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I

O

IV\; =mg

F. B. Diagram of gate

TFB F. B. Diagram
of cylinder

The resultant hydrostatic force on the gate is,
h 2
Rt 3 o) =t

The depth of centre of pressure from free

liquid surface is,

2
hcp :gh

Taking moment of the forces about the hinge,

T><4:FR><E
3

where T is the tension in the string

2

h
T=F, x— = x h® x
R 12 yw

Consider
equilibrium condition,
Mg=T+Fg

= 10x2.48 = 2480 kg

F.B.D of

L
12 12

cylinder  under
x(h-1)

01(b).

Sol:

(i).

(ii).

Emissive power, (E) = cT;'
= 0.8(5.67x10° W/m?.K*)(473 K)*
= 2270 W/m?
G = oT! =5.67x10° W/m*.K*(298 K)*
= 447 W/m?
Heat loss from the pipe is by convection to
the room air and by radiation exchange with
the walls.
Hence, g = Qeonv + Qrag and from equation

with A = 7DL.
q = h(xDLYT, - T, )+ &(xDL)o(T* - T2, )

The heat loss per unit length of pipe is then

q= % =15 W/m2.K (nx0.07 m) (200 — 25)°C + 0.8 (n
x 0.07m) 5.67x10 ® W/m?.K* (473*-298%)K*
q'=577 W/m + 421 W/m = 998 W/m

01(c).

Sol:
control volume
boundary

valve Turbine el
Vessel ..... [039)

\
Initially
evacuated tank

Mass balance for control volume
dm, _dm, _(dm
dt dt dt /),

(where, m; =

mass entering the control
volume, m. = mass leaving the control

volume)
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Energy balance for control volume

d d du
—[m.h, ——|[m.h = =
S+l Sfmn+wl-(]

Since no mass is leaving the control volume

%_(d_m)
dt dt ),

dt dt  dt
dm, _dw _ (d_Uj
‘dt dt \dt ),
Integrating we get
hi(mz— mz) — (MU — MyUy)ey = W
(where my = Initial mass in the c.v

m, = final mass in the c.v)

W = mz(hi — Uz)
=V 06 96 kg
v 0.2027

hy = 3081.9 ki/kg
u, = 2951.3 k/kg
W = 2.96 x (3081.9 — 2951.3) = 386.6 kJ

01(d).

Sol:

The two stroke SI engines mainly suffer from
fuel loss and idling difficulty. The CI engines
have no such problems.

In the two stroke Sl engine the air fuel
mixture enters into the engine cylinder while
both the inlet and exhaust ports remain open.
So, some fuel is liable to go out through the
exhaust port before the ports are closed. Thus
there is a loss of fuel. In the CI engine, only

the air enters into the cylinder while the ports

are open and fuel is injected well after the
ports are closed. So all the fuel injected takes
part in the process of combustion.

e At low engine speed during idling the engine
may run irregularly and may even stop. This
is because of the dilution of fresh charge with
the large amount of residual gases that result
due to poor scavenging. At low speeds the
burning rate is slow which may cause
backfiring in the intake system.

e  The problems of the two stroke Sl engine can
be eliminated if the fuel is injected as soon as
the exhaust port closes. It will prevent fuel
loss and also backfiring as there is no fuel in

the intake system.

01(e).
Sol:

2 h3 = h4:695 kJ/kg
h!, = 201.5k)/kg

s1 = 0.7052 ki/kg
1 hi=181kl/kg

S

Referring to the table and the figure above.
12
s=c¢
s; =52 = 0.7052 kJ/kgK
By interpolation for the degree of superheat
at discharge.

Af = 0.7052 — 0.6839

= x20 =9.04°C
0.731-0.6839
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Hence,

h, =201.5 + % (216.4 — 201.5)

= 208.2 ki/kg
NRE = 181 — 69.5 = 111.5 ki/kg
Weomp = 208.2 — 181 = 27.2 ki/kg

NRE 111.5
27.2

COP = =4.09

comp

HP 4761 4.761

= = =1.16
TR COP 4.09

02(a).

