 

 
T1 sin 60 = 2                             (2) 

א(2) 
T1 = 2/ sin 60 = 2.31 kN 

(1) 
2.31 cos 60 + T2 = 6.93 

 
T2 = 6.93 - 2.31 cos 60  

 
T2 = 5.78 kN 

 

P 

Q 

T1 

T2 30 60 
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1 J7 
אאאAB ADאא10 kg 

 
 

 
 
 
 
 
 
 

Wאא 
 
 
 
 
 
 
 

 
 

Σ Fy = 0 
 

TAC = 98 N 
 

אאאA 

A D 

B 

C 

10 kg 

6

T

W= 10 x 9.8 
=98 N 
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Σ Fx = 0 
TAB  cos 60 – TAD = 0   (1) 

 
Σ Fy = 0 

TAB sin 60 – 98 = 0    (2) 
אא(2) 

TAB = 98/ sin 60 = 113.2 N 
 

(1) 
TAD = 113.2 cos 60 = 56.6 N 

 
 
1 J4אאאWIntroduction to Dynamics and Laws of 

Motion 
1 J4 J1אW 

אאאאאאאא
אאאאK 

א(Position)אאאאvא
1 J9KאאPאss

אKאs אאo
אsאאoK 

6

TAC = 

T

T A
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אא( Displacement )אאKא1 J9
∆sאאאאPאאP’Kא

אP’ אPאאאאאK 
אאאאאאא

K 
אאאאאאאאא

mK 
א( Velocity )אא1 J9אא

אאאPאP’∆tאא
אאא 

 
 
 

 
א∆tאא∆sאאא

אאאאאW 
 
 

אאאאK 
 

o
P P’

s ∆s

9 J1 א

v

vavg = ∆s/∆t          (9-1) 

             v = ds/dt               (10-1) 
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אאאא
אKאאאאאא

אאm/sK 
 

א( Acceleration )אאא
אPP’א1 J10אאאא

 
 

       
∆vאא∆tK 

 
 
 
 
 
אאאאא∆tאא

אaW 
              

         
אאאאאFא

א10-1-112E 

אאאאא
אאאאK 

אאאאא
אאאK 

1)-(13                    
 td

sda 2

2

=

o 
P P’

v+∆v

10 J1 א

v

aavg = ∆v / ∆t                    (11-1) 

a = dv / dt                            (12-1) 
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אאאאאא
אאאK 

 
אאאא

אא(10-1)א(12-1)dtא
אאאW 

 
      

 
 

W 
אאW 

  
1 J אאאאא a = dv / dt

אאאאv0אאt = 0 

 
אאאא 

 

 
2 J אאאv = ds / dtאאא

אאs0אאt = 0 

∫ ∫= v
 v

 t
0 0

dt a   dv

 ta  v v 0 =−

1)-(15          t        a  v v 0 +=

a ds = v dv                          (14-1) 
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v = v0 + atא 

אאא 

 
  

  
  
3–אאאא(15-1)tא

א(16-1)אאv dv = a dsאאאאאv0
אאאs0 

 

 
אאאא 

 

 
 

 

∫ ∫=s 
s 

 t
0 0

dt v  ds

∫ ∫ +=s 
s 

 t
0 0o

dt  t)a   v(  ds

) 0 - 
2
t ( a  0) - t (  v s - s

2

00 +=

1)-(16              ta 
2
1     t   v s    s 2

00 ++=

∫ ∫= v
 v

s 
s 0 0

ds a  dv v

)s - s ( a   
2

v- 
2

v
0

2
0

2

=

1)-(17                 )s - s ( a  2 vv 0
2
0

2 +=



א 116 אא 
 אא אא 

  
 

- 24 - 

אאא(15-1)(16-1)(17-1)א
אאאאאאא

9.81 m/s2אאאא
K 

אאW 
אאאFאaאvאsאtE

אאאאאא
 a= dv/dtv= ds/dta ds = v dvKאא

אאאאא
אאאאאאא

אאאKאאאאא
אאa ds = v dvאא

אv= ds/dt אa=dv/dtKאא
W 

1 J אאאa = f(t) 
• אאאאאאa = dv/dt 
dv = f(t) dtאאאFאאאEv = h(t) 

• אsאאאאאv= ds/ dt 
ds = g(t) dtאאאFאאאEs = g(t) 

2 J אאאa = f(v) 
• אאאאאאa = dv/dt 

dv = f(v) dtf(v) / dv = dtאאאFא
אאEv = h(t) 

• אאאאאאv = ds/dt 
ds = h(t) dtאאאFאאאEs = g(t) 

3 J אאאa = f(s) 
• אאאאאאa ds = v dv 
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f(s) ds = v dvאאאFאאאEv = 
h(s) 

 
• אאאאאאv = ds/dt 

ds / h(s)  = dtאאאFאאאEs = g(t) 
4 J א 

אאאאF15-1א 15-117-1 E 
אאאאK 
 

1 J8 
א s = 10 t + 6 t 2 – 2 t 3s אtאK

אאאאאאא
א؟ 

אW 
אאאאא

אא
 

v = ds/dt = 10 + 12 t – 6 t 2  = 0 
 
 

6t 2  –12 t –10 =0 
 

אאאt = 2.63 s 
 

א 
s = 10 * 2.63 + 6 (2.63)2 – 2 *(2.63)3 = 31.42 m 

 

0.64s-     63.2
62

106412 12 t
2

δs=
×

××+±
=
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אאאא
א 

 
a = dv/dt = 12 – 12 t = 12 – 12 * 2.63 = – 19.56 m/s2   

אאאא 
 

1 J9 
 אאאא18 m/sאאא

אאאK 
אW 

vo=18 m/s        v = 0    a= -9.81 m/s2   s0 = 0    s=?  t=? 
v = vo + a t     

t = (v- vo) / a  = (0 – 18) /-9.81 =  1.83 s 
אאאאאאאא 

ttot = 2 t = 3.67 s 
 

א 
v2 = vo 2 + 2 a (s- so) 

0 =182 -2 * 9.81 s 
s = 182 / ( 2 * 9.81) = 16.5    m 

1 J10 
0.5 m/s2א8 sא

25 mאKאאאאא
אK 
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אW 

 
 
 
 
 
 

v= v0 + a t = 0 + 0.5 * 8 = 4 m/s 
 

s1 = so + vo t +  (1/2) a t 2  = 0 + 0 +(1/2) * 0.5 * 82  = 16 m 
t 2 = (s– s1) /v = (25 – 16)/4 = 2.25 s 

 
t = t1 + t 2 = 8 + 2.25 = 10.25 s 

1 J4 J2אאאW 

אאאאאאא
אאאאאθאאאא

אאאK 
אאאאאאאω

אאאאאאα 
 
                                         

