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(a) Working principle (b) Arrangement of blades

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Disk

Bearing

Steam from
boiler

Moving nozzles

Pressure

Condenser
pressure

Velocity of
leaving steam

Velocity of
entering steam

Pressure
of entering

steam

F M

(a) Working principle (b) Arrangement of blades

Velocity

F - Fixed
M - Moving

F M

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Velocity of
steam leaving

Condenser
pressurePressure

Pressure
of steam
entering

Velocity

Specific
volume

Nozzle Moving Fixed

Velocity of
steam leaving

Condenser
pressure

Pressure
of steam
entering

Velocity

Specific
volume

Nozzle
Moving
blades

Fixed
blades

Moving
blades

Velocity of
steam entering

Pressure

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


 d N
60
m

d m

V1

V2

Vw1 V1

Vw2

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Velocity of
steam leaving

Condenser
pressure

Pressure
of steam
entering

Velocity

Specific volume

Nozzle Moving Fixed

Velocity
of steam
entering

First stage Second
stage

Pressure

Moving Nozzle Moving Fixed Moving Nozzle

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


V and Vr1 r2

V and Vf1 f2 V and V1 2







 V2

m

V
V

r2

r1

' '

V1
V1

V V (K 1)r2 r1 

V Vr2 r1

V Vr2 r1

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Vf2

Vf1
Vr1

V1

 

u
Vw1

u

Vr2


Vw2



V2




Moving blade
ub

Vw2 Vw1

u

V2
Vr2 V1

Vr1
Vf1

Vf2

 
L M


Q P

D

C

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


Force in the direction
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the direction of force

[ ( )]V V uw1 w2  ( )V V u , N - m
kgw1 w2
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m s
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( )m V V u

m V

s w1 w2
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2


1
2

2 V V u
V

w1 w2

1
2

( )
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( )V V u

h h
w1 w2

2


1

2 V1
2
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( )V V u

h h
2 V

2 V
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2

1
2

1
2





1
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2

2 1

( )
( )

V V u
V

V
h h
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1
2

1
2

2

 
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 E

( )m V Vs r1
2

r2
2

Vr1 Vr2

Vr2 K Vr1

( )V1

Blade velocity
Steam velocity at inlet

u
V1



 D H
2

H
2

H Vf 

 


 

 (D H) H Vf  

m Q Q
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 

 




1
v s

 m (D H) H V
v
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s
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TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

D H/2H

Dm

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net
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 
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


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

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V
1

1
2

( (  

b 2 1(  KC) uV cos
V

u
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1

1
2

2

1
2

 













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
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b 2 1s KC) cos s)( ( 

d
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ds
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
 


 2 u 2

u
V1

cos2 

2 u 2 u
V1

cos
2

350 C
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350 C h1

S1

h f h f2

h fg h fg2

Sf Sf2

Sfg Sfg2

S1 S2 S1   S x Sf2 fg2

 1.86 x 4.959  

p2

 h 2   h x hf2 fg2

640 1 0 9265 2107 4. . . 

isen
h h
h h

1 2

1 2


 

(
(


h)
h)

actual

isen

 (h)
3071.2 2592.6061

actual


  h actual

 m h actual

41.6667 382.8751

 15.9531 10 W3

20
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TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

h

h1

h2

h2' 2'

2

p2

p1

S = S1 2'
S

1

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


D N
60
m

 0 3
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.75 200

Vw1 V cos1  300 20 cos ( )

Vf1 V sin1  300 20 sin ( )

tan V
V u
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102.606

281.9077 125.6637

  tan ( . )1 0 6567

  33 293.

Vr1
V
sin
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

102.606
sin (33.293)

V
V

r2

r1
 V

186.9231
r2

 Vr2

Vw2 V ur2 cos 

Vw2 158.8846 cos (33.293) 125.6637 

Vf2 Vr2 sin 158.8846 sin (33.293)

Fa ( )m V Vf1 f2  m (102.606 87.215)

 m

( )m V V uw1 w2 9.0962 (281.9077 7.1438) 125.6637  

 330.4038 10 W3

20
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 20 V1 Fa Vr2 Vr1 m

 ,

Fa Vf1 Vf2

Vw1 V1 cos

375 20cos( )

Vf1 V1 sin

375 20sin ( )

tan V
V u

f1

w1 
128.2575

352.3847 165
  34.3901

Vr1
Vf1

sin
128.2575

sin (34.3901)

Vr2 Vr1 0.85 227.0749

Vf1 Vf2

sin V
V

f2

r2

128 2575
193 0137

.

.
  41 6439.

tan V
V u

f2

w2 
 tan (41.6439) 128.2575

V 165w2 

 Vw2

( )m V V uw1 w2 10 (352.3847 ( 20.7628)) 165   

 547.1761 10 W3

20
20
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 20 V1  20

Vr1 Vr2 m

 b

Vw1 V1 cos 450 20cos ( )

Vf1 V1 sin 450 20sin ( )

tan V
V u

f1

w1 
153.909

422.8616 180

  tan 0.6337)1 ( 32 3637.

Vr1
Vf1

sin
153.909

sin (32.3637)

Vr1 Vr2

Vw2 V ur2 cos 

Vw2 287.5235 cos (20) 180 

( )V V uw1 w2 ( . . )4228616 901837 180 

92.3481 10 J / kg3

( )m V V uw1 w2 2.5 (422.8616 90.1837) 180  

 230.8702 10 W3

b
P

1
2

mV1
2

230.8702 10
1
2

2.5 450

3

2



 

 b
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20

 20 V1 n m  

b   stage

b ( )maxb

 ( )maxb
cos cos

cos

2

2
1 





 


K

(cos ( )) ( . )20
2

1 9 1
2

 0 [  

 b

stage  b n

0.8388 0.93

 stage

cos
2

cos ( )20
2

u
V1

 u
440



Vw1 V1 cos 440 20cos ( )

Vf1 V1 sin 440 20sin ( )

tan V
V u

f1

w1 
150.4888

413.4647 206.712

   tan .1 0 7278 36 0496.

  36.0496
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Vf1 Vr1 sin  Vr1 sin ( . )36 0496

 Vr1

V
V

r2

r1
 V

255.7222
r2

 Vr2

cos V u
V

w2

r2

  cos (36.0496) V 206.712
230.1499

w2 

 Vw2

( )m V V uw1 w2

3 (413.4647 ( 20.6339)) 206.712   

 243.6085 10 W3

17
3

Dm  17 u
V1V

V
r2

r1
   3 m

Ft Fa b

D N
60
m  1.1 3000

60

u
V1

172.7875
V1

 V1

Vw1 V1 cos 383 9722 17. cos ( )
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Vf1 V1 sin 383.9722 sin (17)

tan V
V u

f1

w1 
112.2626

367.1944 172.7875

  30.0048

Vr1 cos V uw1   V cos (30.0048)r1

 Vr1

V
V

r2

r1
 V

224.4926
r2

 Vr2

   3 30 0048 3.  27 0048.

Vw2 V ur2 cos  184.0839 cos (27.0048) 172.7875   8.7745 m sec

Vf2 Vr2 sin 184.0839 sin (27.0048)

Ft ( )m V + Vw1 w2 10.2 (367.1944 ( 8.7745))  

Ft

Fa ( )m V Vf1 f2 10.2 (112.2626 83.582) 

Fa

FR F Ft
2

a
2 ( (3655.8829) 292.5421)2 2

 FR

( )m V + V uw1 w2 10.2 (367.1944 ( 8.7745)) 172.7875   

 631.6908 10 W3
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b
P

1
2

m V1
2

631.6908 10
1
2

10.2 383.9722

3

2



 

 b

Vw1 Vw2  65

200 C

Pstage 500 103 W, Vw1 Vw2  65

8 105 N mm 2 200 C n

Dm m  h  ,

D N
60
m   D 3

60
m 000

 Dm

( )m V + V uw1 w2  500 103 (m 200 + 0) 1 00

 m

Vw1 V1 cos  V1 cos ( )65

 V1

n
V

2 h
1
2


 473.2403

h

2

2
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  h 162.2872 103

Vf1 Vw1 tan 200 65 tan ( )

tan V
V u

f1

w1 
428.9013
200 100

 76 8757.

Vr1 cos V uw1   V cos (76.8757)r1  200 100

 Vr1 Vr2 [ Blades are frictionless]

cos u
Vr2

100
440.4037

  76 8756.

v s v g

200 C

v g 0.2608 m kg3

 v s 1 0.2608 0.2608 m kg3

m v s 25 0.2608 6.52 m sec3

D H Vm f1     0.6366 H 428.9013

 7.601 10 m3 

20
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V1  20   m 1000
3600

 , Ft b

Vw1 V1 cos 1200 20cos ( )

Vf1 V1 sin 1200 20sin ( )

tan V
V u

f1

w1 
410.4241

1127.6311 400
 29 4253.

  29 4253.

sin V
V

f1

r1
sin (29.4253) 410.4241

Vr1

 Vr1
V
V

r2

r1
 V

835.4035
r2

 Vr2

Vw2 V ur2 cos  668.3228 cos (29.4253) 400 

Ft ( )m V + Vw1 w2

 Ft 0.2777 (1127.6311 182.1071) 

( )m V + V uw1 w2 0.2777 (1127.6311 182.107) 400  

 145.4857 10 W3

b
P

1
2

m V1
2

 b
145.48578 10

1
2

0.2777 (1200)

3

2



 
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25

  25 V1 Fa

Vr2 Vr1 m

 ,

160
50

370
50

  25

Vr1 l(BC) scale 4 7 50. 

CBE  42

Fa
Vf1 Vf2

Vr2 l(BD) Scale 4 2 50. 

DBA  45

Vw l(GE) Scale 6 5 50. 

m u Vw 10 160 325 

 520 10 W3

120 103 W m

V1  90  Vw2

  ,

m u Vw

 120 103 2 190  Vw

 Vw
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190
50

315 7894
50
.

450
50

CBE  69

CAE  47

 90

DAB  52

20

35

V1  20

 35 Vr2 Vr1

 b Fa

270
50

650
50

 20

Vr1 l(BC) Scale 8 2 50. 

CBE  33
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u = 190 m/sec

V = V2 f2

V
= 0.8

5 V

r2

r1

V
= 450 m/sec

1 Vr1

Vf1

  A
B

E

D

C

F

Vw1
u = 270 m/sec

Vf2

V
= 0.85 V

r2

r1 V = 650 m/sec
1 Vf1

 = 20º  = 35º 
A B

E

D C

F

Vr1

G

V2

Vw2

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


Vf1 l(EC) Scale 4 5 50. 

 35

  35

Vf2 l(GD) Scale 4 1 50. 

Vw l(GE) Scale 12 7 50. 

m

u Vw

 270 635 171.45 103

b
u V
1
2

V

w

1
2

 b
270 635
1
2

6 2



 50

Fa V Vf1 f2

 Fa 225 205

20

V1  20   Vr1 Vr2 m

b

cos
2

cos ( )20
2
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u
V1

 u
400



Vw1 V cos1 

400 20 cos ( )

Vf1 V sin1 

400 20 sin ( )

tan V
V u

f1

w1 
136.808

375.877 187.92

  tan ( . )1 0 7278 36 0496.

Vr1
Vf1

sin
136.808

sin (36.0496)

Vr1 Vr2

  36.0496

Vw2 V ur2 cos  232.4747 cos (36.0496) 187.92 

( )m V + V uw1 w2

0.6 (375.877 0.03762) 187.92  

 42.3851 10 W3

b ( )maxb

( )maxb (cos2 (cos ( ))20 2

b

20 30
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p1 T1 p2 m 60
60

n

  Vr1 Vr2  h

V1 b stage

n
V

2 h
1
2




V

2 1
1
2

 705 03

 V1

Vw1 V cos1  1126.499 cos(20)

Vf1 V sin1  1126.499 sin (20)

tan V
V u

f1

w1 
385.2853

1058.5627 250

  tan ( . )1 0 4765 25 478.

Vr1
Vf1

sin
385.2853

sin (25.478)

Vr1 Vr2

Vw2 V ur2 cos 
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h

h1

h2

p2

p1
h

1

2

S
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 Vw2 895.6695 cos (30) 250 

( )m V + V uw1 w2

1 (1058.5627 525.6726) 250   396.0588 10 W3

b
P

1
2

m V1
2

396.0588 10
1
2

1 1126.499

3

2



 

 b

stage  b n 0.6242 0.9 0.5617 100

 stage

18
25

m V1 
18  25

 , b Fa  E

Vf1 V sin1 

800 18 sin ( )

Vw1 V cos1  800 18 cos ( )

tan V
V u

f1

w1 
247.2153

760.8452 200
  23 7872.

Vr1
Vf1

sin
247.2135

sin (23.7872)

V
V

r2

r1
 V

612.9145
r2

Vr2
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Vf2 Vr2 sin 459.6858 sin (25)

tan V
V u

f2

w2 
 194.2716

V 200w2 

 Vw2

tan V
V

f2

w2

194.2716
216.6167

  41 8871.

( )m V + V uw1 w2 1.5 (760.8452 216.6167) 200  

 293.2385 10 W3

b
P

1
2

m V1
2

293.2385 10
1
2

1.5 800

3

2



 

 b

Fa ( )m V Vf1 f2 1.5 (247.2135 194.2716) 

Fa

 E ( )m V Vr1
2

r2
2 1.5 (612.9145 459.6858 )2 2 

 E 246.5297 10 W3

75

V2  75 m  

   V1 Fa
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200
25

90
25

  75

Vr2 l(BD) Scale 9.6 25

DBG  21

 

CBE  21

Vf2 l(GD) Scale 35 25. 