Sol: Given that,
Latitude, ¢ = 40°
Day of year for August 1, n =213
Given location (q) = 40°)

Declination, 8 = 23.45sin {% [284 + n]}

= 23.453in{@ [284 + 213]}
365

~.8=17.913°

€0s0, =Ccos¢$pCcosdCcosw+Sin dsin ¢
where, o is the hour angle calculated as
o= -15"x(12-7.5) =675

=0540° c0s17.913° cos— 67.5° +5sin17.913° sin 40°
=0.279+0.198

cos6, =0.477
.. Zenith angle, 6, = 61.51°

(i) Sun's altitude,
c=mn/2-06,
oc=n/2-61.51° =28.49°

. Sun's altitude, o = 28.49°

(i) Azimuth angle,

_ [cos8, sin ¢ —sin 5]

CoSYs [sin 8, sin ¢]

 [cos90° sin 40° —sin17.913°
- lsin 90° sin 40° |

cosy, =—0.478
y, =cos (- 0.478) = 118.554°

.. Azimuth angle, ys = 118.554°

02(b).
Sol:

(Cpg = 1.147 kJ/KkgK, cpa = 1000 kJ/kgK)
P, = 0.458 bar,
T1= 258 K, T03 =1200 K

Velocity of air craft = V, =600 x%

= 166.67 m/sec
Velocity of gases = V, =600 x %

= 166.67 m/sec

2 2
Tor =Tyt = 258+ 200
2c, 2x1005
=271.82 K = Top
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RE (AT), T, —
T )1 271.82 35 Ny = actual _ _"04 05
P,=P| 22| =0.458 AT) e Tu—Tw
02 1[ Tl J ( 258 j ( )S C 04 05
— 0.5497 bar Tos =Tos— T]T(To4 - Tos')
Intake duct efficiency = Ram efficiency = 0.9 = 1200 - 0.93(1200 - 695.87)
- =731.6 K
Ram efficiency
Actual Rise in pressure Transmission efficiency = nm = 0.98
- Isentropic Rise in pressure (Because external agent gives work input to
. P,—P, compressor)
ram — o W
P =Ry Net work = Turbine work — —<™
MNm
Poa =P+ Tlram(poz' - Pl)
= 0.458 + 0.9(0.5497 — 0.458) —c (T, _TOS)_M
= 0.5405 bar Ml
_ 1.005(539 — 271.82)
Compressor pressure ratio = Fo =9=r, _1'147(1200 - 731'16)_ 0.98
02
= 263.76 kJ/kg
P,y =Py =9P, =9x0.5405 = 4.865 bar
2 Wnet —_ Wnet
y-1 Nin =—" »100 = ?xlOO
T = To(r, )7 = 271.82x(9)"* ; oo (Tot = Tos)
= 500.6 K __ 26376 100 =34.79%
1.147(1200 - 539)
n — (AT)szc — Tos = Top
P (AT)actual Tos - Toz
02(c).
T.=T. + Tos —Too ( )
03 02 n Sol:

T]comp = 089

T, =271.82+ 509.6 —271.82

=539 K

Poo _Po Turbine pressure ratio = 9
I:>05 POS’

Cpg = 1.147 kI/kg.K

Yg—1

- 0.248
Tos = To{ E‘” j "= 1200[%)
05’

=695.87 K
nr= 0.9

_ | w=0.12m .
H=0.024 m I |

L=(0.18 m

fe—
(Sont

T;=80°C =353 K
(i) Mean temperature = 325.5 K
T, +T,

=325.5
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T+ T, =651 K 02(d)(i).
T, =651 353 =298 K = 25°C Sol: dq = du +Pdv
Pr=10.709 We know that, du =c dT
Grashoff’s number, Also by applying equation of state
BATL
Gr:—gB . PV:RT:>P:ﬂ
v v
9.81x - (80—25)x0.18 Thus we get
325.5

(L.82x10°f
Gr=29184714.11
Ra = Gr. Pr =20691962.3
The optimum fin spacing is to be determined
L
(Ra )"

0.18
(20691962 .3)"*

(S)opt = 7.243 x 10 m = 7.243 mm

(S)o =2.714x———

=2.714 %

(i) Number of fins

W 120

- =14.55 ~ 15
)+1 7.243+1

(n) = (S

opt
Heat transfer coefficient

h= 1.31L =1.31x M

oot 0.007243

h =5.046 W/m?
Total heat transfer rate,
Q =h.AAT

=5.046 (2nLH)(Ts— T.,)

=5.046 (2 x 15 x 0.18 x 0.024)(80 — 25)
Q =35.968 W

dg=c,dT +ﬂdv
Vv

Dividing throughout by T
dy_ dT pdv
T T v

daq
=

Now, As =
2
=c, j
1

dT
T
As=c, E(L) Rﬁn{ }
Tl

02(d)(ii).