 
                                        

 
אאאאא

אאאא 
 

ω = dθ / dt                            (18-1) 

α = dω / dt                            (19-1) 

25 m

بدء t1بعد = 8
 0.5= حرآة بتسارع ثابت 

2
  حرآة بسرعة ثابتة

s1



א 116 אא 
 אא אא 

  
 

- 28 - 

 JאאאW 
אאאאא(18-1) 

אאאωW 

 
θoאאאאtאK 

אאvאא ω W 
                                      

          
 

 r אאאאאא
אאאאאאאK 

א(21-1) אאאאאא
K 

אאאאאא 

 
 JאאאW 

אאא(3-11)אאאαW 

ωoאאאאאtאK 

∫∫ =
t

0
dt d

0

ωθ
θ

θ

1)-(20          t        0 ωθθ +=

22)-(1                                 
r

v  r  a
2

2
n == ω

∫∫ =
t

0
dt  d

0

αω
ω

ω

1)-(23                      t        0 αωω +=

v = r ω                                   (21-1) 
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אאאאאאאאאω = 
dθ/ dtאאאW 

 

 
אאאאאאא21-1 22-1

אאאאK 
אאאאא

אW 

 
אאאאאאK 

 
1 J11 

א210 RPMאא4  s 560 RPM
אאאאאאאאא 

 
אW 

ωo  = (2 π / 60 ) × N1 = (2 π / 60 ) × 210 =  22       rad/s 
 

ω   = (2 π / 60 ) × N2 = (2 π / 60 ) × 560 =  58.65  rad/s 
 

ω = ωo + α t  
 

α = (ω – ωo ) / t = (58.65 – 22 ) / 4 =  9.16  rad/s2  
 
 

∫∫ +=
t

0
0 dt  t) (d

0

αωθ
θ

θ

1)-(24               t 
2
1 t 2

00 αωθθ ++=

1)-(25                            r a t α=
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θ = θo + ωo t + (1/2) α t2  

   = 0 + 22 *4 + (1/2) * 9.16 * 42  =  161.28 rad 
                                                         = 161.28/(2 π)  

                                                         = 25.67 rev 
 

1 J12 
אא40 m / sא350 mmא

אאאאאאאאאאא
85m/s20s 

אW 
ωo = vo / r = 40 / 0.35 = 114.3  rad/s 

 
ω = v / r = 85 / 0.35 = 242.8    rad/s 

 
α = (ω – ωo ) / t = (242.8-114.3)/20 = 6.43 rad/s2 

 
1 J4 J3אW 

אאאאאא
אאאאאא

Kinematics،אאא Jא JאForce،
אאאאאאאא

Classical mechanicsאא Dynamics،
אאK 

אאאאאאאא
אאא

אאאאאKאContact force
אAction-at-a-distance

K 
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אאאאequilibrium
אאאKאאאאא

Kאאא
אK 

אאאאאא
אאW 

אאWאאאאא
אאK 

 
אאWאאא

אאאאK 
אאWאאאK 

 
،אאאאא

אאאאKא
אaא

אKאאאאא
אאa = 0K 

 

 

 
mאaאK 

אא( kg m/s2)א
K 

 

1)-(27                           a m  F =∑

1)-(26                                0  F =∑
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א1 J11אאאאאאאאאK 
 
 
 
 
 
 
 
 
 

א1 J12אאאאאאK 
 
 

אאאאאא
אאאאאK 

 
 

אF12אאאאאאK 

F12 = - F21             (27-1) 

אא11 J1א

אא12 J1א
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א1 J13אא،אאא
אאאאK 

 
אאW 

אאאאאאTension 
 
 
 
 
 
 
 
 
 
 

TאNKא1 J14א
אK 

א13 J1א 

אא14 J1 א 
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אW 
אאWeightאNא

אgאmא،
אאאא،אאא

א 
 
 
 

אאאא 
1 J13 

 5 Kgא5 N אאאא
אאא( 5 s) 

 
אW 

                a= F/m= 5/5 =1 m/s2   
                s= vo t+½a t2 

                s = 0+½x1x25=12.5 m  
 

1 J14 
1500 Kg108 Km/hrאאא

א(5 s) 
אW 

vo = 108 × 5 /18 = 30 m/s  
v = vo + a t  
0 = 30 + 5 a  

a = –30/5 = – 6 m/s2        F = m a = 1500 × 6 = 9000 N 

W = m g                (29-1)   
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1 J15 
א2  Kg3 m/s2אאא

א1 Kgא4 Kg 
אW 

                         

                          F= ma = 2x3 = 6 N 

                         a= F/m  

                         a= 6/1= 6 m/s2 

                          a2= F/m2 

                          a2 = 6/4 =1.5 m/s2 
1 J16 

 J Jאא5 Nא
אא 

אW 

                        T =w = mg             m= w/g = 5 / 9.8= 0.5 Kg  
1 J17 

א5 N2 Kgאאאאא 
אW 

                         a = F m                        a= 5/2 = 2.5 m/s2 
1 J18 

אאא30 Kgא3 m/s2 

אW 

                       F=m a = 30x3=90 N  
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אא 
1 J אאאאא 

 
2 J אאאאאאאK 

 
3 J אאאאA BKאאא

FAFBאאFR = 10 kNאאxKθ = 

20K 
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4 J אאאאFAFB אK 
 

E  אאא
א؟ 

EאאאFA
FBאאא

א
؟א

אא؟א 


 
5 J אG KאA B Kא

אאBאאאA אθ = 30

אאאאGK 
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6 JאFT אאאאאאAK 
 
 
 
 
 
 
 
7 Jאאאא200 mmאmK
אאmאאKאk = 50 N/m 

 
 
 
 
 
 
   8 JאאאאFאא

א4 kg 
 
 
 
 
 
 

 
9 Jאא

0.6 m/s2 100 km/hrאא

F 

5 kN T 

8 kN 

45 30 

m 

400 mm  

150 mm  

F  

30 30  

4 kg 

60  
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2א m/s2א
אאא3א kmאאא

K 
 
10 Jאאא30

אא5אאEאEא
אK 

 
11 Jאא210 RPM 250 RPM5 s

אאאאאאאאאאK 
 
12–אאא2800 RPM4 

minKאאאאאK 
 
13–0.2 m2 m / sא

Kאאאאאאא
אא15 m 

 
14 Jאאא50 Kg1 kN

K 
 

 
15 J1000 kg100 m

20sאאאאK 
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16 J80 Kgאאא
E 2.5 m/s2 EאאK  