 21
l (BD)
0.82

V1 l(AC) Scale 19.3 25

CAE  13

Vf1 l(EC) Scale 4 1 25. 

Fa ( )m V Vf1 f2

Fa 3 (102.5 87.5) 
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  
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V1   
V
V

r2

r1

  b

Vw1 V cos1 

Vf1 V sin1 

tan V
V u

f1

w1 1
512

1409.5 – 500

   

Vr1 V + ( V – u )f1
2

w1 1
2 512 (1409.5 – 500)2 2

 Vr1

Vr2 0.8 Vr1

cos V u
V
w2

r2

  V 500
834.96
w2 

 Vw2

m (V + V ) u
1000

w1 w2 

0.33 (1409.5+ 227.9) 500
1000





b
2(V + V )

V
uw1 w2

1
2


2(1409.5+ 227.9) 500

15002



 b
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Vr1





V
=

K
V

r2

r1 



 

ub

ub

V1

V2

ub

1 ring of
moving blade

st

Nozzle

Fixed blade

'

V
=

K
V

1'

2

Vr1''

ub
'

V
=

K
V

r2'

r1' '

'
V2'

ub

'

'

2 ring of
moving blade

nd

ub

u

Vf2

Vf1

F E
   

Vr1V1Vr2

V2

V Vr2 r1

u

Vw1'

' ' '

Vr2' V1'

Vr1' Vf1'

A B

Vf2'

Vw2 Vw1

A' B'
E'

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


WD1 ( )V V uw1 w2 u BE BF( )

Vr1 cos Vr2 cos

 WD1 ( cos cosV V ur1 r2 

( )V Vr1 r2 ( 

 WD1 ( cos cosV V ur1 r1  2 V cos ur1  

 WD1 2u V cos u)1(   ( V cos BE AE AB)r1    

( )V1

 V1 V2

WD2  V uw1  90 Vw2

WD2 [     A B B E ] u [     V cos V cos ur2 r1  

      V Vr2 r1

 WD2 [     V cos V cos ur2 r1   2u V cosr1 

 WD2 2 u V cos u)1(   

(
(     .

  V cos1  V cos2  V cos ur2   (FA FB AB) 

V cos ur1   (V cos u) u1    ( )  and V = Vr2 r1

V cos u1   2

 WD2 2 u V cos u) u]1[(   2 2 u V cos u)1(   3

WDT WD + WD1 2 2 u V cos u) 2 u V cos u)1 1( (    3

2 u 2V cos u)1(   4 4u V cos 2u)1(  
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b
WD

V
2

T

1
2

4u V cos 2u)
V
2

1

1
2

(  

 b
8 u
V

2 u
V1 1

cos 

 


 8s cos 2s)(   s u

V1



 




d
ds

b( )

 d
ds

8s cos 2s)[ ( ] 

 cos  4s cos
4

 bmax 8
4 4

 





cos cos cos    

 bmax  2 0 5cos cos . cos   cos2 

u
V1

cos
4

V1
4 u

cos

 ( )W DT max 4 u (V cos 2u)1   4 u u
cos

cos 2u4


 

 




 ( )W DT max 8 u 2

cos
2 n

WD
2

T
n
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(u / V1

V1   
 2  2 m

b P

A B1 1 l ( )A B1 1
125
50

A1 A C1 1

l ( )A C1 1
600
50

 1

B C1 1

B1  1
D1

B1 B F1 1
l ( )B C1 1

A D1 1

G E1 1

V Vw1 w2 l ( )G E Scale1 1  16.8 50

A B1 1 A B2 2

A2 A C2 2
l ( )A C2 2 0.9 A D1 1l ( )

 2

B C2 2
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Single stage

Two stage

Three stage

b

u
V1
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B2  2 D2
B2 B F2 2 0.9 B C2 2l ( )

( )A D2 2
G E2 2

V Vw3 w4 (G E ) Scale2 2  5 7 50. 

[( ) ( )]m u V V V Vw1 w2 w3 w4   10 125 [840 285]  

 1406.25 10 W3

b
P

1
2

mV1
2
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1 = 20º 1 = 20º

A1 B1

u = 125 m/sec

Vw2 Vw1

G1

Vf2

C1

E1

Vf1

F1

V = 600 m/sec1

Vr1

V = 0.9 Vr2 r1

V2

1 1

(a)

D1

(b)

2 = 25º
2

A2

2 = 30º
2

Vw3

u = 125 m/sec B2

Vw4

E2

Vf3

V4

V = 0.9 Vr4 r3

Vr3

V = 0.9 V3 2D2

C2

F2

Vf4

G2
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 b
1406.25 10
1
2

10 600

3

2



 

V1    2  2 m

 , 2 F F F Ft t a1 a1 2 2, , ( )maxb

A B1 1 l ( )A B1 1
120
50

A1 A C1 1

l ( )A C1 1
600
50

 1

B C1 1

B1  1
D1 B1

B F1 1 l ( )B C1 1
A D1 1

G E1 1
V V G E Scalew1 w2 1 1  l ( ) 17 5 50. 

E C1 1

Vf1 l ( )E C Scale1 1  3 3 50. 

E C2 2

Vf2 l ( )G D Scale1 1  2 8 50. 

 C B E1 1 1 1

A B1 1 A B2 2
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A2 A C2 2 l ( )A C2 2 0.9 A D1 1l ( )
 2

B C2 2

B2  2 D2
B2 B F2 2 0.9 B C2 2l ( )

( )A D2 2

G E2 2

V Vw3 w4 l(G E ) Scale2 2  5.8 50

E C2 2

Vf3 l ( )E C Scale1 1  2 1 50. 

G D2 2

Vf4 l ( )G D Scale2 2  1 9 50. 

 C B E2 2 2  2
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18º
A1 B1

u = 120 m/sec

Vw2 Vw1

G1

Vf2

C1

E1

Vf1

F1

V = 600 m/sec
1

Vr1

V = 0.9 V
r2

r1

V2

1 1

21º
2

A2

35º 2

Vw3

u = 120 m/sec

B2

Vw4

E2

Vf3

V4

V
= 0.9 V

r4

r3
Vr3

V = 0.9 V
3

2

D2

C2

F2

Vf4

G2

(a)

(b)

D1

16º
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Ft1 ( )m V Vw1 w2

 Ft1 4 875

Ft2 ( )m V Vw3 w4

 Ft2 4 290

Fa1 ( – )m V Vf1 f2

 Fa1  4 165 140 –

Fa2 ( – )m V Vf3 f4

 Fa2  4 105 95 –

( )maxb cos2
1 cos2 16

( )maxb

p1 Tsup1

p b

p p and p2, 4 4

p and T1 sup1
A D1

A B1 1
A C1 1

C1 B1
A2

h hA2 C1 A2
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A B1 1 A C1 1

A B2 2 A C2 2 A B3 3 A C3 3

A A A and A2 3 4, , 5

( .............A B A B AB)1 1 2 2   

( ...........A C A C AC)1 2 21   

A1

R f
Cummulative enthalpy drop

Rankine enthalpy drop
(AB)
A D1

( )i

 i
Total useful enthalpy drop

Rankine enthalpy drop
(AC)
A D1

( )s

1st s1
A C
A B

1 1

1 1

2nd s2
A C
A B

2 2

2 2

s



(
(
AC)
AB)

  AB

i
 


( (

(
AC)

A D
AB)
AB)1

  


( (
(

AB)
A D

AC)
AB)1



 i R f s
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Condition line

A1

p1

p2 p3
p4 pb

I
II

III
IV

D

C1

B1

B2

B3

B4

A2

A3

A4

A5
C4

C3

C2

h

S

Tsup1
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R f

 o

 o
Useful work

Heat supplied
h h
h h

A1 A5

A1 fD

–
–

p1
p2

( )Vr2

( )Vr1
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Fixed Moving

 hf  hm

V1 V2 Vr1 Vr2

(a) Reaction turbine stage
V > Vr2 r1

Fixed Moving

 h '1 No heat
drop

V1 V2

(b) Impulse turbine stage
V = Vr1 r2

Vr1 Vr2

 hf

 hm

h

S

p1

p2

p3

Saturation line

Vw2

u

Vw1

Vf2

Vf1

   

Vr1V1Vr2

V2

Q
M

P
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R D
Enthalpy drop over moving blade
Total enthalpy drop in the stage

 R D


 
h

h h
m

f m

  h m
V Vr2

2
r1
2–

2

 h hf m u V Vw1 w2( )

R D
V V

2 u V V
r2
2

r1
2

w1 w2

–
( )

sin V
V

f1

r1
 Vr1

V
sin

f1


V cosecf1 

sin V
V

f2

r2
 Vr2

V
sin

f2


V cosecf2 

V Vw1 w2

Vf1
tan

Vf1 cot

Vf2
tan

Vf2 cot

 V Vw1 w2 V Vf2 f2cot cot  V cot + cotf (  

Vf1 Vf2 Vf
Vr1 Vr2 Vw1 Vw2

R D
( (

(
V cosec – V cosec

uV cot +cot
f

2
f

f

  
 

2

2
 V cosec – cosec

uV cot + cot
f
2 2 2

f

( (

(

 

 2

 R D
V
2u cot cot

f (cot ) – (cot )2 21 1 
 

 












V
u

cot
cot

f
2

22

2

2
 
 

– cot
cot











 R D
V cot – cot cot + cot

2u cot + cot
f ( (

(
   

   V
u

cotf
2

 – cot
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( ) h = hf m

 R D
1
2
 V

2u
cot – cotf (  

 V cot – cotf (  

 V cot – cotf (  

V cot – cotf (  

   

( )V V u, N - m
kgw1 w2

( )m V V u, Wattsw1 w2

h  h hf m
V V V

2
1
2

r2
2

r1
2

2
















( – )

stage
Work done on the blade

Enthalpy in a stage
u V V

h
w1 w2( )




 D H Vm f avg , m 3

Vf avg
V Vf1 f2

2
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m  Q
v s

D H V
v

m favg

s



v s v g

v g
m
kg

3

v g

RD


  

V Vr21 

cos V
V
w1

1
 Vw1 V1 cos

cos V u
V

w2 2

r2

  Vw2 V ur2 cos –

u V Vw1 w2( ) ( cos cos –V V u)1 r2 

 u 2V u)1( cos –   Vr2 V1

V1
2

 u (2V – u)
V

V
1

1
2

1
2

cos 

 V 2uV cos
V

u
V1

2 1

1
2

2

1
2

 












V scos – s1
2 2[ ]2  s = u

V1



 



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Vf2

Vr2
V1

Vf1Vr1

Vw2 Vw1

u

  

V2

V = V1 r2
V = V2 r1
 =
 =
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K.E. supplied to
fixed blade

K.E supplied to







moving blade







h
V
2

V V1
2

r2
2

r1
2


–
2

V V V1
2

1
2

r1
2

2 2


–
( ) V Vr2 1

h V
V

1
2 r1

2
–

2

Vr1
2 V u V u cos1

2 2
1 – 2 

 h V V u V u cos1
2

1
2 2

1– ( –1
2

2 

 h
2 V V u V u cos1

2
1
2 2

1– – 2
2

 V V u cos – u1
2

1
2 2

2


 h
V u cos

V
u

V
1
2

1 12
1 2 2
 


 
















 –

 h
V

s cos s1
2

2
1 2 2[ – ]  s u

V1



 




b
Work done per kg of steam

Total energy supplied to the stage
WD

h

 b
V scos – s

V
scos – s

1
2

1
2

( )

( )

2

2
1 2

2

2





2 2
1 2

2

2
( )

( )
scos – s
scos – s




 b
2 2
1 2 2

s cos – s
scos – s

(
( )

 


 b
2 1 2 2

1 2

2

2
( ) –


scos – s
scos – s




2 2
1 2 2

–
( ) scos – s

( )1 2 2 scos – s
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d
ds

s s( cos – )1 2 2 

 2 cos – 2s

 s cos 

 bmax 2 2
1 2

–
 cos – cos2 2 

2 1 1
1

–












cos2

 bmax 2 1 1
1













cos –
cos

2

2



2
1

cos
cos

2

2













s u
V1



 




R D Dm stage  

h

D N
60

m

 1.1 1800
60

u
V1

 103.6725
V1

 V1

R D
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2 cos

1 + cos

2

2




u
V

b

1

bl

Vf2

Vr2
V1

Vf1Vr1

Vw2 Vw1

u

  

V2
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Vr2 V1

Vw1 V cos1   cos ( )16

Vw2 V ur2 cos –

cos ( )16

stage
u V V

h
w1 w2( )



 103.6725 142.3663 38.6938

h
 



 h 21.3306 103

º

R D ( h) total 70 103

Dm stage  º

D N
60

m

 1.2 1800
60

u
V1

 113.0973
V1

 V1

R D

Vr2 V1

  º
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Vf2

Vr2
V1

Vf1Vr1

Vw2 Vw1

u

  

V2
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Vw1 V cos1 

 cos ( )20

Vw2 V ur2 cos –

cos ( )20

isen
u V V

h)
w1 w2

each

( )
(




113.0973 (161.5676 38.7265)
( h)each

 


 h)each 26.3403 103

( h)
( h)

total

each




70 10
26.3403 10

3

3





 

m

   

Dm
D + D + 2H)

2
(    ( 

2
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Vf2

Vr2
V1

Vf1Vr1

Vw2 Vw1

u

  

V2
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D N
60

m    
60

Vf1 V V1 r1sin sin 

 V1  sin ( )20 V sin 35)r1  (

 V1 Vr1

V uw1 – Vr1 cos

 V cos – u1  Vr1 cos

 V cos (20) 14.39891   Vr1  cos ( )35

 0.9396 V – 0.8191 V1 r1

Vr1 V1

 Vf1 V1 sin

 31 9146 20. sin

Vw1 V1 cos

 31 9146 20. cos

Vf2 Vf1

( )Vf avg
V + V

2
f1 f2 2 Vf1

2
Vf1

Vw2
V
tan

f2


10 9154
35

.
tan ( )

v s x v g

px v gx m 3

py v gy m 3

 ( )v g
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p p
p – p

x

y

– v v
v – v
gx g

gy

–

1.70 – 1.75
1.75 – 1.8

1.0309 – v
v – 0.97718

g

g

 v g m kg3

 v s 0.935 1.004 m kg3

m v s .m 0 9387

D H Vm f avg( )

 m 0.9387   1 1 0 1 10 9154. . .

 m

( )m u V Vw w21 

 40184 143989 299899 155888. . . .  