Sol: Using steady flow energy equation for unit

P C— N
o

rR(IY
Y,

r—\'—.w

mass
2 2
h1+V_1+d_Q:h2 +V_2+M
2 dm 2 dm
d
2 =h,
dm
[-. d\r/nv 0,V,and V, are negligible }
dQ

CpT1 + d_m = CpTz

—519x50-175=519xT,
— T,=49.7°C
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5,5, =Cyn{ 1R %
Tl Pl

0.25 =5.19/n( 227273 5 0740 P
501 273 300

= P,=265 kPa

03(a).
Sol: Given data:
Q, =0.6 m*/s,
N, =1450 rpm, N =1200 rpm
H,=20m, p, =825kg/m?®n, =n,=0.8

By similarity laws,

NDo vH

Nm Dm Hm
X =

NP Dp HP
1200 400 _ [H,
1450~ 60 20
~H,=6.08m

Also, Qoc D2\/H oc D?(ND)
Q o« ND?

3
- Qm — Nm X Dm
QP Np Dp
Q, 1200 X(@ ’
0.6 1450 |60

~Q,=0147Tm/s

P =NmPmdQmHn,
=0.8x1000x9.81x0.147 x 6.08
=10.94 kW

~NLWQ, _ 1200+0.147

Nsm - H?r;r{4 6.080‘75

=118.8

~N,JQ, 145040.6

o = = =118.8
P H'f:;/4 200.75
03(b).
Sol: Density of air,
5
po=b = DA 61 kgrme
RT 287 x300

Mass flow rate of air,
m, =C,A,,/20AHp,, p,

Volume flow rate of air,

Va :& = CdAaV 2gAHpH pa
Pa '

=0.0761 m%s
Swept volume per second,

N
2x60

VS :EdZL xN
4

2500

2x60

x 6

=T(0.27 x0.11x
4
=0.108 m%/s

Volumetric efficiency, n, :%

S

- 90761 _ 0.705=70.5%
0.108

_ WN _ 540x 2500
20000 20000

bp
N

2x60
_ 67.5%x1000 x120
0.11x%(0.1)2 x 2500 x 6

=67.5 kW

bp

bmep =
LA

n

= 6.25x10° N/m® = 6.25 bar

_ 2nNT

b
P 60
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_ 60xbp _ 60x67.5x1000

T = 2578 Nm
2nN 21t x 2500
Mass rate of fuel,
i, =290 0,781 x3600 = 15.6 kgh
18 1000
psfe= 1t =296 _ 931 kgkwh
bp 675

Stoichiometric oxygen required per kg of

fuel = 0.83><2+ 0.17 ><§
12 1

= 3.573 kg/kg fuel
Stoichiometric air required

-3 =15.54 kg/kg fuel
0.23

Actual mass flow rate of air =V, xp,

=0.0761 x 1.161 = 0.0884 kg/s

0.0884 x 3600
15.6

Actual air/fuel ratio = =204

03(c).
Sol: Given data:
Difference between the tides (H) =9 m

Basin area (A) = 0.45x10° m?
Total time (t) = 3 hours = 3x3600 sec
Average available head (H') =8.5m
Overall efficiency (Moveran) = 72% = 0.72
Density of sea water (p) = 1025 kg/m®
Volume of basin=AH
=0.45%x10° x9
=4.05x10°m®

Average discharge, Q :%

=— [-v=AH]
_ 4.05x10°

~ 3%3600

_ 4.05x10°
3x3600

Q=375m®/sec
(i) Power at any instant,
P=pgQH xMqyea
=1025%x9.81 x 375 x8.5x%x0.72
P =23077 kW

(if) Yearly power output,
Energy generated per tidal cycle,

E, =Pxt
=23077 %3
E, =69231kWh

Total number of tidal cycle in a year = 705

.. Year power output,

Pyear = E¢ x 705
=69231 x 705
P, car = 488.08 x10° KWh / year

03(d).
Sol: From the Pitot - static tube and manometer,
(i)  Po—P = (poil — pair)9Ah
= (827 —1.2)x9.81x0.046
= 372.65 N/m?
Centreline velocity

v _\/Z(PO—P):\/2x372.65

centreline —
p air 12

=24.92 m/s
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(i) Va = 0.85x24.92 = 21.182 m/s

Therefore, volume flow rate of air

x0.1> x 21.182 =0.166 m*/s

=T
4
(iii) Since the flow is turbulent

V.

centreline

V. =
¥ 141.33VF

Or, 1+1.33F = Yemem _ 14 475

V, 0.85

av

1.33Jf =0.176

JF=0.1323
£=0.0175

Hence, wall shear stress,

foV2,

8

~ 0.0175x1.2x21.182°
8

=1.178 N/m?