 

17 J 72 Kg 0.2 m/s2 
אאאK 

 
18 J50 Km/hrא80 mא

אאאK 
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אא 
אאאאא 
אאאא

אKאא
אאKאאאא

Kא
אאאאא

אאאאאKאאא
אאאKאא

אאאאK 



 

1 

  

אאאא  

אאאא  

א
א





 

2
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אאWאא 
אא 

אאאאW 
• אאאאK 
• אאאאאK 
• אאK 
• אאK 
• K 

 

אא 
6 
 

אא 
אאא 
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אאWאא 
Introduction to Fluid Mechanics 

 
W 

אאאאאאאאאא
FluidאאאאKאאא

אאאאאאאאאא
אאאאאא

K 
 
2 J1אWFDensityE 

אאאאאא
אאאKאא
אאאאKאאא

אאאאLאאאאאאאL
3KאאאK 

2א J1אאK 
 
אאW(Specific Volume) 

אאאאא
אאאLאא

אאא3LאK 
  

אאW(Relative Density) 
אאאאאא

אא 
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W 
 

2 J1אא 

א 
א 

FL3E
א 

א 
FL3E

 2700 
א

37.51060 

 8470  13600 
 8890  800 

 2200 


54 1000 

 3520 א 1.29 
 19300  0.179 
 917 1.25 

 7860 



א

1.98 

א 2660 0.0899 
 10500 1.43 

 550 


 806 

 
אאZאאLאאא 

ZאאLאא
אא 
אאאאאK 
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אאאאאW 
                       

 
 

m א kg 
Vא   m3 
P אאאN/m2 
RאאאR = 287 J / kg K 
TאאאK 

אρ(kg / m3 ) 
 

א 
P = ( m / V) R T 

 
ρ = m / V  

א 
 
 

2 J1W 
2 m6000 kg؟אא 

 
אW 

אאאאא 
V= 23 = 8 m3 

 
ρ = m/ V = 6000 / 8 = 750 kg/ m3 

2 J2W 
א0.9 kg؟אאאא 

P V = m R T                  (1-2) 

ρ = P / RT          (2-2) 
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אW 
אאאאאאא

א 
1 liter = 0.001 m3 

                              ρ = 0.9/0.001 = 900 kg/ m3 

sg = ρ / ρw = 900 / 1000 = 0.9 
2 J2אאאWPressure in Fluids 

אאאאאK
אאאאא

אאאאאאאK
אאאא،אא

אאאאאK
אאאאF2 J1E،א

אאאK 
 
 
 
 

 
 
 
 
 
 

WאאאK
אאKK

אאאאאאK 

2א J1אא 

h1  
h2  

h3  
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Wאאאא
אאאאאK 

אאאאאא
אאאאW 

 
 

W 
Pא 

Fאא 
Aאא 

2 J3 
א60 mmא2 kNאאא

אPa 
אW 

אPa  








m2

NאNא2m 

 

אאW 
אאאאאאאאא
FאאEאאאKאאKא

אאאאאאאאאאא
אK 

P = F / A             (3-2) 

Pa   10 07.7
102.83 

2000
A
F P

N  2000  1000 2  F

m   102.83 )
1000

60( 
4

d 
4

A

5
3-

23-22

×=
×

==

=×=

×===
ππ
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אאאאWאא
אאאאאאK 

אאאאאאKא
אא1615،אאא

אאאאK 
אא

אאKאאאאK 
אאא

אאאאאאאאאא
אאK 

אאא
אKאאאאא

אאאאאאאאא
K 

 
אאאW 

אρ kg/ m3אA   
m2 h  mאKאא

אאאאK 
 

אאאZA h[m3 ] 
 

אאאZA h ρ[kg] 
אאאWW 

 
W  =  A h ρ g 

אא[N] 
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אPאאאW 
 
 

א[N/m2 ] 
אאאאאאPatmא

אאאW 
 
 

אאאאא
אאאK 

 

2 J4W 

AB100 m120mאKאאאאא
א1023 kg/m3 ؟ 

אW 
PA = ρg hA 

 
PB = ρg hB 

 
PA - PB = ρg hA - ρg hB = ρg ( hA – hB ) 

  
                                          = 1023 x 9.81 x ( 120 – 100) 

 
                                          = 200.7 kN / m2 

אאW 
אאאאKאאא

K90Kא
אאאK 

 
 

P = ρ g h                 (4-2) 

P  = Patm + ρg h               (5-2) 
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אאF2 J2KEאא
Kאאא0.76אא

אאאאאא
KאאאK 

אABאBאאאA
אאאK 

אBאאאאאאא
אאKAאאhא

אאאKABא
אW 

אAאBWPA     =      PB 
 

א B אאPatmאאאאB 
 
 

hאאאρאgאK 
 

א 
P=0 

A
אא 

h B

2א J2אא 

Patm    = PB = ρg h          (6-2) 
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אאאאאאhKא
אhאאhאK

אאאאאא0.67K
אאא 

Patm  = 0.76 x 13595 x 9.81  = 1.013 x 105 N/m2 
 

אאאאW 
אאאLאאאאאW 

 
1 JL2Pa 

 
pascal = 1 Pa = 1 N/m2 

 
אאאF 1 atm E 

 
atm = 1.013 x 105  Pa 

 
2 JאBar105 N/m2אאא1.013K 

 
3 Jאmm HgTorrK 

אאאאאK 

אאא1אK 
אאW 

 
1 atm = 1.013 x 105 N/m2  = 1.013 bar = 0.76 x 103  Torr  = 0.76m Hg 

 
1 bar  = 105 N/m2 &  1Torr = 1.333 x 102 N/m2 = 1.333 x 10 -3 bar 
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אאאאאאW 
אאאאאא

אאאאאאא
אFאאאאא

אאKE 
אאאאא(Absolute Pressure)

 J Jאאאאא
،אאאאאאאאא

א(Gauge Pressure)K 
 
 
 
 
 
 
 
 
 
 
 

א2 J3אאאאאאאA
אאאאאBאא

אאK 
 

אאFאאE 

A  
 

א 

B  
 

אא
אא

אא
אא

אאZאאHאא 
Absolute Pressure = Atmospheric Pressure + Gauge Pressure 

2א J3אאאאאא 



א 116 אא 
 אא אא 

  
  