   

V1 Vr2 V2 Vr1

R D
Enthalpy drop in moving blades

Enthalpy drop in a stage


 
h

h h
m

f m

 h m
V V

2
r2
2

r1
2

  h f
V V

2
1
2

2
2

V2

  h f
V V

2
r2
2

r1
2

Vr2 V1 Vr1 V2

 R D


 
h

h h
m

m m


h

2 h
m

m

1
2
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R D     Dm

m

D N
60
m

 0.7 3000
60

 

Vf1 V1  Vr1 

 V1 Vr1

 V1 Vr1

V uw1  Vr1 

 V1  Vr1 

 V1 Vr1

 0.9396 V 0.866 V1 r1

 V1 Vr1

Vw1 V cos1 

316.6744 cos (20)

Vf1 V1 



Vf2 Vf1
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Vw2
V
tan

f2


108.3089
tan (30)

v s v g

v g 1.159 m kg3

 v s 0.96 1.159 1.1126 m kg3

m v s 501.1126 m sec3

(v )f avg
V V

2
f1 f2

108.3089 108.3089
2


 D H (V )m f avg

   



m u (V V )w1 w2

50 109.9557 (297.5764 187.5965)  

 2667.3762 10 W3

m  

 10 W3 t l Vf

Dm

 D N
60
m
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 D 3
60
m  60 Dm

m act (1 t ) m l ( . )1 0 05 5 

m u (V V )act w1 w2

 3.5 103 4.75 18.8495 D (V V )m w1 w2  

 V Vw1 w2 39.0908
Dm

 V1 Vr2

Vf1 Vr2 Vf

Vf1 V1 

 V1  Vf1

 0.85 18.8495 Dm V sin (15)1 

 V1 Dm

V Vw1 w2 V cos V cos u1 r2  

2 V cos u1     Vr2 V1

2 61.9045 D cos (15) 18.8475 Dm m  

 V Vw1 w2 100.7428 Dm

39.0908
Dm

100.7428 Dm

 Dm

v s x v g

v g 0.8854 m kg3

 v s  0.8411 m kg3
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Dm

18.8495 0.6229

Vf1 Vf2



(V )f avg
V V

2
f1 f2 2V

2
f1 Vf1

 (V )f avg

m act v s 4 75 08411. . m sec3

 D H (V )m f avg

  0.6229 H 9.9801



V1

  V
u
f1 V

u
f2 m t l

Dm

m act (1 t ) m l

(1 0.05) 4 

Vf1 V sin1 

130 sin (20)

V
u
f1 44.4626

u



Vw1 V cos1 

130 cos (20)
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V
u
f2  V

63.518
f2

 Vf2

Vw2
V
tan

uf2



48.2736
tan (20)

63.518

(V )f avg
V V

2
f1 f2 44.4626 48.2736

2


v s x v g

v g 0.60553 m kg3

 v s 0.98 0.60553

0.5934 m kg3

m vact s

3.8 0.5934

m 3

D H (V )m f avg

 D 0.02 46.3681m  

 Dm

m u (V V )act w1 w2

3.8 63.518 (122.16 + 69.1126) 

  10 W3

D
H
m
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R D 5 10 W6 m 6 kg
kW - hr

6 5 10
3600

3 

  V1
D
H
m

Pi

Vw1 V cos1 

1.35u cos (20)

Vw2 V cos ur2  
R 50 % 0.5

V V
D

r2

 












1

1.35 u cos (20) u 

m u (V V )w1 w2

 5 106 8.3333 u (1.2685 u 0.2685 u)  



 V1

1.35 624.7978

Vf1 V1  sin

843.477 sin (20)

R D

Vf1 Vf2

Vr2 V1

(V )f avg
V V

2
f1 f2

v s x v g

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Vf2

Vr2
V1

Vf1Vr1

Vw2 Vw1

u

  

V2

D

Dm

H

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


v g 1.4281 m kg3

 v s 0.95 1.4281 1.3566 m kg3

m v s 8.3333 1.3566

m sec3

 D H (V )m f avg

  12 H H 288.4861   D
H

12m 





 Vw1

1.2685 624.7978

 Vw2

0.2685 624.7978

 V
V u

f1

w1 –
288.4861

792.556 624.7978

 

Vr1
V

sin
f1


288.4861
sin (59.8214)

Pi m
V
2

V V
2

1
2

r2
2

r1
2
















8.3333 843.477
2

843.477 333.7172
2

2 2 2
  











 Pi 5464.727 10 W3
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R D Dm 

 b ( )b max

 D N
60
m  1.35 3000

60
 

u
V1

 212.0575
V1

V1

 

Vr2 V1

Vw1 V cos1  

Vf1 V sin1  

 V
V u

f1

w1 
251.7497

176.277 212.0575

 

 

b
2s (2 cos s)

1 s 2s cos2





 

2 0.69 (2 cos(55) 0.69)
1 0.69 2 0.62
   
   9 cos (55)

 b
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( )b max 2 cos
1 cos

2

2



2 (cos (55))
1 (cos (55))

2

2



 ( )b max

 Dm 

b N th

 D N
60

m

 1.5 3000
60

 

u
V1

 235.6194
V1

 V1

 Vr2 V1

Vw1 V1 



Vf1 V1 



Vr1 V (V u)f1
2

w1
2 

111.9257 (307.5135 235.6194)2 2 
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Vw2 Vr2 



b
P

m
V
2

V V
2

1
2

r2
2

r1
2
















u (V V )
V
2

V V
2

w1 w2

1
2

r2
2

r1
2






235.6194 (307.5135 71.8941)
327.2491

2
327.242

 

 91 133.0267
2

2 2

 b

 (u)
V

th

1

 (u)
327.2491

th  (u) th

( )b max 2 cos
1 cos

2

2



2 cos (20)
1 cos (20)

2

2



( )b max b

b

 




93.7877 – 90.9939
90.9939
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(u) th
 D N

60
m th

 1.5 N
60

th

 Nth

R D V1

  Vf m 9000
3600

b 

R D

Vf1 Vf2 Vf

(V )f avg
V V

2
f1 f2 Vf

Vr2 V1

   

Vf1 V sin1 



Vw1 V cos1 



Vf1 


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v s x v g

v g 0.6684 m kg3

 v s 1 0.6684 0.6684 m kg3

m v s 2.5 0.6684

m sec3

 D H (V )m f avg

  D 0.04 30.7818m  

 Dm

D N
60

m

  0.4319 N
60

 



Vw2 V cos ur2  

90 cos (20) 41.0424 

m u (V V )w1 w2

2.5 41.0424 (84.5723 43.5299)  

 13.144 10 W3

 V
V u

f1

w1 
30.7818

84.5723 41.0424

 

Vr1
V

sin
f1

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30.7818
sin (35.2657)

b
P

m
V
2

V V
2

1
2

r2
2

r1
2
















13.144 10

2.5 90
2

90 53.3139
2

3

2 2 2


  











 b

 (V V ) uw1 w2



 

Ft R D m  

0.25 V
2

r1
2 0.25 V

2
2
2

 stage b ( )b max

F ut 

  103

R D

Vw2 V uw1 

Ft m (V V )w1 w2 m (V V u)w1 w1 

 8 (V V 100)w1 w1  

 Vw1
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 Vw2 V uw1 

V1
V
cos

w1


125
cos (20)

Vf1 V sin1 



Vr1 V (V u)f1
2

w1
2 

45.4962 (125 100)2 2 

R D

Vf2 Vf1

V2 Vr1

Vr2 V1

( h)fixed ( h)moving

0.25 V
2

2
2


V
2

0.25 V
2

2
2

2
2


0.75 V

2
2
2

 isen

V
2
1
2

isen

V
2

0.75 V
2

( h)

1
2

2
2

fixed




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

133.0222
2

0.75 51.9124
2

( h)

2 2

fixed

 



 ( h)fixed J kg

h ( h) ( h)fixed moving 

( h)fixed ( h)moving

  17.4152 103

b
P

m
V
2

V V
2

1
2

r2
2

r1
2
















120 10

8 133.0222
2

133.0222 51.9124
2

3

2 2 2


  











 b

stage
P

m h

120 10
8 17.4152 10

3

3


 

 stage

( )b max 2 cos
1 cos

2

2



2 (cos 20)
1 (cos 20)

2

2



 ( )b max
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T1 m  R D stage

Dm

  V1 p2 T2

 D N
60
m

 1.05 3200
60

 

R D

 

u
V1



 175.9291
V1

 V1

Vf1 V sin1 



Vw1 V cos1 



R D

Vw2 V uw1 

 

Vw2

 

m u (V V )w1 w2
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 

  10 W3

stage
P

m h

 3714.1257 10
120 h

3
 

   10 J kg3

p1
T1



p2 T2

  V1 m



Vw1 V1 cos

Vr2 V1

Vw2 V cos – ur2 

 Vw2

m (V + V ) u
1000

w1 w2


1(1.3154 u + 0.3154 u) u

1000


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S

h

2

T21

p2

p = 100 bar1

T = 550ºc1

Vf2

Vr2
V1

Vf1Vr1

Vw2 Vw1
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V1

Vf1 V1 sin

Vw1 V1 cos

tan V
V – u

f1

w1

102.7
282.2 – 214.5

 



m 1000
3600

V1    

Vf1 V sin1 

Vw1 V cos1 
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tan
V

V u
f1

w1 












410.42
1127.63 400



 




 

   

Vr1

V

sin
f1


410.42
sin(29.43)

Vr1

V

V
r2

r1

Vr2

Vw2 (V cos u)r2  

(668.24 cos(29.43 400)

Vw2

FT m (V V )w1 w2

0.278 (1127.63 182)

m (V V ) uw1 w2 

(262.885) 400

( )b

P

m V1
2 1

2

2 105.154 10

0.287 1200
100

3

2
 











 



   

cos 

sin 

tan














tan




 



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  


V
V

f2

r2

Vr2
V

sin
f2


83.71
sin ( )


V
V

r2

r1


V
K
r2

sin
V
V

f1

r1

Vf1 Vr1 sin

tan




Vw1

tan



 




 



cos


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(i) Throttle governing (ii) Nozzle governing

(iii) By-pass governing (iv) Combination of above

Centrifugal governor

Maximum
speed

Minimum
speed

Differential level

Hand wheel

Oil pump

Pilot
piston

Full load

No load

Relay
piston

Cylinder

Pipe to
close valve

Pipe to
open valve

Steam
from
boiler

Gearing

Oil return Balanced
throttle valve

Steam to
turbine

Turbine shaft
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p1 p2
h1 h 2 h 3 h 4

N1 N 2 N 3

V1

V2 V3
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 4.1  Introduction 

 Cogeneration power plant is used to generate continuous useful energy. 
 The obtained useful energy in the form of mechanical or electrical energy. 
 This cycle is also called as combined heat and power (CHP). 
 This cycle has about 85 % of overall efficiency. 
 The cogeneration power plant produces more electricity compared to combined power plant. 
 The cogeneration can be calculated as, 

 C = 
E + H

 Q  = 
E + H
 H.S.  

where,   E = Electrical energy generated 
 H = Heat energy generated 
 Q = Total heat supplied 
 Effectiveness of co-generation power plant. 

  = 
WT + H.S.