04(a).

ma

Sol: AFR =

= 16 kg/kgfuel

f
m, =16 kg/hr

h =20 mm of H,O column
Ta=27°C +273=300 K
Tyg=277+273 =550 K

Vact = 0.35 vy

Draught in mm of water is given by

h=ss3p| & _[Matl) 1
T, m, Tg

20— 353 H 1 (16+1) 1
300 16 /550

= H=40.43m

Density of flue gases

353(m, +1
pg __I__ m

g a

353 (16+1

=== j = 0.683 kg/m®
550 16

Mass flow rate of flue gases
m

m, =(m, +1)—"
g (m, )3600

=(16 +1)(%} = 8.5 kg/sec

Draught equivalent of hot gas column

.
H=H|| T |5 3
m,+1)T,

H = 4043 [ 18190 11| = 29 33 metres
16 +1 ) 300

Actual velocity of flue gases
Vact = k 2g H’
=0.354/2x9.8x29.33
= 8.396 m/sec

Mass flow rate of flue gases

mg = pg AVaC’[
8.5=0.682 x% D? x8.396

Diameter of chimney, D =1.375m

04(b).

Sol: Given Data:

W = 1000 N,

V1 =40 m/s

Cpb=13 p=1.2 kg/m®
Vo =4m/s
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\Y

By Newton’s second law of motion,

Y>F=ma
ie W_F, :m‘z—\t/ ()

When parachute comes down with steady
sinking speed acceleration is zero
S W— FD =0

1000 = C—2D X PAV?

2x1000

=—————=80.13 m’
1.2x1.3x4
From equation (1)
W—&psz = md—V
2 dt
. dt= rgdv
W — =B pAV?
2
CZmA ny
dt = _~pPR
2W 2
C,pA
bdVv
dt =— 7 (3)
where

2m  2x100
CopA 1.3x1.2x80.13

2W _\/ 2x1000
CpopA 1.3x1.2x80.13

Integrating on both sides

for= -2 s

a?—v?

tzifn
2a

Att=0,V=40m/s

L co"16 , [4+40]_
2x4 " "|a— 40|

a+Vv
a-Vv

‘+C

—0.04

£En
2a

1+V/a
-V/a

t= —-0.04

2W
C,pA

Note: a= =4m/s = Equilibrium

sinking speed at 99.9% equilibrium speed
V/a=0.999

_ 16
2x4

1.999
0.001

6‘ ‘ 0.04 =1.48 sec

From equation (1)

W-Fp= md—Vd—y
dy dt
w-Se oavz Zmy Y
2 dy
dy= Cm VdVv - (4)
W — =B pAV?
2
Comparing equation (2) (3) and (4)
deV
V2
—bJ. VdV
a’—v?
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~b ((~2v)av

=— |+

27 a*?-Vv?
y:_?bfn‘az —V2‘+c

Aty=0,V=40m/s,c=5.89
2
BY
a

- %ﬁfn‘m(l— 0.999°

=y= %En a’ +5.89

+5.89

=8.648 m

04(c).

Sol: Assumption :
The streamlines are parallel at locations (1),
(2) and (3).

—_— 7'y E : : : fﬂ
—_— (1) (2) 7 (3)
— ¢ 100 mm . 50 mm .
— v
— v Y
I— ! 2m l
Y Y :T:-:
Ah :E: Hg
o N -/
LT T
VD 4 4x0.015
Re, =——= Q

v 1D nx10°x01
=1.91x10° = Re;

= Flow is turbulent

Re, = 2xRe; (asd = D/2) = 3.82x10°
Thus, f,=f,=—2°° __=0015
(1.91x10° )

and f,=0.0127
Applying energy equation for points (1) & (3)
PV P, V¢

Y—+£+ley—3+§+z3+2hﬂ+hfz+h

+h

L contractin L exp:

nsion

Here, Vi =V3; and Z;=73
V2
h =K x—2
L contractio contractio 2g
2
Pl_PS — 2><f_1|—1Q2 _'_le—zQ2 % Qz +V722 1_&
Yo 12.1D°  12.1d° " 12.1d* 29V,