- 53 -  

2 J5W 
אא3.5 mא2 mKא

אאאאאKא1000 kg/m3  
920א kg/m3 K 

אW 
אאא 

Pa1= ρo g ho + ρw g hw + Patm 
  

     = 920 * 9.81 * (3.5 – 2) + 1000 * 9.81 * 2 +  1.013 x 105  

 

        = 1.344 x  105 N/m2 = 134.4 kPa  
 

אאא 
Pa2 = ρo g ho + Patm = 920 * 9.81 * (3.5 –2) + 1.013 x 105 

 
       = 1.151 x  105 N/m2 = 115.1 kPa 

 
אאא 

Pg1= Pa1- Patm = 1.344 x  105  – 1.013 x 105  
 

                            = 0.331 x  105 N/m2 = 33.1 kPa 
 

אאא 
Pg2= Pa2- Patm = 1.151 x  105  – 1.013 x 105  

 
                           = 0.138 x  105 N/m2 = 13.8  kPa 
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אאאW 
אאאUאא

F2 J4EאρFאE
אאאPK 

 
 

 
 
 
 
 
 
אאאאאאא

אאאאאאאKאא
אאאאאאאא

אאאK 
אאA , Bאאאאא

K 
W 

PB = PA = Patm + ρg h 
 

PatmאאhאאאאPB
אאאאP 

 
 

 
אρg hאאאאK 

 

P1 = Patm 

P2 > Patm 
 h

 A B

 2 J4אא

P = Patm + ρg h       (7-2) 
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אאאאא،אאא
אאKאאFPEאאW 

 
 

 
 

אW 
אאאF2 J5EאK

אא Jאא JאKא
אאאBאא

אאאh1K 
 

 
 
 
 
 
 
 
 

אאACא،אAאא
אאW 

אCZאA 
 

Patm   + ρ1 g h1 =    Patm + ρ2 g h2 
 

 2J5 

P = Patm 




  h2 

  C   A 

  h1 

B 

  D 

P = Patm – ρg h                  (8-2) 
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Patmאאρ1אρ2אKW 
 

ρ1 h1 = ρ2 h2 
אאאאאא

W 
 

 
 
2 J3אWViscosity 

 
אאW 

1 Jאאאא
אאאK 

2 Jאאא
אאאאאאאK 

3 Jאאאא
אאאאא

אאאK 
4 Jאאאאאא

אאא
אאK 

אאאא
אאאאאא

אאK 
 
אא( Ideal Fluid )א

אאאK 

ρ1 / ρ2 =h2 / h1                     (9-2) 
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אאאאא
אאאאאא،אא

אKאאאא
אKאאאאF

אEאאאא
אאאאא

אאאאאא
אK 

אאF2 J6E
אאאאKאאאv

אFKאאאא
אאאאאK 

 
 

 
 
 
 
 
 

אאא،א
אאאאZ

אK 
אאא

vאא 
אאא

אאא

F (v) 

 

 مائع

2J6א 
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אאFאא
אFאאW 

1 JאAאאא
א F  α A 

2 J אvאאאF  α v 
3 JאאאSאאאא

אאאאאאאא
F  α 1/s 

 
 
 

אηא 
 
 

אאאאאאא
אאאאאאkg/ m s 

 
אאאW 

אאאאאאאא
אאאאאא

אאאאאאאא
אאFא2א J7E 

F= η A v / s                (10-2) 

η        (11-2)ZF s/A v = F/ Av / s 
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2 J4אWBouynacy 

אא،אאאאא
אאאKאאאאא

אאאאKאאK 

W 
،אאא

אאאאK 

 

2 J6 

9 kgאאאאאא
אאK 

אW 

אאאאאאאא 

 

אאאZ0.5 * ρ * g * (4/3) π (d/2)3 

אZM g  

אא 

א 
אא

אא

2J7אאא 
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אאאאא 
0.5 * ρ * g * (4/3) π (d/2)3 = Mg  

 
d3  = 12 M / (π ρ) = 12 * 9 / ( π * 1000) = 0.0344 

 
d= 0.325 m  

 
2 J5אאWSurface Tension 

אאאאאאK
אאKאאאאאא

אK 
2 J2אאאאאא 

א אאFEאאdyn/cm
א 20 28.9 

א

א 20 22.3 

א 20 63.1 

א 20 465.0 

א 20 32.0 



א 20 25.0 

א 0 75.6 
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א 20 72.8 

א 60 66.2 

א 100 58.9 

א -193 15.7 

א -247 5.15 

א -269 0.12 

 
אאאאLא،אאאL

(dyn/cm)K 
אdyn/cm  N/m 1 N/m = 1000 dyn/cm،א2 J2

אאאאאאאK 
 
2 J6אאאאWFluids in Motion 

אאאאK
אKאא

KאאאאאאאKא
אFEFKE 

 
אאWאאא

אאאאאK 
אF2 J8EKא1אv1 

= 2 m / sאא1אK
אאאאאא

אאאאאF2 J8E2
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אv2 =1 m/sאאא
1 א m/sאאא

אאK 
 
 
 
 

 
 
 

אאW 
אאאאאאא

אאאאאא
אאאאא

אK 
אW 

אא– Jאאא
אאאאאאאאאא

אאאKא
אאאאא
אאאאאאא

אאאאאK 
 

v =1 m/s

1 2

v = 2 m/s

2J8 
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אW 
1 JאאאאאK 
2 Jאאאא

אאאא
אאK 

3 Jאאא
אאKאאאא

אאK 
 

אW 
אאאאאאא

אא(Volume Flow Rate)W 

 
AאאאvאK 

 
אא(Mass Flow Rate) 

 

 

 

 

 

2)-(13           
..

Qm ×= ρ

2)-(12                 
.

vAQ ×=
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2 J7 
20 mmא0.5 m/s؟אאאא، 

 
אW 

 
אאW 

א Jאאאאאא
אא Jאאא

אאאאאא
אאאK 

אאא
אאאאא 
אFאEאאאאZאFאEא

אאא 
A1 v1 ρ1 ∆t = A2 v2 ρ2 ∆t 

 
ρא،A،אאאvא 

אאאאא
אW 

 
 
 

אאאאאK 

s
kg    0.157101.1571000

s
m    101.1575.002.04

6
..

3
62

.

=××=×=

×=×=×=

−

−

Qm

vAQ

ρ

π

A1 v1 = A2 v2 = constant             (14-2) 
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2 J8 
אאKאא0. 5 

mא0.2 mאאאs/m 3.0 3א
אK 

 
 
 

אW 

 
 

W 
אאאאא

אא
אאאאK 

 

 
 
 

2)-(15constant  h  g m  m 
2
1  P v 2 =++

s
m

A
vA Q

vQ         53.1
)

4
(

3.0    
5.0

    
2

.