 (H.S.)1
 = 

WT + QS

 QS1
 

 4.2  Block Diagram of Cogeneration Power Plant 

 

Fig. 4.1 

 4.3   Working Principle of Cogeneration 

 From above figure, the condensed water is transferred to the feed water heater with the help of pump 1. 
 The partial steam extracted from the turbine is mixed with liquid entering the feed water heater where 

heat transfer occurs from steam to liquid. 
 Now, homogeneous mixture is entered into the mixing chamber where the mass from the process 

heating also enters, again heating of homogeneous mixture takes place. 
 With the help of pump-1 this available mass is pumped to the boiler, the generation of steam takes place. 
 This high pressure and temperature steam now transfer to turbine where adiabatic expansion takes place. 
 This cycle will repeat in same way. 
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 4.3.1  T-S Diagram of Cogeneration Power Plant 

 

Fig. 4.2 

 4.4  Solved Numericals 

Ex. 4.1 :  In co-generation steam power plant the boiler generates steam at 50 bar and 400 °C, which is supplied to 
turbine for expansion steam at 5 bar is extracted from a turbine for a process heating and remainder continuous to 
expand upto a condenser pressure of 0.05 bar. Determine : i) Power output in turbine  ii) Process heat utilize in 
kJ/kg;   iii) Reg 

Sol. :  Given data : 

 pb = 50 bar;   pi = 5 bar    pc =  0.05 bar;   Tsup = 400 °C 

 

Fig. 4.3 

p ts hf hfg hg sf Sfg Sg 

50 263.9 1154.5 1639.7 2794.2 2.921 3.053 5.974 

5 151.8 640.1 2107.1 2747.5 1.860 4.959 6.819 

0.05 32.90 137.8 2423.8 2561.6 0.476 7.920 8.396 
 h1 = hf = 137.8 kJ/kg 

 h2 = 



pi – pc

 10  + h1= 138.295 kJ/kg 

 h3 = hf = 640.1 kJ/kg 

 h4 = 



pb – pi

 10  + h3 = 644.6 kJ/kg 

 h5 = hg + Cps(tsup – ts) = 2794.2 + 2.1 (400 – 263.9) = 3080.01 kJ/kg 
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 S5 = S6 

 Sg + Cps ln 






tsup

 ts
   = Sf + x6  Sfg 

 5.974 + 2.1  ln 



673

 536.9   =  1.860 + x6  4.959 

 x6 = 0.925 

 h6 = hf + x6  hfg = 2589.445 kJ/kg 

 S6 = S7 

 Sf + x6 Sfg   =  Sf + x7  Sfg 

 1.860 + 0.925  4.959 = 0.476 + x7  7.920 

 x7 = 0.753 

 h7 = hf + x7  hfg = 1962.9214 kJ/kg 

 m1 = 
h3 – h2

 h6 – h2
 = 0.2047 kg/kg of steam 

 WT = (h5 – h6) + (1 – M1) (h6 – h7)  

  = 988.839 kJ/kg 
 H.S. = h5 – h4 = 2435.41 

i) Wnet = WT – WP = 983.9454 kJ/kg 

ii) Process heat utilize   = m1 (h6 – h3) = 398.95 kJ/kg 

iii) Reg = 
Wnet

 H.S. 

  = 
WT – WP

 H.S.  = 40.40 % 

Ex. 4.2 : In cogeneration steam power plant boiler generates steam at 60 bar and 450 °C, which supply to turbine for 
expansion steam at 6 bar is extracted from a turbine for a process heating and remainder continues to expand upto a 
condenser pressure of 0.5 bar. The mass flow rate of steam is 15 kg/s. If the amount of steam extracted for process 
heating is 5 kg/s. Which is condense at 6 bar from the process reheater. Find the following :  
i) Power output in turbine  ii) Process heat utilize in kW;   iii) Reg    iv) Specific steam consumption,   v) Work ratio 

vi) Heat rejected in kW. Neglect the pump work. 
Sol. :  Given data :  
 pb = 60 bar ;   pi = 6 bar ;   pc =  0.5 bar ;   Tsup = 450 °C 

 Total mass of steam = 15 kg (turbine) 

 M1 = 5 kg (process heating) 

 m2 = (15 – M1) 

  = 10 kg (condenser) 
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Fig. 4.4 

From steam table, 
 

p ts hf hfg hg sf Sfg Sg 

60 275.6 1213.7 1571.3 2785.0 3.027 2.863 5.890 

6 158.8 670.4 2085.1 2755.5 1.931 4.827 6.758 

0.5 81.35 340.6 2305.4 2646.0 1.091 6.504 7.595 

  

 h1 = hf = 340.6 kJ/kg 

 h2 = 



pi – pc

 10  + h1  =  



6 – 0.5

 10  + 340.6 = 341.15 kJ/kg 

 h3 = hf = 670.4 kJ/kg 

 h4 = 



pb – pi

 10  + h3 = 



60 – 6

 10  + 670.4 = 675.8 kJ/kg 

 h5 = hg + m Cps(Tsup – tsat) 

  = 2785 + 1  2.1  (450 – 275.6) = 3151.24 kJ/kg 

 S5 = S6 

                                Sg + m Cps ln 






Tsup

 tsat
  =  Sf + x6 Sfg 

                 5.890 + 1  2.1  ln 



723

 548.6   =  1.931 + x6  4.827 

 x6 = 0.9402 

 h6 = hf + x6 hfg 

  = 670.4 + 0.940  2085.1 =  2630.394 kJ/kg 

 S6 = S7 
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                                                 Sf + x6 Sfg  =  Sf + x7  Sfg 

                             1.931 + 0.942  4.827  =  1.091 + x7  6.504 

 x7 = 0.8282 

 h7 = hf + x7 hfg 

  = 340.6 + 0.8282  2305.4  =  2249.93 kJ/kg 

 H.S. = (h5 – h4)  15  = 2475.44 kJ/kg 

i) WT = 15 (h5 – h6) + (h6 – h7) (15 – M1) = 11617.33 kW 

ii) H.S. = (h5 – h4)  15  = 37137.6 kW 

v) Wratio = 
Wnet

 WT
 = 1 

iii) Reg = 
WT

 H.S. = 
11617.33
 37131.6   = 31.28 %  (Neglect the pump work) 

vi) H.R. = (h7 – h1)  10 = 19093.33 kW 

 H.V. = (h6 – h3)  M1 = 9799.97 kW 

iv) S.R. = 
3600
 WT

 = 0.8098 kg/kW.hr 

Ex. 4.3 :  In a co-generation plant, 25 kg/sec steam enters turbine at 40 bar and 400 ºC. 20 % of steam is withdrawn 
for process heating at 3 bar and remaining to expand in turbine up to condenser pressure of 0.08 bar. Neglect pump 
work. Represent cycle on T-S diagram. Find : 
i) Thermal efficiency of cycle      ii) Capacity of power plant in MW    iii) Effectiveness of cogeneration. 
Neglect pump work. 
Sol. : Plotting 4, 5 and 6 points on h-S diagram 

 

 

Fig. 4.5 
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Plotting 4, 5, and 6 points on h-s diagram 
 h4 = 3210 h5 = 2640 
 h6 = 2130 

Also from steam table : 
At 0.08 bar, hf1 = h1 = 173.9 kJ/kg 

and at 3 bar, hf7 = h7 = 561.5 kJ/kg 

i) Thermal efficiency of cycle : 

 Turbine work, WT = m (h4 – h5) + ( m – 5) (h5 – h6)  

  = 25 (3210 – 2640) + (25 – 5) (2640 – 2130) 

 WT = 20400 kJ/sec. 

Process heat energy utilised : 

 Qs = ms (h4 – h5 ) = 5 (2640 – 561.5) 

 Qs = 10392.5 kJ/sec. 

Let "h3" is the enthalpy of feed water after mixing the condensate of condenser and process heater. 

By heat balance, 

 25  h3  = 20  h1 + 5 h7  

 25  h3  = 20  173.9 + 5  561.5 

 h3 = 251.42 kJ/kg 

 Rate of heat supplied in boiler, 

 Qs1 =  25 (h4 – h3) = 25 (3210 – 251.42) 

  Qs1 = 73964.5 kJ/sec. 

 Cycle efficiency,  = 
WT

Qs1
 = 

20400
73964.5  

  = 27.58 % … Ans. 

ii) Capacity of power plant : 
 P = WT = 20400 kW 

 P  =  20.4 MW … Ans. 

iii) Effectiveness of co-generation : 

  = 
WT + Qs

Qs1
  = 

20400 + 10392.5
73.964.5   

  =  41.63 % … Ans. 
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h h
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(h )fg

 h fg1 h hg1 f1

 S1 s x sf1 1 fg1

Sfg1 s Sg1 f1

h f

h h
1 f3

2 1





p p 60 bar2 3  h 322.58 kg / kgg1 

S 1.2464 kg kg Kg1
 p p 25 bar1 4 

h h = 293.39 kg / kgg2 2 S = S 1.0332 kg kg K2 g2 

T T 295 K2 3  h h = 151.96 kg / kgf3 4

S 0.226 kg kg Kf1  T T 261 K1 4 

h 56.32 kg / kgf1 

S1 S + x Sf1 1 fg1

S1 S x (S S )f1 1 g1 f1  S S Sfg1 g1 f1 

0.226 x (1.2464 0.226)1 

S1 0.226 1.0204 x1

S2 Sg2

 S1 S2

Sg2

0.226 1.0204 x1

 x1

h1 h x hf1 1 fg1

h1 h x h hf1 1 g1 f1 ( )
h h hfg1 g1 f1 

h1

h1

h f

h h
1 f3

2 1





266.93 151.96
293.29 266.93



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h h1 f3

 m R.E. 7 11497 .

 804.79
210

 S1 S2

 S + x Sf 1 1 fg1 Sg 2

Sfg1 (S – S )g1 f 1

 S x (s – S )f l 1 g1 f 1 Sg2

– 2.134 + x (5.0585 – 2.134)1

 x1

h1 h x (h – h )f 1 1 g1 f 1

h 2 h g2

h 3 h f 3

 h 3 h 4

h h1 4–

WC h h2 1–

Refrigerating effect
Work

1096.18
122.79

C (20 – 0) + Latent heat of icePW

30 1000
24 60 60


 
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Actual heat extracted / sec
Actual work / sec

145.39
5.348

h 2

h h
h h

1 f3

2 1




S1 S
x h

Tf1
1 fg1
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

T1 T 5 ºC 268 K4    h f1

T3 T 5 ºC 298 K2  2 h fg1

x1 Sf1

(COP)relative Sf2

h f2

Cp w h f2

(h )fg ice

S1 S2



S
x h

Tf1
1 fg1

1
 S

x h
Tf2

2 fg2

2


  0.042 0.6 245.2
(268)

0.251 x 121.34
(298)

2 

 x 2
(0.507 0.251)

0.407


x 2

h1 h x hf1 1 fg1



h1

h 2 h x hf2 2 fg2



h 2

Refrigerating effect
Work done

h h
h h

1 4

2 1




h h
h h
1 f 3

2 1




139.6 81.17
157.6 139.6




(COP)relaive
(COP)

(COP)
actual

theoretical

(COP)
3.24

actual

 (COP)actual 0.45 3.24

(COP) m(h h )actual 2 1 [ ]

1.458 [9(157.6 139.6)] 

236.19 60 24 

1 C (15 0) (h )p w fg ice  

1 4.18(15) 335 

340122.2
397.7 1000
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hf hg Sk Sg

x1

S x Sf 2 2 f g2 S x Sf1 1 fg1

x 2

x 2

h1 h x hf1 1 fg1

h 2

h 3

h 3 h 4

h – h1 4

WC h – h2 1

R.E.
Work done

653.21
93.12

C (15 – 0) + Latent heat of icePw

6.4
60

69.67
398.8

0.1747 24 3600
1000
 
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h 2   h C (Degree of superheat)2 p

h 2     h C (T T )2 p 2 2

Refrigerating effect
Workdone

h h
h h

1 f3

2 1




h 2    h C (T T )2 p 2 2

(T )2

S2  




 


S 2.3 C log T

T2 p
2

2

T and T2 2

Q
h h2 f3

Q
h h1 f3

m v1

m(h h )kW2 1

h h1 f3

h h
h h

1 f3

2 1




h1 S1 S2

h 2 S2

h f3 Sf 3
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4

2'
T2

S = S1 2

T = T3 2'

T = T1 4p = p1 4

p = p2 3

4

23

1

p

h

2'Cond.
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h f1 Sf 1

S2  




 


S C log T

T2 P
2

2
2 3.

1 2.3 C log 343
318P.587  


 




CP

h 2   h C (Degree of Superheat)2 P

  h C (T – T )2 P 2 2

h h
h h

1 f3

2 1

–
–

4 1
5 4

60 7 33
07 60 7

. –
– .

C p

h f hg s f sg

T1 T4

T3 T2

200 10
3600

3

h g1 h1

h 2

h f 3

Sg1 S Sg1 1

Sg2 S Sg2 2 

Cp

Q
h h1 f3

55.55
193.8 84.9
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S

1

2
3

4
p = p1 4

p = p2 3

4

23

1

p

h

2' 2'
343 K
318 K

263 K

S = S1 2

T

S

1

23

4
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 S S1 2

 S2 S 2.3 C log T
T2 p

2

2





 




0.6797 2.3 0.8 log T
323

2  

 




log T
323

2

 




0.6902 0.6797
2.3 0.8




log T
323

2

 




T
323

2

 




 T2

m(h h )2 1

h 2

h 2    h C (T T )2 p 2 2

Refrigerating effect
Power used

55.55
8.21

Vg
m kg3

hf
( kJ kg )

hg
( kJ kg )

s f
( kJ kgK)

sg
( kJ kgK)

25 3.52 vol

T1 T4 Cp

T3 T2

h1 h g1 S1 Sg1

h 2 h g2 S2 Sg2

h 3 h f3 h 4
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4

2'
T2

S = S1 2

T = T3 2'

T = T1 4

p = p
15.57
2' 3

p = p
3.55
1 4 4
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p

h
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Q
h h1 f 3

88
(1456.1 390.6)

S1 S2

S2  




 


S 2.3 C log T

T2 p
2

2

 log T
313

2

 




5.6856 5.1558
(2.3 2.1897)




log T
313

2

 




log T
313

2

 




T
313

2

 




 T2

h 2    h C (T T )2 p 2 2

h 2

Q
W

88
m(h h )2 1

88
0.0825 (1678.23 145.1)

Qcondensor m (h h )2 3

m s1 v  m sec3

 
4

D L N
60

no.of cylinder2
vol   
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
4

D (1.10) 350
60

2    0 7 4.

