- CLASS TEST

GATE
exclusive Power Plant

S.No. : 01 SK1_ME_GX 170719

India’s Best Institute for IES, GATE & PSUs

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Lucknow | Indore | Pune | Bhubaneswar | Kolkata | Patna

Web: www.madeeasy.in | E-mail: info@madeeasy.in | Ph: 011-45124612

CLASS TES
2019-2020

MECHANICAL ENGINEERING
Date of Test:17/07/2019

ANSWER KEY >» Power Plant

1. (c) 7. (d) 13. (a) 19. (a) 25. (c)
2. (a) 8. (b) 14. (a) 20. (c) 26. (d)
3. (a) 9. (d) 15.  (a) 21. (d) 27. (c)
4. (b) 10. (a) 16. (a) 22. (c) 28. (d)
5. (d) 1. (b) 17.  (b) 23. (c) 29. (a)

6. (a) 12.  (d) 18. (d) 24. (a) 30. (b)




India’s Best Institute for [ES, GATE & PSUs

CT-2019 | ME + PowerPlant | 7

DETAILED EXPLANATIONS

11.

(c)
w, 7. X 310
Work ratio, w, = —2& ={-_Mn(r)7" = 1-——x(6)'* =052
r A T e ) 1075 ©)
(a)
np\am = nboiler x nturbine x nelectric generator x ncycle x nauxiliaries
= 0.25 = 0.96 x 0.95 x 0.92 x 0.5 X N iiaries
Nauxiliaries = 0.6 = 60%
(b)
Internal power developed = mxAh. . x Ngs = 15 x 450 x 0.9 = 6075 kW
(d)
Efficiency decreases with increase in pressure ratio.
(d)
P, = \/P1 P =J20x 1.1
= P, = 4.7 bar
(b)
. _ Idealworkinput W _ V(AP) P -F (3000-80)
Actual work input = f_? = on 1000x0.85 = 3.43 kJ/kg
(b)

Given, NRegeneration = 0.8; Ny = 0.8 = e P1 =1 bar; T1 = 300 K; T3 = 1200
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12, (d)

13. (a)

Given,

e

0.8

ncycle

Steamrate

>

1x640.23

0.4

1200><(%)“‘ _719.20k

T,-T,
T,
500.6 -300
T, —300
550.68 K
T4/_T3
T,”-1200
719.2-1200
815.36 K
=T
T, —550.68

815.36 —550.68
762.42 K

Wy =W, _ CollT,~T,)=CulT,/~T,) _ (1200-81536)- (550.68-300)
Qs CoT,~T,) (1200-762.72)

30.6 %

(hy —h,)+(hs —h,) = (3450 - 191.8) + (3560 — 3050)

3768.2 kJ/kg
(hy—h,) + (hy = hy) T

(3450 -3050) + (3560 - 2300)
1660 kJ/kg

W _ 1660

= =44.05%
Q. 37682

3600 3600

= Teao = 217 kglkwh

2622.22 (1—m)1(g
B
188.39 <> 1kg 3 \

640.23

mh, + (1 —m)hy

m x 2622.22 + (1 —m) x 188.39 1 kg
_'_°—¢—|7Fe_e7|—-ﬂ—00ndenser

h, —hg 8 7 5

hs _h5

640.23-188.44
2622.22 -188.44

-4
- (1-m)kg

= 0.18856 kg/s
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14. (a)
Given, P, = 1bar = P,; P, = 4 bar = P,; T, = 300 K; ’
T,=450K; T, = 750 K; T, = 1200 K
-1
L _ (A
T, = P,
1200 4\t s
-
- T, = 87145
_ L=T, _ _750-450
€7 7,-7, T87145-450 "
15. (a)
L_-I T
T, = Tyx(r,)
04
- 300x(5)14 = 475.15K
To =T
"e = T _T.
2 1 S
475.15-300
= 08 = 7300
- T, = 519K
Heat supplied, Q, = Cp(T3-T2) =1.005 (1100 - 519) = 584 kJ/kg of air