1
.

=
×

==→×=
π

s
m

A
Q

v         54.9
)

4
(

3.0

2.0
    

22

.

2 =
×

==
π

1 2 
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אאאאאא
W 

 
אאאW 

 
 

P1אאאP2אאv1אאאv2אאh1
Kאאאh2אאא 

 
אאאאhg(12)

אא hL(1-2) אא
W 

 
 
 
 
 
 
 
 
 
 

15)-(2     constant   h   
g 2

   
 
P v 2

=++
gρ

2)-(16            
g 2

  
g 

   
g 2

  
g hvPhvP

2

2

22
1

2

11 ++=++
ρρ

2)-(17         
g 2

  
g 

    
g 2

  
g hhvPhhvP

L(12)2

2

22
g(12)1

2

11 +++=+++
ρρ
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2 J9 
אאאא2 m/sאא10 m/s،

אאא10 mאאאאא
אא200 kPaאא،1000 kg/m3 

 
 
 
 
 
 

אW 
א(1) (2) 

אP2W 

 
 
 
 
 
 
 

ماء ساخن 
(2)  

ماء بارد 
(1)  

10 m سخان  

h
vP

h
vP

2

2
22

1

2
11   

g 2
  

g 
   

g 2
  

g 
++=++

ρρ

kPa 53.9 Pa 53900     

109.811000)
2
102 ( 100010 200     

g  )
2

(     

22
3

2

2
2

2
1

12 h
vv

PP

==

××−
−

+×=

−
−

+= ρρ



א 116 אא 
 אא אא 

  
  

- 68 -  

2 J10W 
א50א cmא0.5 m3 /s،אh1=30 m

h2=40mP1=70 kPaKאאאP2=350kPa 
א3אm 

 
 
 

אW 
אא12אאא

 

 
 

אאאאv1= v2 

 

1

2  

  مضخة

hh
vP

hh
vP

L(12)2

2
22

g(12)1

2
11     

g 2
  

g 
    

g 2
  

g 
+++=+++

ρρ

m 41.6       

3)3040(0
9.811000

1070)-(350       

  )-  
g 2

  
g 

  

3

L(12)12

2
1

2
212

g(12) hh(hvvPP
h

=

+−++
×

×
=

++
−

+
−

=
ρ
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אא 
 

1 J3m 2אאאא 
אאFא3mkg/  1000א3mkg/  209E 

 
2 J א8 cm אאאא

א8 kNאאאאK 
 
3 J אאאאאאאא6 m

3mkg/  1200Fא101.3א kPaKE 
 
4 J אאא101.3 kPaא

3mkg/  1000 
 

5 J אא 1.5 barא30 Cאא
אA40 cm30 cmאB25 cm
אאאAB0.2 barאאאB

אאאאאAm/s 02،אא
K kgJ/  287R = 

 
6 J אאא5 cm8cmא

3 cmאאאאא

s
m 02.0

3

W 

Eאאאאאא 
EאאאאאK 
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7 Jאאא30 sKאא 

33 m 108 −×אאאאW 
 Jאאא24 m 1085.2 −× 
 JאK 

 
8 JאאאאKאאא

אK 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

4 m 

d = 60 mm 
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אא   
 

אאאאאא
אאאאאאאאאאא

אאאאאK
אאאאאאאK 

 
 
 
 
 



  

  

  

אאאאאא  

אאאא

א
א





א

 

3
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אאWאאא 
אא  

אאאאW  
• אאFאאאאאאE 
• אאאא 
• אאאא 
• אאאאא 

 

אא 
5 
 

אא 
אא 
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אאWאאא 
Introduction to Thermodynamics 

 
،אאאאאאאאא

אאאאK
אאאאאאאא

אאאאאאאאK 
אאאאאאא

אאאאHeat flowאWorkאאאInternal energy
K 

 
3 J1אאWHeat 

؛،،،א،،
אאא،؛אאK،؛،אא

،،אא؛אא
K 

אא؛אאK،א
אאא،א؛،אא

K 
אאאאאW 

،אאא،א؛אאאא
אאאK،،،א

א،،Kא
Temperatureא،א1.3٪א،א

360؛א،א7.7٪2670؛א،א91٪
אא،3602670א،אK

א،א،1660א،אK 
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؟אאא،אא،
א30،1750אא؛אא
100،1941אאKאאא،אאא،

אKאא،אKinetic energyאא؛
،א،K 

 
אאHeatאKאאאא،

אאK،א،
אK،אאאא
אאK؛،א،אא

א،،،؛אא،
אK،אאאאא،אאK

אא،א،אא،
א؛אא؛א،א،א

א،אאא؛אא
אאK 

אWא؛א،א،א
אא،א،؛אא،א

אאKא،אא،אא
؛،،א،אאא

FאאEK،אאא،אא؛א،
Kאאאא؛א

אKא،אאK 
،א،אאKא

،אאאאא،אא،א
אאK 
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אאW 
،א،א،אאאאאא،

Kא،אאאאאאא،CaloriesKא
אאאאאFאEא،אאאאא،K

،אאא،3035؛،אא،
אאKאא،אא،

،30א31K،אאא،א
،אאאא3530א؛،א

،א3534K 
،אא،אאK،،

א،אאאK،אאא
،א،אK،א،אאאא

،אאאא،אאא
אאאאFKEאאאאאא،

אLatent heat of VaporizationK،א
א J20،אא؛א،،א

אא،،אאאא
אא>אא؛אא،אאא،א

אאא،אאKאאא
אאא،אאLatent heat of meltingK 

 
אאW 

א،،،אא
،אK،א،אא

אא،אK،אאא،א
אאא،אאK،א

אאא،אא،אאK
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א،،א،א،؛אא
אא،אK،

אאWאא،אא،Kא
אKאאא،אאK 

 J 
،אא،אאאא

،אאאא،אא،אאא،
Lord KelvinF1824 J1907KE 

א،א؛אא،אא
אאא،אK،،אא

א؛אאא،א
K،א،א،،א،אא

אאא،אVibrationsא،אאK
אאאא،אאאZero point vibrationsKאא

א،אאאZero Point EnergyKאאאK 
א،א،אאא،

؛אאא،אא،אאא
אKK 

،אאא273.16K،א373.16K
אK 

 
 J 

،אאאאאאא1714K
א،אאא،Gabriel Daniel FahrenheitKא

א،32אא؛אא،אא،212،
אאKאאא،אאK،א

،אא180؛Kא
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FK،אאK،א
،אא،אא،96אKא،