D3 2.0197 10 3 

 

h1 h g

2 352 . h 2

h 3 h f3 h 4

T1 T4 12 ºC S1

T3 T2 50 ºC S2

Cp

 S1 S2

S2  




 


S 2.3 C log T

T2 p
2

2

 log T
323

2

 




1.7215 1.7078
2.3 1.218




log T
323

2

 



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p
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323 K
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S
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log T
323

2

 




T
323

2

 




 T2

 h 2 h 2   C (T Tp 2 2 )

h 2

h h
h h

1 4

2 1




405.51 271.59
428.07 405.51




m Q
(h h )1 f3

m 7.04
(405.51 271.59)

m

m(h h )2 1

 Power
2TR

1.184
2

0.592 kW
TR

h 4 h x (h h )f4 4 1 f4 

h f4

x 4

x 4

º C

T3 T2 h1

T1 T4 h 2

hf 3 h 4

15 3.52 v s1

Q
h h1 f3

Q
h h1 4

 52 8
351 238

.
( )

m v s1 0.467 0.55

m sec3

 V
15

 0.256
15

m sec3

m(h h )2 1
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8.873 10
746

3

11.894
15

m(h h )2 3

(COP)cycle
h h
h h

1 4

2 1




351 238
370 351




(COP)carnot
T

T T
1

2 1
( )

( ) ( )
0 273

40 273 0 273


  

h kJ kg1 1832 . V m kg1
300767 .

h kJ kg2 2226 .
V m kg2

3000164 .

h kJ kgf 3 84 9 . V m kg3
3000083 .

vol

 
4

D L N2
vol  


4

2D  L

1.5 1000 10 6   m stroke3

m rev3

0.0015 1650 0.8 

m3 min

Compressor discharge
v1

1.98
0.0767

m(h h )2 1

m(h h )1 4



T1 T4

T3 T2

h1
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h
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h 2

h f3 h 4

m(h h )1 4

 1.033 10 3  kg sec

m(h h )2 1 1.033 10 (1785 1418)3 

h h
h h

1 4

2 1




1418 450
1785 1418




C

TE  16 273 TC 50 273

h f h fg hg s f s fg sg

16

h 1 hg

h 2 T2

S1 S2

Sg S c log
T
Tg pg e

2

2'
  





2.8 log
T

50 273e
2








2.8 log T
323e

2





log T
323e

2





T2 T2 C
 h 2 h c [T T ]g pg 2 2  

[155.35 50]

h 2

h 3 h 4


m (h h )1 4 1(1425.28 107.83)
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1

p

h

2'
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3 2

4 1

p

h S

h

3

4 1

2
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m (h h )1 4 m RE
(h h )1 4

1
(1425.28 107.83)

m 7.590 10 4 

 m (h h )2 1 7.590 10 4  (1769.9 1425.28)

RE
Wc

(h h )
(h h )

1 4

2 1




(1425.28 107.83)
(1769.9 1425.28)




A F12


0C.

F12

C
hf hg S t SR

K
















1

Refrigerating effect
Work done

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

T

S

3

2

1
4

50 °C

0 °C

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net



h h
h h
1 f 3

2 1




h1    h C (T T )1 p 1 1

h 2    h C (T T )2 p 2 2

S1  




 


S 2.3 C log T

T1 p
1

1

S2  




 


S 2.3 C log T

T2 p
2

2

(Q)reject m(h h )2 3

(kJ kg) (kJ kg)

p2 p3 h f1

p1 p4 h fg1
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T2
T = T3 2'

T

S

1

2
3

4 1'

2'

Superheating

Superheating

p = p2 3

p = p1 4

h1'

4

23

1

h = hf3 4 h1 h2

p

h

2'
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T2 h fg2

T T1 1  h f3

T1

T2

h1 h1   C (T T )p 1 1

h1

h1   h hf1 fg1

h1    h C (T T )1 p 1 1

h1

h 2    h C (T T )2 p 2 2

h 2   h hf2 fg2

h 2

h h
h h

1 f3

2 1




188.23 56.15
214.6 186.97




T1 T4 h 3
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2.1 bar
4

23

1

p

h

2'
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266 K
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T2 T3 h1

h 2

c

m(h h )
3.5
1 4 0.083(200 78)

3.5
 (h h )3 4

m(h h )2 1

c




0.083(238 200)
0.90


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Exp.

Evap.

Comp.

h1 h2

Cond.

4

23

1

p

h

Subcooling

3' 2'
T2

T3'

T3

T = T1 4

T

S

1

2

3

4

3' 2'

1'

p = p2' 3

p = p1 4 4

23

1

p

h

2'

T

S

1

2
3

4 1'
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h h1 f3 h h1 4

h f3

h f3   h Cp (Degree of subcool)f3

 h f3     h C (T T )f3 p 3 3


h h
h h
1 f 3

2 1




h 2    h C (T T )2 p v 2 2

h 3    h C (T T )f3 p 3 3l ( h h )3 f3

S2  




 


S 2.3 C log T

T2 p v
2

2

m(h h )2 1

m(h h )1 4

R.E.
W.D.

(h h
(h h

1 4

2 1




)
)

vol
CPl CPv

Vg m kg3 h f hg S f Sg

T1 T4 h1 h g1
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T3 T2 h 2 h g2

T2 h F3

T3

vol CPl CPv

h 2   h C (T – T )g2 Pv 2 2

h 2

h 3  h C (T – T )f3 P 3 3– l

h 3

R.E.
Work done

h – h
h – h

1 4

2 1

h – h
h – h

1 3

2 1
h 4 h 3

458.7 – 118.04
524.28 – 458.7

 
4

D L N
60

2
vol  

4
(0.085) 0.085 750

60
0.822    4.943 10– 3 m sec3

V
Vg1

4.943 10
0.24

– 3

m (h – h )1 4

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

371 K
313 K

305 K
258 K

S = S1 2

4

23

1
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h
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CPl CPv

h f hg S f Sg

T1 T4 h1 h g1

T3 T2 S1

T3 h f3

CPl Sg2

T2 º

 S1 S2

CPv

CPv

S2    




 


S 2.3 C log T

T2 Pv
2

2

S1 S2

 1.587 2.3 C log 375
318Pv   


 




CPv
1.762 – 1.587

0.165
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375 K
318 K

308 K

263 K

p = p3 2

p = p1 4

h = h3 4 h1

4

23

1

p

h

3' 2'

T

S

1

2

3

4

3' 2'
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h 2   h C (T – T )2 Pv 2 2

h 3

h 3  h C (T – T )f3 P 3 3– l

 h 3 h 4

h – h
h – h

1 4

2 1

460.7 – 149.2
538 – 460.7

m kg3

h1

T3 T2 S1

T1 T4 S2

h 2

T3 h f3
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308 K

301 K

263 K

S = S1 2h1

4

23

1

p

h

3' 2'
T2

T

S

1

2

3

4
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 S1 S2

S2   




 


S 2.3 C log T

T2 Pv
2

2

 5.2086 2.3 2.903 log T
308

2  

 




5.755 – 5.2086
2.3 2.903

log T
308

2

 




log T
308

2

 




T
308

2

 




T2

h 2   h C (T – T )2 Pv 2 2

h 3  h C (T – T )f3 P 3 3–

Q
h – h1 3

Q
h – h1 4

60
1450.22 – 334.178

m (h – h )2 1


4

D L N
60

(Specific) volume2   


4

D 1.2 D 1000
60

0.4174772   

D3 0.04517 4 60
1.2 1000 0.417477

 
  


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v

CP l CPv

m3

p1 p4

v p2 p3 T3

T1 T4 T2 T3 1 2 h f 1

h f 3 h1 h 2 Sf 1 Sf 3

S1 S2 S2 CP l CP v

(m )R

RPM no. of

 / 4 D LN 22   / 4 (0.16) (0.15) 250 22   

1.508 m / min3

m V 1 /R 1 v   m 0.5098 1 / 0.79R   0.6453 m R

m R
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h f 3 hf – C (T – T )3 P 3 3
 

l

m (h – h )R 1 f 3

S2 S 2.3 C log T
T2 P v

2

2

 




 




T
T

2

2

T
T

2

2

T2  T 1.2272

h 2   h C (T – T )2 P v 2 2

h – h
h – h
1 f 3

2 1

 h1 h x hf1 1 fg1
h1 h x (h – h )f1 1 g1 f1

 S1 S x Sf1 1 fg1
S1 S x (S – S )f1 1 g1 f1

 h1 h x hf1 1 fg1
h1 h x (h – h )f1 1 g1 f1

 h2 h x hf2 2 fg2
h2 h x (h – h )f2 2 g2 f2

 S1 S
x h

Tf1
1 fg1

1


 S2 S
x h

Tf2
2 fg2

2

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 h2   h C (T – T )2 P 2 2

S2   


 


S 2.3 C log T

T2 P
2
2

 h1   h C (T – T )1 P 1 1
 h2   h C (T – T )2 P 2 2

 S1   


 


S 2.3 C log T

T1 P
1
1

 S2   


 


S 2.3 C log T

T2 P
2
2

 h2   h C (T – T )2 Pv 2 2
h3   h C (T – T )f3 P 3 3l

S2   


 


S 2.3 C log T

T2 Pv
2
2
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p 1
p 2 T1 T2

V 1
V 2

T T2 3

p 2 p 3
V 2 V 3

Q2-3 T S – S2 33 ( )

Q2-3 T S – S2 32 ( ) T T2 3

p to p3 4 T to T3 4

V to V3 4

T = T1 4

p to p4 1
( )T T1 4

V to V4 1

Q4-1 T S – S1 44 ( )

T S – S2 34 ( ) T S – S2 31 ( )
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p3
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p4
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T = T1 4
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T S – S T S – S2 3 1 2 32 ( ) – ( )

( )T – T2 1 ( )S – S2 3

Heat absorbed
Work done

T (S – S )
(T – T ) (S )

1 2 3

2 1 2 – S3

T
T – T

1

2 1

(COP)H.P. (COP ) 1R  T
T – T

1

2 1
 1

(COP)H.P.
T

T – T
2

2 1

(COP)H.E.
1

( COP )H.P.

(COP)H.E.
1

T
T – T

2

2 1

(COP)H.E.
T T

T
2 1

2

–

 H.E. H.E.or (COP) Work done
Heat supplied

(COP)H.E.
Q Q

Q
2 1

2

–

( )Q 1
( )T1

( )T 2

(COP)R
Q

Q – Q
1

2 1

( )Q 2

(COP)HP
Q

Q – Q
2

2 1
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R
Q1

WRRefrigerator

TH

TL Cold body

Hot body

T < TL H

Q = Q W2 1 R

P
Q1

WP

TH

TL Cold body

Hot body

Q = Q W2 1 P

Heat
pumpE

Q2

Q1

WE
Heat

engine

TH

TL
Cold body

(Low temp.)

Hot body
(High temp.)
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 3

(COP)ref.
T 3 ºC2  

T1

T1

(COP)ref.
T

T T
2

1 2

 270
T 2701 

 T1

(COP)ref.
Q
W

Work output
Work input

2 

(COP)ref.
Refrigerating effect

Input power

 Refrigerating effect
7500



T1 Q1

Wnet T2 Reservoir -1( )

T2 Reservoir - 2)(

E Q2

E 1 – T
T

2

1
1 – 600

700

E 1 – T
T

2

1
1 – 500

700

(Q )2

Wnet Q Q1 2–

 Q2 Q W1 net–

 Q2
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Q2

Q1

W

T1 = 700 K

T2 = 500 K

Q2
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W

T1 = 700 K
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T1

T2

Q1 25 10 W3

Wnet

T
T T

2

1 2–

293
3 200 73–

Q1 25 10 W3

Q
Q Q

1

1 2–
Q

Wnet

 Wnet
Q
Cop

1 25 10
10.11

3

Q2

Q1 (Cop HP)
e

(COP)R

(COP)R
Q
W

2 650
250

(Q )1

Q1 W + Q2

(COP)HP
Q
W

1 900
250

e

e
W
Q1

250
900

28 

T 28 º C2 
Carnot 0.3 Q2 kJ min

T1

T1

Carnot 1 T
T

2

1


 1 301
T1



 T1
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Heat sink
T2
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Q2

WHeat
engine

T = 300 K1
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Carnot 1 Q
Q

2

1


 1 1050
Q1



 Q1 1500 kJ min

W Q Q 1500 10501 2   

 450 kJ min 7.5 kJ sec



25  10 

30 %

T1

T2

Q1

(COP)actual (COP)Carnot

(COP)Carnot hp
T

T T
1

1 2

298
298 283

(COP)actual hp  (COP)Carnot hp



(COP)heat pump
Q

Q Q
Q
W

1

1 2

1




 25
W

T1
T2 Q1

Q2 Carnot

Carnot 1 T
T

1 298
498

2

1
  

 Carnot
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Carnot
Q Q

Q
W
Q

1 2

1 1

 

 W
40



Q Q1 2

 Q2

 Q2

Carnot

T1
T2 Q1

Q2 Carnot (COP)hp

(COP)ref.

Carnot 1 T
T

1 303
503

2

1
  

 Carnot

Carnot
Q Q

Q
W
Q

1 2

1 1

 

W
450



Q Q1 2

 450 Q2

 Q2

(COP) and (COP)hp ref.