_ 2 2 2 2 2\
PR _20LQ° QT L@ QO 1_[ 50 j
Y 12.1D° 12.1d 12.1d" 12.1d 100

Q2 [Zfll—l Kconraction f2L2 1 9 i|
= —+ — X —
12.1] D° d* d® d* 16
Q? [2x0.015><4 048 0.0127x2 1 9}
= + + X —
12.1 0.7° 0.05* 0.05° 0.05* 16
2
= O'Oli [12000 + 76800 + 81,280 + 90,000]
_ 0.015” x 260080
12.1
=3.259 m

From the manometer,

P—P _ Ah(ﬂ_lj = Ah(13.6 -1)=12.6 Ah
Yw Tw

Thus, Ah :@ =0.258 m =258 mm
12.6

(i) When major losses, i.e., frictional losses are
neglected, then
P —P, 0.015° [
Tw

76800 +90000] = 3.1016 m

Thus, Ah = 3.1016 =0.246 m
12.6

=246 mm
Thus, there is a percentage reduction in Ah
given by

% reduction in Ah = (1—%}100 =4.65%
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05(a).

Sol: Given: Ah=740 mm =0.74 m
ds=100 mm=0.1m;
dg=80mm=0.08m

(2)
° ?—»Q
Pump
(1)
—>8 °
Tk
-:.:_'-: Ah
A Z

The velocity of water in suction pipe,

4Q 4x3.42/60
V, = 2 2
d; nx0.1

=7.257Tm/s

4Q _ . 3.42 y 1
nd; 60 mx0.08

=11.34m/s
Applying energy equation for points (1) & (2)

Similarly, V, =

we get,

2 2
i+V—5+Zl+hpump=&+£+z2
Tw 20 Tw 29

2 2
oump = P,—P + Vi — Vs +
Yw 29

From manometric equation:

h

P, + Ywa t yHgAh =Py + 'YWX(Zz— Zi1+a+ Ah)
P2 —P1 = (YHg — Yw)Ah —yw(Z2 — Z4)

Boh_ [Yﬂ—lJAh (z,-2,)
Yo \Tw

= (13.6 - 1)0.74 - 0.33 = 8.994 m

Substituting the value of LiSlit into
Yw

equation (1), we get

2 _ 2
h :8.994+11'34 7257 +0.33

Pume 2x9.81

=8.994 +3.87 + 0.33=13.194 m

05(b).
Sol:
(i) Dry matter produced by two cows
= 2x2 = 4 kg/day
As dry matter content in cow dung is only
18%, cow dung produced
= 4/0.18 = 22.22 kg/day
Equal quantity of water is added to make the
slurry. The amount of slurry produced per
day = 22.22+22.22 = 44.44 kg /day
Slurry volume produced per day

_ 4444
1090

With retention time of 40 days, total slurry

0.04077 m®/day

volume in the digester
= 40%0.04077 = 1.631 m*

As about 15% digester area is occupied by
the gas, the net
Digester size = 1.631/0.85 = 1.9185 m®
Gas produced = 4x0.22 = 0.88 m*/day
Thermal energy available

=0.88x23x0.6 =12.144 MJ / day

Continuous thermal power available

_ 12.144x10°

=~ =14055W
24 x 60 x 60
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05(c).

Sol: Given data:
P =50 MW,
N1 = 300,
o, =0.35,

NP,

sl = 4
H5/

150./P
i.e 300 = L\/_l

151.25

H=15m,
Ns, = 600,
c,, =05

N =150 rpm

= P, =3487 kW =3.487 MW
No. of unit of Francis turbine (n,) are

n, = i =14.34 =15 units

1 3.487
H,—H, ., —H

s,max Y
‘ H
For Francis turbine,

10.3-H,, 0.
035 = 103 Ham 03
15

H =4.75m

S, max

(@

st =

P, =13943 kW =13.943MW
Number of units for Kaplan turbine are,

n, = i =3.586 ~ 4 units

2 13.94
Critical cavitation factor for Kaplan turbine
isgiven by, o,=05
Ha - Hs max Hv
: =0.5
H

H, e =H, —H, —0.5xH

§,max

=10.3-0.3-0.5%x15 =25m

Hence, draft tube height for Kaplan turbine
should be less than 2.5 m and that for Francis

turbine should be less than 4.75 m.