،،א،،،אא
K،אא،א،אא
98.6K 

 
 Jאא 

،א1742א،
،אAnders Celsiusאא،K

אא،אאא100،א؛
،אא100Kאא،א،אא

Centigrade Scale،،،؛Celsius 
Scaleאאא،א،Kא،א

אא،K 
؛א،،،אאא

100א،א،אK،אא
 J40אאא،K 

אא؛אא،אאאא؛
אא،אא،אא،אאאא

אKאא،אאאאאא
K 
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אאW 
 Jאאאא 

אאאWאאW 
،אאא100؛אא180،

،F،180L1001.8KאאC؛אאא
אא،אאאKא

אK 
،א،א،אאא؛א،אא

،32אאא،אאאא،W 
 

אאW 

אאW 

 
 Jאא 

؛אאK100،
אא،אK،אא،א

273.16א،373.16Fא92אKE،אא،א
אWאאK،،،א،א273.16،

،א،א،W 
 

אW 

 

3)-(2         )32(
9
5 00 −= FC

3)-(1            32
5
9 00 += CF

3)-(3          16.2730 −= KC
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אW 

 
 Jאא 

אא،،،אאK
אאאאW،אא1.8

אא،א،،א100؛180
،אא،1.8אאK

אא،אW 
 

אאאא،W 

 
3 J2אאאW 

אאאאאא
אאאאW 

 
אWsystem 

אאאK
W،

Kאאאאאאא
אאKKאאאOpen Systemא

אאאאאאClosed systemא
אאאאאאאIsolated system 

אאאאK 
 

3)-(4          16.2730 += CK

3)-(5        16.273)32(
9
5 0 +−= FK
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אW Surroundings 
אאא 

 
 

 
 
 
 
 
 

אאWProcess 
אאאאאאK 
  

אאאWSpecific Heat 
אאאאאאאאא

אאאאKאאאא
אאאcpאאאcvאאאא

אאאאאKאאאא
אאאאK(cp/cv)kא3 J1

אאאאאאK 
 

אWWork 
אKא

אKאא
אאאאKאאאאאא

אאאאאK 
 
 

א
א 

א  אא 

א




א

3א J1אאאא 

אא 
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אאW 
אאאא3 J3،אא

אאpאאpoppoא
אWout،אppoא

אאWinFא3א J3E 
 

3 J1אאאאאא

א 
cp 

kJ/kg K 
 

k 

א 0.91  J 
א 0.47  J 
א 0.39  J 
א 0.23  J 
א 0.14  J 

א 0.13  J 
אא 1.00 1.40 


א 0.84 1.30 

א 5.19 1.66 
א 14.22 1.41 
א 1.04 1.40 
א 0.92 1.40 

א 2.21 1.31 
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אpאV1אV2
אW 

 

 
אאאאאאאא

אאאאאאאא
אאאאאאאאK 

 

p 

א 

3א J2אא 

po 

 النظام

א 

א
 

 النظام

א 

א 
  

3אJ3אאאא 

3)-(6                           dV pW
2

1

V

V
∫=
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אאאאאאW 
1KאאFאWEConstant Pressure Process ( Isobaric) 

אאאאאא3 J4Kא1א2 
אאאא13אא

K 
 
 
 
 
 

אאאאא3-6
א 

                                      
                                                      W1-2= p (V2 – V1)  

 
                                                      W1-3= p (V3 – V1)  

 
 
 

∆VאאK 
 

3 J4אא 

1 2 
p  

 

V  

3  

  شغل
  موجب

  شغل
  سالب

W = p ∆V               (7-3) 



א 116 אא 
 אא אאא 

  
 

- 84 - 

2KאאFאWEConstant Volume Process (Isochoric) 
אV = CCK 

אאא 
א3 J5K 

 
 
 

אאאאא6-3 

 
3KאאאFאWEIsothermal Process 

אאאאאאאאא
אאאאאאW 

 
p V = C 

CK 
אאאאאא3 J6 

 
 
 
 
 
 
 
 
 

1  

2  
p  

 

V  
3 J5אא

3)-(8        0 dV pW
2

1

V

V

== ∫

3 J6אאא
 

1 
2 

p  
 

V  

3  

  تمدد
  انضغاط
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אאאאא(6-3)אאאאא
אא(1-2)א 

 
א 

3 
KאאאWAdiabatic Process 

אאאאאאאא
אאאאW 

CK 
אאאא(6-3)אאאW 

 
3 J1 

 0.2 m3 2 bar0.5 m3  א
אאאאאK 

אW 
 

W= p (V2 – V1) = 2 x 105 ( 0.5 – 0.2) = 6 x  105    J 

V
T R mp =

3)-(9        
V
Vln pVW 

 
V
Vln T R m  W

V
dV T R mW

1

2

1

2

V

V

2

1









=









=

= ∫

CV p k =

3)-(10                     
1-k

VpVpW 2211 −
=
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3 J2 
א0.3 m3 2 barא27 oCאא

0.5 m3 אאאאאאK 
אW 

א(9-3)  

3 J3 
אא27 oC2 bar0.02 m3אאKא

אאאאאאא7 bar
אאאאאאאK 

 
אW 

אאאאאא 

 

 
אאאk = 1.40א 

אV2 
א(10-3)א 

J    5.30649
0.3
0.5ln 3.0102

V
Vln pVW 5

1

2 =





××=








=

CV p k =

k
22

k
11 V pV p =

34.1
1

k
1

2

1
12 m     0082.0

7
202.0

p
pVV =






=








=
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אאאאK 
 

3 J4 
אאKאאאאא

1-2-3-1א1-22-33-1 אא 
 
 
 
 
 
 
 
 

אW 

 

        J  4350- 
14.1

0082.010702.0102 
1-k

VpVpW
55

2211 =
−

××−××
=

−
=

1  

2  
3  

V  (m3) 

p (bar) 
5.5 

1.5 

0.02 0.10 

J 16000 1200028000W
0W

J     000 12-  10 1.50.10)-0.02 (  W

J     2800010 1.5  )02.010.0(10
2
1W

1-3-2-1

1-3

5
3-2

55
2-1

=−=
=

=××=

=××−+×1.5)−(5.5× 0.02) − (0.10 =  
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3 J3אאאאW 
אאאאWThe zeroth law of thermodynamics 

אאאאאאאאאא
א 

אאאאאא
אאאאאKא

אאאאאאאאא
אאK 

 
אאאאWFirst law of thermodynamics 

אאאאאא
אאאQאאWאאאא

U  
                                               
                                                  