(COP)hp
Q
W

Q
Q Q

450
450 270.9

1 1

1 2







 (COP)hp

(COP)ref.
Q
W

Q
Q Q

2 2

1 2



270.9

450 270.9

 (COP)ref.

T2

T1 (COP)inv.

(COP)ref.

(COP)ref.
Q

Q Q
T

T T
2

1 2

2

1 2




 (COP)ref.
268

301 268
8.121




 (COP)ref. (COP)inv.
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T1

T2

(COP)A (COP)T

Q1 100 3.5 350 kW 

(COP)T
Q

Q Q
T

T T
1

1 2

1

1 2




 (COP)T
303

303 233
4.33




(COP)A 0.1 (COP)T

 (COP)A 0.1 4.33 0.433 

(COP)A
Q

Q Q
Q
W

1

1 2

1




 350
W



30 10
60

kJ
sec.

3

T1
T2 ( )A 0.25 ( )T

Q1

Carnot
Q Q

Q
T T

T
1 2

1

1 2

1

  

 Carnot
693 303

693
0.563 56.3 %  

A Carnot 0.25 0.563

 A

A
Q Q

Q
W
Q

1 2

1 1

 

 500
Q1

 Q1 3546.1 kJ sec. 3546.1 kW
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 23
27 

T1

T2

Q2 kJ hr 20000
3600

kJ
sec.

5.55 kW 

(COP)T (COP) Q
Q QCarnot

2

1 2




T
T T

250
300 250

2

1 2




 (COP) Carnot

(COP)Actual
Q

Q Q
Q
W

5.55
1

2

1 2

2


 

 (COP)Actual

T1 T2

T1 T2
 1 T

T
2

1
 

  T T 252 2  T T1 1

T1 T2

T1 T2

 0.3 1 T
T

2

1
 

 0.35 1 T
T

2

1
 




 1 (T 25)
T

2

1
 

 


0.35
0.3

1 (T 25)
T

1 T
T

T T 25
T T

2

1

2

1

1 2

1 2

 

 

 




  


 T T 25
T T

1 2

1 2

 


 1.167 T 1.167 T1 2 T T 251 2 

 T1 0.167 T 252 

 T1 T 149.72 

 1 T
T

1 T
(T 149.7)

2

1

2

2
  



 T
T 149.7

2

2 
1 0.3 0.7 

 T2

T1 T 149.7 349.3 149.72   

 T1

600  40 

40   20

T1
T2

T3
T4 T2 Q 2000 kJ, W 360 kJ1 1 

A 0.4 and (COP) 0.4 (COP)T A T 

W W1 2
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T 1 T
T

2

1


 T 1 313
873



 T

T
W
Q1

 W
2000



W2

 W2

T
W
Q

Q Q
Q

1 Q
Q1

1 2

1

2

1
   

 1 Q
2000

2

 Q2

(COP)ref.
Q
W

Q
Q Q

T
T T

3

2

3

4 3

3

4 3







 (COP)ref.
253

313 253
4.22




(COP)ref.
Q
W

3

2

 Q
923

3

 Q3

W2 Q Q4 3

 Q 3895.064 

 Q4



Q Q2 4 717 4818.06

A T 0.4 0.6415 0.2566 

A 1 T
T

1 Q
Q

2

1

2

1
  

 1 Q
2000

2

 Q2

A
W
Q1

 W
2000

 513.2 kJ

W W1 2

 360 W2

 W2

(COP)A (COP) 0.4 4.22 1.688T   

(COP)A
Q
W

3

2

 Q
153.2

3

 Q3

W2 Q Q4 3

Q 258.64 

 Q4
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T3T2
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Q3Q2
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Q1
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 Q Q2 4 1486.8 411.8

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

R
ef

rig
-

er
at

or

2
1 4

3

C
oo

le
r Ex

pa
nd

er

C
om

pr
es

so
r

1
2

C
oo

lin
g

w
at

er
ou

t

C
oo

lin
g

w
at

er
in

R
ef

rig
-

er
at

or

2
1 4

3

C
oo

le
r Ex

pa
nd

er

C
om

pr
es

so
r

1
2

C
oo

lin
g

w
at

er
ou

t

C
oo

lin
g

w
at

er
in

Br
in

e
in

Br
in

e
ou

t

3
4

3
4

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


p to p1 2 T to T1 2

V to V1 2

p = p2 3

T to T2 3 V to V2 3

QR C (T – T )p 2 3

p to p3 4 T to T3 4

V to V3 4

p = p4 1

T to T4 1

V to V4 1
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p = p2 3

p = p1 4

V3 V4 V2 V1

T2

T3
T1

T4 4
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Q A C (T – T )p 1 4

C (T – T ) – C (T – T )p 2 3 p 1 4

Heat absorbed
Work done

C (T – T )
C (T – T ) – C (T – T

p 1 4

p 2 3 p 1 4 )

(T – T )
(T – T ) – (T – T )

1 4

2 3 1 4

T
T
T

– 1

T
T
T

– 1 – T
T
T

–

4
1

4

3
2

3
4

1

4



















 1












T
T

2

1

p
p

2

1

– 1













T
T

1

4

p
p

3

4

– 1













p p2 3 p p1 4

T
T

2

1

T
T

3

4

T
T

2

3

T
T

1

4

T
T T

4

3 4–

1
T
T

13

4
–

1

p
p

13

4

– 1











 –

1

p
p

12

1

– 1











 –

COP

 

1

r 1P

– 1
 –

rP

pV n

W1
n

n – 1  p V – p V2 2 1 1

n
n – 1  R T – RT2 1

W1
n

n – 1  p V – p V3 3 4 4

n
n – 1  R T – RT3 4

n
n – 1     T – T T – T2 1 3 4–

Heat absorbed
Work done

 
    
C T – T

n
n – 1

R T – T T – T

p 1 4

2 1 3 4 –

 C – C R = C – 1P V V r

 
      

C T – T
n

n – 1
C T – T T – T

p 1 4

2 1 3 4  – –1 v
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 
      





T – T
n

n – 1
T – T T – T

1 4

2 1 3 4– –1

COP
    
T – T

n
n – 1

T – T T – T

1 4

2 1 3 4 

– –1

COP    
T – T

T – T T – T
1 4

2 3 1 4–

C kJ kg KP  1.005 C kJ kg KV  0.718

p 1 bar , p 7 bar1 2 

T 10 ºC 10 + 273 = 283 K1  
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T 20 ºC 20 + 273 = 293 K3  

C 1.005 kJ kg KP 

C 0.718 kJ kg KP 


C
C

1.005
0.718

1 .4p

v
 


T
T

2

1

p
p

2

1

– 1













T 2 T
p
p1

2

1

– 1















T 2 2 7
1

1.4 – 1
1.483  


 




T 2

T
T

3

4

p
p

3

4

– 1













2
T 4

93 7
1

1.4 – 1
1.4


 




2
T 4

93

T4

T
T T

4

3 4–
168.03

293 – 168.03

 C T Tp 1 4– k J kg
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pV 1.33 C k J kg Kp  1 

p 1.06 bar , p 8.7 bar1 2 

T 10 ºC 10 + 273 = 283 K1  

T 30 ºC 30 + 273 = 3 3 K3   0

C 1 kJ kg Kp 



pV 1 33

T
T

2

1

p
p

2

1

n – 1
n









T 2 T
p
p1

2

1

n – 1
n












T 2 2 8 7
1

1 3 – 1
1 383

06

3
3 




 







T 2

p V 1 35

T
T

3

4

p
p

3

4

n – 1
n








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2
3

4

V

T2

T4

3

4

2

1

8.7

1.06

283 K

p

S = S1 2S = S3 4

303 K

S

T
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303
T 4

8 7
1

1 3 – 1
1 3




 







06

3
3

303
T 4

T4

Wnet

Wnet W WC E–

Wnet    n
n 1

p V – p V n
n – 1

p V – p V2 2 1 1 3 3 4 4
–

    n
n – 1

R T – T T – T2 1 3 4–

C – Cp v
C
C

P

v

C v
Cp


1
1.4

kJ kg K

C Cp v– k J kg K

Wnet     1 33
1

477 – 83 303 – 179


   
33 1

0 3 11 2 72
–

–

kJ kg K

Heat extracted
Work done

 
 

C T – T

W
p 1 4

net

 1 283 179 72
85 63

– 


pV
1.25

pV
1.35

C p k J kg K Cv k J kg K

kg min
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p 1 bar p 5 bar1 2 

T 15 ºC 15 + 273 = 288 K1   T 30 ºC 30 + 273 = 3 3 K3   0

C 1 kJ kg Kp  C 0 7 kJ kg Kv  

pV 1 35

T
T

2

1

p
p

2

1

1 35 – 1
1 35












T 2 T
p
p1

2

1

1 35 – 1
1 35















T 2 2 5
1

1 3 – 1
1 3588

5

 

 







T 2

pV 1 25

T
T

3

4

p
p

3

4

1 25 – 1
1 25












303
T 4

5
1

1 25 – 1
1 25


 







T4

R.E.  C T – Tp 1 4  1 288 219 60–  kJ kg

R C – Cp v 1 0 7–  kJ kg K
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2
3

4

Volume

T2

T4

3

4

2

1

5 bar

288

S = S1 2S = S3 4

303

1 bar

S

p T
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Wnet    1 35
1

R T – T 1 25
1

R T – T1 4



 






35 1 25 12 3–

–
–

   R 1 35
0

T – T 1 25
0

T – T1 4










35 252 3–

   1 35
0

4 – 288 1 25
0

3 – 219 60


 






35

37 12
25

03– kJ kg

R.E.
Wnet

68 39
47 45




RE m (kg sec)
3.5

a 68 39 25
60

3.5

 

C
E kg hr

C kJ kg Kp  1 C kJ kg Kv  0.718

3 52 17 6 kW
p 5 bar p 20 bar1 2 

T 37 ºC 37 + 273 = 3 0 K3   1 T 7 ºC 7 + 273 = 280 K1  

 C  E

T
T

2

1

p
p

2

1

– 1













T 2

280
20
5

1 4 – 1
1 4


 






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2'3

4

V

T2

T4

3

4

2

1

20 bar

5 bar

p

4'

2
2'

4'

T1

T3
T

S
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T2 416 82 K

T
T

3

4











p
p

3

4

– 1













310
T 4

20
5

4
4


 







1 – 1
1

310
T 4

T4 208 24

 C
T – T
T T

2 1

2 1 –

 0 48 416 82 280


–
T – 2802

T 2 565 04 K

 E
T – T
T T

3 4

3 4


–

 0 48
310 – 


T

310 – 208 24
4

T 4 261 15 K

 W net     C T – T T – Tp 1 4 2 3–

    1 65 04 2 155 – 280 310 – 61 –

236 19 kJ kg

R.E.  C T – Tp 1 4

 1 280 261 15–  18 85 kJ kg

R E
W D




18 85
236 19




0 079

m R. E.r 

17 6 m 1r  8 85

m Work done
Refrigerating capacity

r 

0 2
5

  93 36 19 44 10

 COP carnot

T
T T

1

2 1–

 280
16 2 84 8 – 2 0

2 046

M J hr

C kJ kg Kp  1 005
C kJ kg Kv  0718.

p 4 bar, p 16 bar1 2 

T 5 ºC 5 + 273 = 278 K1  

T 23 ºC 23 + 273 = K3   296

125 MJ hr

125 10
3600

6 34722.2 J sec

34 72 kJ sec

Cp Cv

 
C
C

p

r

1.005
0.718

1.399 1.4

T
T

2

1

p
p

2

1

– 1













T 2

278
16
4

1 4 – 1
1 4


 







T2
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T
T

3

4

p
p

3

4

– 1













296
T 4

16
4

4
4


 







1 – 1
1

T4 198 84 K

 W net     C T – T T – Tp 1 42 3–     1.005 413.84 – 278 – 296 –198.84 kJ kg

R.E.  C T – Tp 1 4  1.005 278 – 198.84 79.55 kJ kg

R.E
W.D

79.55
38.87

T
T T

1

2 1–
278

413.84 – 278

m r

m R. E.r 

m 79. 55r  34 72

m r 0.436 kg sec.

   P Pcompressor Expander–
   

–
m C T – T m C T – Tr P 2 1

mech.comp.

r P 3 4

mech.Exp. 