S

As 10% of heating value is lost i.e. efficiency of heat is 90%. So, each kg of fuel contributes
0.9x 41800 = 37620 kJ

Air fuel ratio =

16. (a)

37620
584

- 64.4

m is the amount of steam extracted per kg of steam.
h, = 3000 kJ/kg

=

Heat added

Efficiency
= WD
(hy=hy) + (1 =m) (h, - h,)

2600 kJ/kg

2115 kJ/kg

h,, = 140 kJ/kg

h,, = 505 kJ/kg

h, - hy, = 3000 — 505 = 2495 kJ/kg
n=34% =0.34

N x Heat added = 848.3 kd/kg
848.3

= (3000 -2600) + (1 —m)(2600-2115) = 848.3
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=

1-m

Specific steam consumption

0.924

3600
WD/kg

= 4.24 kg/kWh

Condensor duty (steam condensed in the condenser per unit work done)

= (1-m)x 4.24 = 0.924 x 4.24 = 3.92 kg/kWh

Work developed in the turbine= (h; — h,) + (hy— h,) + (1 = m)(h, - h,)

17.  (b)
18. (d)
=
=
20. (c)
22. (c)
23. (c)

= St 4 S o~

S

net

ncycle

max

= 300K, P, =20 bar
= 60 bar, T,=1273K

— (3)0.667/1.667

= 465.6K

= (3)0667/1.667 Y

= 820.2K
= Q- Qp=CyT,-T)-C(T,~ T))
= 5.1926[(1273 - 465.6) — (820.2 — 300)] = 1491.3 kJ/kg

Tmin _q_ 390 _ 47 129

-1
! 293 32
— _(6)1.3
1173

= 0.6223 =62.23%

w

w

TA
P2 = 1200 kPa
100 kPa
1273 K
293K
y—1 1

P\ v >
P, s

N
N
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0667
T (1200] 1.667

293 100
T, = 791.898k
- 1= 1 _ Whet _ Whet
n —
= Qs Cy(T3-T,)
()"
W
063 = net
0.5203(1273 - 791.893)
= 15769k
24. (a)
T A
P, = 100kPa
P,=P, = 1MPa
T, = 298K
T, = 1200K
¥-1
T o_ (F’_a) v
T, P,
1200
= (10)04/1.4
= = (1)
- T, = 621.5K =3485°C
25. (c)
h, = 3625.3 kl/kg
81 = 32
69029 = Sf2+X2Sf92
6.9029 = 0.5725 + x,(7.6845)
- x, = 0.82378
h, = hf2+x2(hfg2)
— 167.57 +0.82378 (2406.7)
— 2150.16 kJ/kg
N t te (1 1
m = =
oW steam rate (rh,) (h—h,)=(n,—h,) ~ 3625.3-2150.16-10.06
D 6825 x 104 kg/s/kW
= = 0. X
1465.08 9rs
26. (d)
(Wnet)max = r?
= 800°C = 1073K
= 30°C =303K
2
Now, (Wnet)max = Cp(\leax _\/Tmin)

1.005(\/1073 ~/303 )2 = 236.794 kJ/kg

78 4
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27. (c)
3
-
4
2
1
S
Cp 1
Y = C, = 0717 = 1.3947
W, = CAT,-T,)=336.5
T~T, = 3365
or T,—700 = 336.5
or I, = 1036.5K
Y 1.3947
L (7_3}4‘1 _ (1036.5)0.3947 4
Py T 700
28. (d)
2
Wmax = CF’ I:\]Tmax _\/Tmin:|
W = Co[\1000 - 400 |
W, = Cil11.622712=135C,
29. (a)
/ot \s
; m 10 kg ,
/ (10-my)
3
S —

W, = 10(h, = h,) + (10— m,) (h,— hy)
W, = 10(3200-2900)+ 8.5(2900- 2350) T

7675%10°
W, = 7675 x 103 W = % = 7.675MW

30. (b)
m=mn,+Mn,-MyM,=048+0.37-048 x0.37 =0.6724
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