 
אאאאא

אW 
 
 

q = Q/m∆u = ∆U/mw=W/m      
אאאאא

K 
 
Kאאאאאאא

∆u= 0א،אאQ = W 
אאאאאאאK

Q = 0א∆U + W=0 

Q = ∆U + W                          (11-3) 

q = ∆u +  w                             (12-3) 
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3 J5 

אאאאאאאאאאאאא
45א kJ/kgאאא90 kJ/kg 

אW 
 

אאא 
                

 
                      q = ∆u +  w 

 
  ∆u = q – w 

 
 q = -45 kJ/kg  & w = -90 kJ/kg 

 
 ∆u = -45 – (-90) =-45 + 90 = 45 kJ/kg 

 
∆uאאאאK 

 
3 J6 

אאאאאאאאאאאא
א420 kJ/kgאאאא200 kJ/kgא

אאאאאא100 kJ/kgאK 
אW 

∆u = u2 – u1 = 200 – 420 = – 220 kJ/kg 
 
q = ∆u +  w = – 220 + 100 = – 120 kJ/kg 

 
אא120א kJ/kg 
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3 J7 
אאאאאא

א5אkJאאאאא 
אW 

Q = ∆U + W 
 
∆U = Q – W 

אאQ = 0 
 

W= –5 kJ 
 ∆U = 0 – (–5) = 5 kJ 

אאאא5 kJ 
 

3 J8 
אאK600 Jאאאא

ab200 JאאאאbdKW 
EאאאאאאabK 
EאאאאאאabdK 
EאאאאאacdK 
 

אW 
Eאאab אא 

אא 
Q = ∆U + W 
W = 0 
Q = ∆U 
∆U=Q = 600 J  

 

  الحجم 

  الضغط

a

b d

c

3-3 m102×  3-3 m105×  

Pa103 4×  

Pa108 4×  
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Eאאabd אאabFאEאbdF
אE 

EאאacdאאacFאEאcdFאאE 

אאאא 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

J. 560  240-200)(600W-Q U
J  24010)25(108W 34

=+==∆
=×−××= −

J. 650  90560WUQ
J  9010)25(103W 34

=+=+∆=
=×−××= −
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אא 
 

1 J א2
5

m
N103×אא3m 05.0

3m 04.0אאאאא 
 
2 Jא27 Cא7 Cאא

א3אm 8אאאאא10 kg،
אאR= 320 J/kg K 

 
3 Jאאאא200 kPaא3m 2

אאאאאאא3m4 
 
4 JאאPa102 5×3m .213m 8.0

אאאאאJ104.2 5× 
E  אאאאא 

E אאאאא 
 
5 Jאא500 JאאאK

אאאאאאאאא 
E אאאאאK 

Eאאאא 
 
6 Jאאאabאacb

אא80 Jא30 J 
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Eאאאאאאadb 

Eאא10Jאאaאbaא20J 
אא؟ 

EאUa = 0Ud = 40 Jאאאאאאad db 
 

 
 

 
  

  الحجم 

  غطالض

a

b

d

c
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אא 
  

אאאאאא
אאאאאאאאאHeat flow

אWorkאאאInternal energyKאא
אאאאאK 

 
 
 
 
 
 
 



 

 

  

אאאאאא  

אאאא  

א
א




א
 

4
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אאאWאאא 
אא 

אאאאW 
• אאא 
• אאאאא 
• אאאאאאאא 

 

אא 
6 
 

אא 
אא  
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אאאWאאא 
Modes of Heat Transfer 

 
אא،א،WאFאEא،

FאEא،KאאאאKאאאא
אאאאאא

אאKאאאאKאאאא
אאאאאאאא

אאאאאK 
אאאאאאאאאאא

אאאK 
 

4 J1אConduction 
אאאאאאא،אא

Kאאאא،אאאאא
אא،אאאאא

אאאK 
אאאאKא،א،א

،אK،،א،אאKאאא
،אא،א،אK،אאא،

אא؛אאא،אא،א
אאאאאאאKאא

،אא،אאאאאאאK 
א،אאאאא،،؛

אא،אא؛אK،אא،אאא
אK 
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אאא،؛א،،אאאK
،،אא،אא،

אאK،אאא،،אאאא
א،K 

،אאאאאאאא،
אאKאאאאא،אא

אאאאFאE،אא،K 
 

אאאאאWSteady State One Dimensional Conduction 
אאאאאאאא4 J1

אאאא אW 
 
 

 
 
 

 
Q–אא(W) 
d JאFאאFEmE 
A JאאאאFm2E 
T1T2–אאאאאF°CKE 
k JאאאאFW/mK°CKE 

 
 

אאאThermal ConductivityאK
א4 J1אאאאא 

4)-(1                 
d
TA k  

d
T-TA k  Q 21 ∆

==

T1 
T2 

d 

A 
Q  

4J1אאאאאא 
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4 J1אאאאא 

א אאא
FkE 

Cm W / 0 
א 2300 

א 429 

א 401 

א 317 

א 237 

א 80 

א 0.78 

א 0.72 

א 0.613 

א 0.17 

אא 0.026 

 
אאאאאאאK 

 
4 J1 

6 m x 8 mKאאאאא
C150אC05אאאאא0.25 m

אאאאFאECm 
w   8.0 0 
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אW 

A = 6 × 8 = 48 m2  , k = 0.8 W/ m C , ∆T = 15 – 5 = 10 C 
d = 0.25 m 

 
Q= 0.8 × 48 × 10 / 0.25 = 1536   W 

 
4 J2 

אא2m10.1 m50 Wא
אאא0.2א W/m CאאאK 

 
אW 

 
Q= 50 W, d = 0.1m, k = 0.2 W/m C,  A = 1 m2 

 
 ∆T = 50 × 0.1 / (0.2 × 1) =  25 C    

 
Wאאאאאא 

אאא( I )א( R)א
אא( V )אאFא4א J2E 

 
 
 
 

                                       
d
TA k  Q ∆

=

                                       
Ak 
d  Q  T 

d
TA k  Q

=∆∴

∆
=

V1 V2 R 

I 
 

R
V

R
VV  I 12 ∆

=
−

=  

4J2 
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אאאאאאא
אW 









∆
=

Ak 
d
T  Q

 

 

)42(                    
R
T  Q −

∆
= 

RאאאAk 
d R = 

 
 
 

 
 

אאאאW 
א4 J4אKאאאk1 k2K

אאאאאאאאאאW 
 
 
 
 
 
 
 
 
 
 