 0.436 1.005 413.84 – 278
0.82

–
 











 0.436 1.005 296 – 198.84
0.87

 











72.58 – 48.93 23.64 kW
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1

3

4

V

T2

T4

3

4

2

1

16 bar

4 bar

2

296 K

S = S3 4 S = S1 2

278 K
Tp

S
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Evaporator
Low pressure

ammonia vapour

Steam
or

heating coil

Generator

Absorber

Cooling
water

Cooling
water

3

Pump

Strong
solution

Heat
rejected (QC)

Heat
rejected (Q )A

Heat
supplied

(Q )G

Heat
absorbed (Q )E

Pressure
reducing valve

Receiver

Expansion
valve

Weak solution

High pressure
ammonia vapour

Condenser
6

6

4

5

7

7

8

12

QP

Liquid
ammonia
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Cooling
water

Cooling
water

Rectifier or
dehydratorDrip

Analyser

Heating coils

Weak solution

Heat exchanger

Pressure
reducing

valve

Receiver

Pump

Strong
solution

Absorber

Cooling
water

Condenser

Generator

Evaporator

Heat exchanger

Expansion
valve
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Heat absorbed in evaporator
Work done by pump + Heat supplied in generator

QG

QC

QE

QP

QC Q QG E

TG

TC

TE

Q
T

Q
T

G

G

E

E
 Q

T
C

C

Q
T

Q
T

G

G

E

E
 Q +Q

T
G E

C

Q
T

Q
T

G

G

G

C
– Q

T
Q
T

E

C

E

E
–

Q 1
T

1
TG

G C
–


 


 Q 1

T
1

TE
C E

–

 




Q T T
T TG

C G

G C

–




 


 Q T T

T TE
E C

C E

–




 




 QG Q T T
T T

T T
T TE

E C

C E

G C

C G

–
–













QG Q T T
T T

T T
T TE

C E

C E

G C

G C

–
–













QG Q T T
T

T
T TE

C E

E

G

G C

–
–












(COP)max
Q
Q

E

G

Q

Q T T
T

T
T T

E

E
C E

E

G

G C

–
–












 (COP)max
T

T T
T T

T
E

C E

G C

G–
–










T
T T

E

C E–

T T
T

G C

G

–

 (COP)max (COP)carnot carnot 

TG

TC

TE

T
T T

T T
T

E

C E

G C

G–
–










253
3 2

3 3
38803 53

88 03
–

–










TG1

TE1
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TC1

T
T T

T T
T

E1

C1 E1

G1 C1

G1–
–










253
3 253

4 3
47303

73 03
–

–










TG

TC

TE

T
T T

T T
T

E

C E

G C

G–
–










253
3 2

3 3
38803 53

88 03
–

–










TG1

TC1

TE1

(COP)1
T

T T
T T

T
E1

C1 E1

G1 C1

G1–
–










(COP)1
233

3 2
4 3

47303 33
73 03

–
–










COP COP
COP
1 – 100

1.1963 –1.1081
1.1081

100

TG

TC

TE

(COP)max
T

T T
T T

T
E

C E

G C

G–
–










258
32 2

3 3
3838 58

83 28
–

–










(COP)max

TE

TC

[COP]actual [COP]ideal

Tsat TG

h fg

(COP)ideal
T

T T
T T

T
E

C E

G C

G–
–










268
3 2

3 3
39303 68

93 03
–

–










0.8 (COP)ideal

Refrigerating load
Actual heat supplied
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60 3.516
1.4028


x h fg

150.38 3600
2090

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Vacuum-pressure of
the order of 0.07 bar

reduces the temperature
of the remaining water to 2 °C

Absorber

Heat
exchanger

Cooling
coil

Condensation of water
vapour latent heat is to

be rejected

Heat supply

Solution pump

Heating coil

Generator

Evaporator
pump Evaporator

Liquid water

Heat rejection

Condenser

Cooling
water coil

Out
In

Tc
Refrigerating
load coil

Th

T >Th c

Water vapour
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Solution
Cooling
water

Pump

Cooling
water

Chilled water
tubes

Heating coil

Generator

Cooling water coil

Condenser

Cooled water

Low temperature
High temperature

Absorber

Evaporator

Pressure
reducing

valve

Heat
exchanger

Pump

Pump
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(NH )3 (H )2 (H O)2

(NH )3

(H )2
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Gas
burner

Generator

Weak
solution Ammonia

and hydrogen

Evaporator

Liquid
ammonia

Ammonia
vapours

Rectifier Condenser

Strong
solution

Hydrogen

Absorber

Heat exchanger
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(H )2

(NH )3

Heat absorbed in evaporator
Heat supplied to generator
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 V T

dQ
dX

l dT
dX






I R2

U (T T )h c
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Material 1

Material 2Material 2

Th

B

T2T1
Vo

Tc

A

Cold
junction 2

V

Hot
junction 1

Metal B

Metal A
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O2

N2

CO2

H2
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p b

p b

p b

pv

pv p [p (p ) ] (t t )
1527.4 1.3tw

f vs wb db wb

wb
  



p w

p b

t db

t wb

Mass of water vapour
Mass of dry air

m
m

v

a

m a
p v
R T

a a

a a

m v
p v
R T

v v

v v

pa

pv

v a

v v

Ta

Tv

R a

R v

p v
R T

p v
R T

v a

v a

a v

a v



 


 


 




p v
R T

R T
p v

v a

v a

a v

a v


R
R

p
p

a

v

v

a

R
m

o

a

8.3143
28.97

R
m

o

v

8.3143
18

0.287
0.462

p
p

v

a
 p

p
v

a

p
p p

v

b v


 




( p p p )b a v 
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( )

RH( ) Mass of water vapour associated with unit mass of dry hair
Mass of water vapour associated with unit mass of dry saturated air

 m
m

v

vs

p v
R T

p v
R T

v v

v v

vs vs

vs vs



 









 




v vv vs Tv Tvs R Rv vs

  p
p

v

vs

 v
v

vs

v

pv pvs

 p
p

v

vs

p
p

v

a
p w

0.622
pv a

 p
p

v

vs

w
0.622

p
P

a

vs

( )



 w
w s

w s
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
0.622 p

p p

0.622 p
p p

v

b v

vs

b vs




 







 




 p
p

p p
p p

p p
p p

v

vs

b vs

b v

b vs

b v






 


  




 




  p p
p p

b v

b vs






 


 

1 p
p

1 p
p

v

b

vs

b























h w ha v 

C tpa db

Cpa

t db

h v h s

t dp

h v w C (t t )ps db dp

Cps

t tdb dp

(C w C ) t w [h 2.3 t ]pa ps db fgdp dp  

(C w C )pa ps (C )pm
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h fgdp

1.005 t w(2500 1.88 t )kJ / kgdb d 



p b

pv 

pv 5.95 10 3 

 pv 5.95 10 13.6 98103   h

pv  10 5

5 10 3 

 v
w

v a

5 10
0.843

3 
5.9311 10 kg / m3 3 
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pb tdb twb

pv t dp   v

pv p w
(p p ) (t t )

1544 1.44 t
b w db wb

wb

 


t db pvs

At t wb p w

 pv
(1.0132 0.0338) (32 26)

1544 1.44 (26)
 


 pv

0.622 p
p p

v

b v
0.622 0.02989

1.0132 0.02989





pv t dp

 p
p

v

vs

0.02989
0.0479

 

(w )sat
0.622 p
p p

vs

b vs
0.622 0.0479

1.0132 0.0479



 w sat

  w
w sat

0.01890
0.03086

v
w (p p )

R t
b v

db




0.01890 (1.0132 0.02989) 10
287 (32 273)

5
 

 v kg m 3

R t
p p

db

b v




 v a
287 (32 273)

(1.0132 0.02989) 105
 


m kg of dry air3

a
1

v a

1
0.8902

kg m 3

t w (2500 1.88 t )db db 





t db t wb
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 t dp v

t db pvs

t wb p w

pv p (p p ) (t t )
1544 1.44 tw
b w db wb

wb
  








 pv 0.03778 (1.0132 0.03778) (40 28)
1544 1.44

  
 





28

p
p p

v

b v






0.03
1.0132 0.03


 






 p
p

v

vs

0.03
0.0737

pv t dp

v a
R t

p
db

a

 R t
p p

db

b v




 v a
287 (40 273)

(1.0132 0.03) 105
 
 

0.9136 m kg3

v
w
v a

0.0189
0.9136

0.0206 kg m 3

t db t wb Pb

 t dp v

t wb

p w

p b  

100.062 10 N m3 2

 p b

pv p (p p ) (t t )
1544 1.44 tw
b w db wb

wb
  



 pv
(1.0006 0.028) (35 23)

1544 1.44 23
 
 

 t dp

 pvs

 p
p

v

vs

0.0202
0.0562

 
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0.622 p
p p

v

b v
0.622 0.0202
1.0006 0.0202






v
w (p p )

R t
b v

db




0.0128 (1.0006 0.0202) 10
287 (273 35)

5 
 

  v 0.01419 kg m 3

t db t db

 1.005 35 0.0128 (2500 1.88 35)   



t db t dp



t db pvs

t dp pv

 p
p

v

vs

0.017
0.0563

 

0.622 p
p p

v

b v
0.622 0.017

1.01325 0.017





t db t db

  



t db p b 

 t dp v a a

pvs

 p
p

v

vs

 p
0.02337

v pv

pv

t dp

  p p
p p

b vs

b v






 




1.01325 0.02337
1.01325 0.01869






 




p b p pa v

 pa p pb v
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v a
RT
pa

287 293
0.9945 105




0.8455 m kg3

p
p p

v

b v


 




0.01869
1.0132 0.01869


 




 v
w
v a

0.0118
0.8455

0.0139 kg m 3

p b t db

t dp

pa pv  v

t db pvs

t dp pv

p b p pa v

 pa p pb v

p
p

v

a
 0.01704

0.99616



 p
p

v

vs

0.01704
0.04242

 

1.005 t w (2500 1.88 t )db db 

  



v a
R t

p
db

a

 287 303
0.9961 105




0.873 m kg3

 v
w
v a

0.01063
0.873

0.0121 kg m 3

 

  75 m 3 p b

 t db

m a m v

pvs

 p
p

v

vs
 p

4.242
v

 pv

p b p pa v  pa p pb v
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 pa

98.7274 10 Pa3

m a
p v
R T

a

a

98.7274 10 75
287 303

3 


 m a

R v

m v
p v
R T

v

v

1.2726 10 75
461.8 303

3 


m v
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t d1

t d1

 1 2to

h h1 2

h h1 2

C (t t ) + w C (t t )pa d1 d2 pv d1 d2 

C Tp  

(C wC ) (t t )pa pv d1 d2 

C (t t )pm d1 d2

(C C )pa pv
( )C pm

 (t t )d1 d2

m C (t t )a pm d1 d2

m a

m min3

V r C ( t)pm  
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m 3

 m 3

Cpm

 t

 Cpm

v 1.2 1.022 ( t)   

 t) 1.2264 v t
60

 

  t

(t )dp

t db1 t wb1 t db2

(h )1

2 twb2

(w w )1 2

 2 t wb2

h 2

(h h )1 2


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w w1 2

 1 2to

h h2 1

h h2 1

C (t t ) w C (t t )pa d2 d1 pv d2 d1  

(C w C ) (t t )pa pv d2 d1 

C (t t )pm d2 d1

C w Cpa pv

 1.022 (t t )d2 d1

m C (t t ) kJ / mina pm d2 d1

m a

0.0204V t, kW

200 m3

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


 1 t db2

w w1 2

 2

m V
V1

200
0.825

m(h h )2 1 242.42
60



t d2
t d3

t d3

t d1
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x C t (1 x) C tpm d1 pm d3  1 C tpm d2

Cpm

 x t (1 x) td1 d3  t d2 x t t x td1 d3 d3  t d2

 x (t t )d3 d1 t td3 d2

 t t
t t

d3 d2

d3 d1




t t
t t
d3 d2

d3 d1




t t
t t
d2 d3

d1 d3






H 1 


t t
t t
d3 d2

d3 d1

t t
t t

d2 d1

d3 d1




c 1 


t t
t t
d2 d3

d1 d3

t t
t t

d1 d2

d1 d3




t db1 t wb1 t db2

v a

t wb3 h 3

v
v1

 100
0.896 60



T T
T T

26 22
40 22

3 2

1 2




 

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t db1 t wb1
t db3

(t )db3

t t
t t
db3 db2

db3 db1




40 t
40 15

db2


 t db2

(t )wb2
( )2

t wb2  2

h1 h 3

m (h h ) 50 (45 29.5)3 1  

 1 2to
w to w1 2

 1 2to w to w1 2
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w w2 1

h h2 1

h (w w )fg 2 1

h fg

(t )d1

(h h ) h (w w )1 2 fg 1 2  

m ( h) m h ( w)a a fg   ( m V )a  

V h ( w)fg 

 m 3

h fg

( w)

V 1.2 2500 ( w)   

3000 V ( w) 

 3000 V w
60
 

 

Sensible heat
Total heat

SH
SH LH




(t )d4
(t )dp1
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t d1

t dp1 t d3

t d2

t d4

( )t d4

t t
t t

w w
w w

h h
h h

d2 d4

d1 d4

2 4

1 4

2 4

1 4




 


 


h h (h h ) (h h )1 2 1 A A 2    

(h h )1 2

SH
SH LH

h h
(h h ) (h h )

A 2

A 2 1 A
 

  

h h
h h

A 2

1 2




m3
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t db1 t wb1
t db2 42.5 m 3

w 1

h1

v1 m 3

w 2

h 2

m a
V
v

42.5
0.8751



m (h h )a 1 3 

 14 6 0 48.57 (57.6 h )3 

 h 3

h h
h h

1 3

1 2




w w
w w

1 3

1 2




 57.6 40.31
57.6 18.7




0.0098 w
0.0098 0.0054

3


 w 3

h 3 w 3

t db3 t wb3

t t
t t

20.3 5
32 5

db3 db2

db1 db2




 


m3

t db1  1
120 m 3
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t dp1

(t )db2

t ADP
t ADP
db2

d1




 t 14
30 14
db2 



 t db2

w 1

w 2

v1 0.884 m 3

h1

h A

h 2

m a
V
v

120
0.8841



 m (h h )a 1 2

135.75
60

(82 43.5)



m (w w )a 1 2

 (0.0202 0.011)

h h
h h

58 43.5
82 43.5

A 2

1 2




 


t db1 t wb1
t db2 t wb2
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t db3

t t
t t
db2 db3

db1 db3




 


17 10
30 10



h1 h 2
h p

Qs m (h h )a p 2

Q m (h h )1 a 1 p 

( w)

w 1

w 2



m (w w )a 2 1

m3

v 40 ma
3 t db1

t wb1 t d3 QC

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


(t , t )db2 wb2

v1 m 3 h1

m a
v
v

40
0.874 60

a

1




m (h h )a 1 2

 4 3.516 (54 h )2

 h 2

h 2

t db2

t wb2

t t
t t
db2 db3

db1 db3




 


175 5
31 5

.