T1 T2 R 

Q 
 

R
T

R
TT  Q 12 ∆

=
−

=  

4J3אאאR 

T1 T2 

d2 

A 
Q  

d1 

k1 k2 

T3 

4J4אאאא



א 116 אאא 
אא אאא 

  
 

- 101 - 

אאאאאא 

R
T  Q ∆

=     &   Ak 
d R = 

אאאאאאאא
אאאW 

1

32

1

21

R
TT Q

R
TT Q

−
=

−
=

 

אאאאאאאאאא
אא 

    4)-(3           
RR
TT Q

21

31

+
−

= 

 

A k
d R & 

A k
d R

2

2
2

1

1
1 == 

 
אאאאאn

אW 
 

4)-(4         
R

TT Q ni

1i
i

1n1

∑

−
= =

=

+

 

 

 
A k

d R
i

i
i = 
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4 J3 
1.5 m x 0.9 mא4mm

א10mm،אאאאאאCm 
w   8.0 0

Cm 
w   03.0 0אאאאאC150

C30אאא 
אW 

∑

−
= =

=

+
ni

1i
i

1n1

R

TT Q
    &   

A k
d R
i

i
i =  & n = 3 

 



W
C           247.0

0.91.50.03
0.01 

A k
d R

W
C           0037.0

0.91.50.8
0.004 

A k
dR R

0

2

2
2

0

1

1
31

=
××

==

=
××

===

 

 

  W17.47
0037.0247.00.0037

315
RRR

TT Q
321

41 =
++

−
=

++
−

= 

 
4 J2אConvection 
אאאאאKאא،א

אאאא،K
אאאאאאאאא

אאKא،אKא،אא،אא
אFE،א،אFKE،אאא

،،،אא،אאK
אאא،א؛א،אF

E،אK،אאא،אא
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אא،אאConvective Circulation
אאאK 

א،אאא،אא
ConvectionKאאאאאאאא،K،א

אא،אאאאא،א
אא،K 

א،אא،אאאא،א
אא،א אאאא،

K،א،א،؛אא،
אאאאאK،،אאאא

א،אאא،؛
אאK،אאא،אאא،א

א،אKא،אאאא
א،אאK،אאאאKKKK

Kא 
אאאאאNatural Convectionא

אאאאF
אאEאאאאאForced Convection

אאאאאאאK 
אאא 

 
4)-(5                     )TT (A h  Q w ∞−= 

 

hאאאאCm
w 02Aאאא

אא2m 
אאאW 
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−
= ∞

Ah 
1

TT Q w
 









hA
1

אRאאאW 

 

)46(               
R

TT Q w −
−

= ∞ 

 
א4 J2אאאא 

4 J2אאא
א h  (C m

w 02) 

FאE 5 – 25 

FאE 10 - 500 

FE 100 - 15000 

 2500 - 25000 

 5000 - 100000 

 
4 J4 

אC 120 oאאאאC 20 oאאאא

אאאאאאאאC m
w 10 02 

אW 

                       
   W1000 20)-(120 10 Q

)TT (A h  Q w

==

−= ∞
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4 J5 
א10א mmאC 90 oאאC 15 o،

אאאאאאאאאא

אאאאCm 
w   05 0אאאאC m

w 2800 02C m
w 11 02

K 
 

אW 
אאאאאא

אאא 
 

CONVO

a2

COND

21

CONVI

1w

R
)TT (  

R
)T(Tk  

R
)TT (  Q −

=
−

=
−

= 

 


Ah
1R
W

CONVI =
kA
dR COND =

Ah
1R
A

CONVO =אאאאאא

אאאאאhWhA  ،אאאאא k 
אאאא،d،אאTwTaאאא

،אאאאT1T2אאאאאאK 
אאאאאאאאאאא

אאאאאW 
 

                       
  w820 

111
1

150
01.0

12800
1

1590   

RRR
)TaT (

  Q
CONVOCONDCONVI

w

=

×
+

×
+

×

−
=

++
−

=
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4 J3אאאWRadiation  
אאאאא

،אאאאKאא
0.1100FאE
אאאאאKא

אאאאאאKאא
אK 

 
אאאאאאאא

א،א JאW 
 

W 
Qאאאאא(w) 

 
A אאא m2 
 
σ– 

 
Ts אאאאC+273)°K=E 

 

אאא
(7-4)אא

(emissivity)eאW 

4)-(7                               T A  Q 4
sσ=

42
6-

Km
w 10   5.6699 ×=σ
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אeאאאK4א J3

אאK 
 

4א J3אא 
א 

א 
א א 

אא0.07  0.98 

 0.03 א 0.90 

 0.03  0.85-0.93 

 0.02  0.93-0.96 


 

0.17  0.82-0.92 

א 0.96 אא0.95 

 
(8-4) א ،אאאאאא

אאאאW 

 
TsurrאאאאK 

 

4)-(8                               T  eA  Q 4
sσ=

4)-(9                               )T -(T  eA  Q 4
surr

4
sσ=
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4 J6 
א22 C،אאאאא

א10 C25 Cאאאאא
אKאאא35א Cאא2m 4.1א

א0.95 
 
 

אW 

       
    W95.59)298308(1067.595.0 (A    Q

   W24.193)283308(1067.595.0) (A    Q

44844
ssummer

44844
swinter

TT

TT

=−×××=−=

=−×××=−=

−

−

surr

surr

σε

σε
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אאא 
 

1 Jאא20 Cאא20אא
אא؟ 

2 Jא2 m x 1.5 m10 mmאאAd
אאא؟ 

3 JאאאKאאאאאאא
אאKT1 = 50 CT3 = 20 Ck1 = 0.04k2=1.37אא20 cm
5א cm 

 
 
 
 
 
 

4 Jא3m 5m0.3mאאCm 
w   9.0 0א

אאאאאC150C60אא
אאאאK 

5 Jא15 cmאאאk = 0.7 W/m C

א-3 CאאאאC m
w 40 02אאאא

אאאא30א CאאאאC m
w 10 02 

Eאאאא 
Eאאאאאאאא 

 
 

T1 

 مادة عازلة
Q  

k1 k2 

T3 

  الجدار
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6 Jאאאאא2m 1.2
א30 C، 
אאא20 CאאאאK 

 
7 Jא1 cmאאא

300 Kאאא0.35אאא
3000א KאאאאK 
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אאא 
  

אאאאא،Kא
אאאאאאאאאא

אאאאאאאK
אאאאאאא

אאאK 
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אאא 
1 J אאא،אאFאE،אא

אK 
2 J ،אא،،אא،אא

1991L1992 
3 J אא?אאאא? Jאאא J

אא Jאאאאא JאאאK 
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