(t )w
(t )dp1

(t )db1
(t )wb1

t to td1 d2  1 2to
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H
Actual drop in DBT
Ideal drop in DBT

H
t t
t t

w w
w w

d1 d2

d1 d3

2 1

3 1




 


t db1  1 H

(t , t )dp1 wb1

t dp1

t wb1  t d3

(t , t )db2 dp2

t dp2

t db3

t db2

H
t t
t t

tdp1 dp2

dp1 dp3

dp2






30
30 198.

 t dp2

t dp2

t dp2

m3
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Va m 3

h1

w 1

v1 m 3

h 2 h1

w 2

h 3



1500 0.3 450 m 3 

Air supplied
Specific volume 60

 (h h )2 3

450
0896 60. 

(57.4 42.6)

12388
3516

.
.

m (w w )a 2 1

V
V

(w W )
o

2 1

450
0.896

(0.0088 0.0066) 

m3
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m 3 t db1
 t db2 w 2

t dp2

v1 m 3

w 1

m a
V
V

200
0.881





m (w w )a 2 1

(m m )w1 w2 m (w w )a 2 1
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m and mw1 w2

m a

w and w1 2

m h m hw1 fw1 w2 fw2  m (h h )a 2 1

h and hfw1 fw2

h h (h h ) (h h )2 1 2 A A 1    



h hA 1
h h2 A

(w w )2 1

SH
Total heat

SH
SH LH




h h
h h

A 1

2 1




t db1 t wb1 t db2
w 2

h 2

h A

h1

h h2 1

w 1

w 2



w w2 1

h h
h h

A 1

2 1




53 37
84 37




m3
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t db1  1

m 3 t db2

w 1

h1 v1 m 3

w 1
h 2

h a

m a
V
v

100
0.811



m (h h )a a 1

m (h h )a 2 a



SH
SH LH

1851.9
1851.9 2037.09




m (h h ) 123.46
60a 2 1 


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H
t t
t t

d3 d1

d2 d1




t d1 t d3  2

t d2

(Q )r

h 2

h 3

h h2 3  61 43

 Qr

process ( )3

 3

(t )dp2

t dp2
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( )w

w 1

w 2



w w1 2

m , h1 1 w 1

m , h2 2 w 2

m , h3 3 w 3

m m1 2 m 3

m h m h1 1 2 2 m h3 3

m w m w1 1 2 2 m w3 3

m 3

m h m h1 1 2 2 ( )m m h1 2 3

m h m h1 1 1 3 m h m h2 3 2 2

m h h1 1 3( ) m h h2 3 2( )

 m
m

1

2

h h
h h

3 2

1 3




m 3

m
m

1

2

w w
w w

3 2

1 3




 m
m

1

2

h h
h h

w w
w w

3 2

1 3

3 2

1 3




 


w 3
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m3 m3

V1 m 3

V2 m 3

1st

2nd

v1 m 3

v 2 m 3

1st

m1
v
v

20
0.881

1

1


2nd

m 2
v
v

2

2
 25

0818.

(m m ) t1 2 d3 m t m t1 d1 2 d2  

 t d3
22.7 32 30.56 12

22.7 30.56
  



t d3

v 3 m 3

w3

 3

V3 m v3 3

V3 ( . . ) .22 7 3056 0844  m 3
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200 3m m3

t db2 t wb2

V2 m 3 t db1  1

V1 m 3

h1

w 1

v1

h 2

w 2

v 2

m1
200

0.897

m 2
V
v

2

2
 850

0855.

m
m

1

2

h h
h h

3 2

1 3




 222.96
994.15

h
h

3

3




51
90

( )90  h 3 ( )h 3  51

h 3

h 3



w3

t dp3

t db pvs

t wb p w

pv p – (p – p )(t – t )
1544 – 1.44 tw
b w db wb

wb







0.03778 – (1.0132 – 0.03778)(40 – 28)
1544 – 1.44 28







 0.622 p
p – p

v

b v







0.622 0.03
1.03 – 0.03






 p
p

v

vs

0.03
0.0737

Va
R t

p
db

a

 R t
p p

db

b v


–

Va
287 (40 + 273)

(1.03 – 0.03) 105



0.9136 m kg3
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v


Va

0.089
0.9136

0.0206 kg m 3

pv t dp

1.005 t + (2500 +1.88 t )db db

t db pvs

t wb p w

pv p – (p – p )(t – t )
1544 – 1.44 tw
b w db wb

wb







pv 0.03166 – (1.01 – 0.03166)(35 – 25)
1544 – 1.44(25)







 0.622 p
p – p

v

b v







0.622 0.025
1.01 – 0.025






 p
p

v

vs

0.025
0.05622

pv t dp

1.005 t + (2500 +1.88 t )db db

t db t dp

pt 1.01325 730
760



pv
t dp

t db pvs

 p
p

v

vs

0.017
0.0264

 0.622 p
p – p

v

t v

0.622 0.017
0.9732 – 0.017



1.005 t + (2500 +1.88 t )db db

Va
R T

(p p
db

t v


– )

287 (22 + 273)
(0.9732 – 0.017) 105




0.8856 m kg3
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t db Twb

pt 1.01325 750
760



t db pvs

t wb p w

pv p – (p – p )(t – t )
1544 – 1.44 tw
b w db wb

wb







0.02808 – (1.013 – 0.02808)(35 – 23)
1544 – 1.44 23







 p
p

v

vs

0.02156
0.05029

 0.622 p
p – p

v

t v

 0.622 0.02151
0.99 – 0.02151



pv t dp

1.005 t + (2500 +1.88 t )db db  

T – Tdb wb

T – Tdb dp

m3

V1 40 m 3

t db1 t db2

 Qremoved

( )2

m (h – h )a 1 2

V
VS1

40
0.89

h1 h 2
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Outside
air

Damper

Filter Reheat coil

Fan

Recirculated air
Conditioned

space

HumidifierPreheater

Outside
air

Damper

Filter
Cooling coil Sump

Heating
coil

Fan

Perforated
membrane

Recirculated air
Conditioned

space
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(T – T )o i

To

Ti

1
U

1
h

x
K

x
K

1
ho

1

1

2

2 i
   ...

1
h

x
K

1
ho i1

n
 


 


 

h o

h i
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Outside
air

Damper

Filter
Cooling

coil

Heating coil

Fan

Recirculated air
Conditioned

space

Humidifier

Cooling load

Sensible heat load Latent heat load

Heat flow through
exterior wall, ceiling
windows etc.

Load due to solar
radiation

Heat from occupants

Heat from different
equipments

Heat from cracks of
doors and windows

Heat gain from lighting

Heat gain from products

Latent heat load
from occupants
Latent heat load from
cooking foods

Heat gain due to
moisture in outside
air entering by
infiltration

Passing of moisture
directly into the
conditioned space
through permeable
walls
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Qsg A( I + N I )t t   

I t





Qs,occupants 



m3 C


  1


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 



Qs,appliances  

m2

Qs, lighting

( )Cpm
( )T1 ( )T2
( )t ch
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Qch
m C T T

t
pm 1 2

ch

( – )

(h )fg
(t )F

QF
m h

t
fg

f



QR

(Q) mC (T T ) V C (T T )sen. pm o i pm o i   

m / sec.3

(Q) mh (W W ) V h (W W )Lat fg o i fg o i   

V ACH V
3600

m / seco
3 

m 3

V A C Po
n    m / sec.3



0 4 1.  n

(Q)vent m (1 X)C (T T )vent pm o i 

V (1 X)C (T T )vent pm o i  

m vent

Vvent

(Q)vent m (1 X)h (W W )vent fg o i 

V (1 X)h (W W )vent fg o i  

h fg
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RSH
RTH

RSH
RSH RLH

RSH
RSH RLH

ZZ

ZZ

TSH
GTH

TSH
TSH TLH
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DBT

RSH

ADP

RTH

1

2

Supply air condition

td1 td2

w2

w1

Required condition
of room

RSH
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 RSH + OASH
(RSH OASH) + (RLH OALH) 

0.02044 v td td1 1 2( – )

50 v w w1 1 2( – )

0.02 v h h1 1 2( – )
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Z

(Room
design

condition)
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50

%
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le

Y
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ERSH
ERTH

ERSH
ERSH + ERLH







( – )td td1 2

v1( – )w w1 2

4 - 4

6 - 4 - 4

Length 4 - 6
Length 3 - 6

Length 4 - 6
Length 2 - 6



t – ADP
t – ADP

d4

d3

t – ADP
t – ADP
d 4

d2



m d
Room total heat

h – h2 4

td1 
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um
id

ity
(w

)

5
GSHF
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2

3

1

DBT
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BPF

SH
F

-S
ca

le

ERSHF

(1–BPF)

(1–BPF)

BPF
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4
a
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.H

um
id

ity
(w

)

DBT

SH
F
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le

20 °C 26 °C
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RSH
RSH + RLH

15
15 +10

ZZ

ZZ

26 C
190 m min3

td1  190 m min3

0.02044 v t td1 d2( – )

0.02044 2 t d2190 6( – )

100.97 – 3.88 t d2

t d2

RSH
RSH RLH

24
24 + 3.5

t = 19.83 C
RH
t 15.2 C

From psychrometry ch
d1

d1



 









68 % art

50 3m min

 



50 m min3
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0.02044 v t t1 d1 d2( – )

5 v w w1 1 20 ( – )

w 1 w 2

GSH
GSH + GLH

65.3
65.3 + 20

ERSH
ERSH + ERLH

51.53
51.53 +11

190 m min3

Td1

190 m min3

t d2

 0.02044 v t t1 d1 d2( – )

0.02044 2 t d2190 5( – )

97.09 3.883 t d2–

t d2 

RSH
RSH + RLH

20
20 + 4.8

t d2 20 C

Td2

Tw2 16.5
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16
16

Td1 26.5

RSH
RSH + RLH

27
27 + RLH

26

14

17
14

RSH
0.0204 (T – ADP)d1

27
0.0204 (26.5 – 14)

m min3

17

RSH
0.0204 (T – T )d1 d2

27
0.0204 (26.5 – 16)

m min3

w 2

23

15

Td1 23
Td2

84
3600

2447.2

h fg 23

 RSH
RSH + RLH

130
130 + 57.10



23
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26

15

h1 h 2

h1

h 2

m a
RTL

h – h1 2

187.1
(52 – 38)

48.09 10 kg hr3

12

14 t d2 15

t d2 15

34 28
24

0.4 m min person3

34 28

24

34 28
h1

24
h 2
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h A

0.4 m min person3

v s1 0.901 m kg3

 0.4 25 60
0.901

h hA 2
  ( – )

0.4 25 60
0.901

58.5 4  ( – )8

 0.4 25 60
0.901

h h1 A
  ( – )

0.4 25 60
0.901

9 58.5   ( – )0

TSH
TSH + TLH

132592.2
132592.2 + 62976

40 20
20

0.3 m min per person3

Td1 Tw1

Td3

40
20

20
60 %

h1 h 2 h 3

w 1

w 2

v s1 0.89 m kg3

m a
v

v s1

1300 0.3
0.89


m h ha 2 3( – )
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w1

40 °C

60
%

Note
Process 1-2 - humidification
Process 2-3 - cooling
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m a ( – )w w2 1

4500 m min3

40
25 24

13

V3 4500 m min3

Td1 Tw1

Td2

Td4

40 25

24

13

h1

w 1

t d3 26.5

h 2

w 2

v s3 0.86 m kg3

h 3

w 3

m a3
v
v

3

s3

4500
0.86

m h ha3 3 4( – )

 m a1 0.2 Ma3

m h ha1 1 2( – )
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40
28

26

m 2
30
v s2

30
0.86

m1
28
v s1

28
0.905

m 3 m m1 2

w 3

w 3
m w m w

m
1 1 2 2

3



(30.99 0.019) + (34.88 0.011)
65.81

 

Td3

Td3
m T m T

m
1 1 2 2

3



(30.99 4 ) + (34.88 2 )
65.81

 0 6

32.61

w 3 Td3 32.61

m h h1 1 2( – )

15

t wb 15

m h h3 3( – )
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28 20

40
28 C 25 m min3

9

40
28

28

26 C

9 C

h1

h 4

h A

v s1 m kg3

m a
v
v

1

s1

25
0.92

Qs m h ha A 4( – )

QL m a 1 Ah h( – )





 RSH
RSH + RLH

52.43
52.43 + 26.5
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Tdb2 13 C

Tw2 12.1 C

Tdb3 23 C

Tw3 18 C

RSH + RLH
h h4 2( – )

52.43 + 26.5
5 3( – )8 4

T ADP
T ADP

db2

db1

–
–

13 – 9
40 – 9

(h – h )1 2
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h1

h 2

w 1

w 2

h h1 2

 w w1 2

m3 


  1

  2







( ) 2 1







TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

50 %

65 %
w22

1

22 32

w1

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


m hr3

TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net


TECHNICAL PUBLICATIONS - An up thrust for knowledge
TM

®

Downloaded From: www.EasyEngineering.net

www.EasyEngineering.net

http://easyengineering.net
http://easyengineering.net