05(d).
Sol: The combustion equation is written as
0.6CH,4 + 0.3C;Hs + 0.1C3Hg + a(O, + 3.76
N,) — bCO, + cH,O + dN,
Carbon balance :
06+06+03=b
=b=15
Hydrogen balance:
24+18+08=2c
=Cc=25
O, Balance:
2a=2b+c=2x15+25
a=275
N, Balance:
2x3.76a=2d
— d =3.76a=3.76x2.75 = 10.34
Air Fuel ratio,

m, _ 2.75x4.76x 28.97 — 16.49

M,  0.6x16+0.3x30+(0.1)44)

ma

My

=AFR

m, = (AFR)m, = 16.49 x 12 = 197.88 kg/hr
P =101.325 kPa, T = 298 K
Volume flow rate of air
m,RT
P

_ 197.88x0.287 x 298
101.325

=167.025 m°/hr

v, =
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Partial pressure of water vapor in products

_ No. of moles of H,o vap y
Total No. of moles

atm

B 25
15+25+10.34

=17.664 kPa
Corresponding to 17.664 kPa pressure

x101.325

whatever is the saturation temperature will be
the dew point temperature.
From the table given, DPT is 57.6°C (by

interpolation).

05(e).
Sol: Given data:
P; =200 kPa,
Vi=0.5m’,
M- PV, _ 200x0.5
RT, 0.287x300

T1 =300 K,

=1.16kg

If the piston just touches the stopper the
pressure of air becomes, P, = 400 kPa and

volume becomes, V, = 1m?®

Now,
Plvl _ PZVZ
Tl TZ
200x0.5 400x1
300 T,
= T,=1200 K

This process is represented on P-V diagram

as shown below.

//2

1

P

Again as air is heated to 1500 K so pressure
will rise further. Let this pressure becomes
Ps.
Now,
P,V, PV,
T2 T3
200x0.5 Pyx1
300 1500

This process is represented on P-V diagram

= P3 =500 kPa

as shown below

Complete process is represented on P-V

diagram as shown below

Applying first law of thermodynamics for

process 1-2-3

W:%x[P1+P2]><AV

= %x[zoo +400] 05 =150kJ

Putting in (i)
Q-150=1.16 x C, x (1500 — 300)
Q=1148kJ
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06(a).

Sol: For the heat engine, the heat rejected Q, to
the panel (at T,) is equal to the energy
emitted from the panel to the surroundings by
radiation.

If A is the area of the panel, Q, «AT,* or

Q, = KAT,*, where K is a constant.

KAT

= KAT;®?

W _ W
KTz3 (Tl - Tz) K(Tsza - T24)

For a given W and T;, A will be minimum
when

dA

e AT =T =0

w

?(3T1T22
Since (Tsz3 -T, )_2 #0, 3T,T; =4T;
" L: 0.75 Proved.

1

A W
™ K(0.75)T(T,-0.75T,)

W 256 W
[ 27 T 27KT,
256
Here, W =1 kW,

K =5.67x10°% W/m?K* and
T1 = 1000 K

24
o 256 x LKW x m?K 2= 0.1672 m?
™27 %x5.67x107° x10*

06(b).
Sol:

Vy Vi1=Vi

o4}

—>

U,

Speed = 10,000 rpm
Volume flow rate of air = V=600 m®/min

ncomp = 082
Tor =293 K; Po1 =100 kPa

- - P
(1) Pressure ratio of compressor = r, = —2 _¢g
01

—T,(r )7 =203(4) % = 43556 K

p

n Ws c TOZ TOl
W T02 TOl
T =T, 4T Tu _pg3, 435 .(5)6{53 ; 293
=466.85 K

Euler’s work = Uj = Cp(dT)

= 1005(466.85 — 293)
= 174719.25 m?/s?
= 174.71925 kW/kg/sec

(i) Blade velocity, U, =+/174.71925 x10°
=418 m/s

nD,N

U. =
260
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60U,
niN
60x418 _
nx10,000

Tip Diameter =D, =

} Outer Diametre
Inner diameter =

2
Inlet diameter = D1 = & = % =04 m
2 2
VZ
Ty, =T+
01 1 2Cp
2 2
T1=T01—ﬁ:293— 60 =291.2 K
2 2 %1005

p

E
To _[Pul” .
Tl Pl ,

Y

Tl 35
P,=Py Ly =1(Ej =0.9785 bar
T, 203

[L:(i):3.5 ; Y__lzﬁ:olzgg]
y-1 (14-1 Y 14

p1 = Density of air at inlet to eye

P, 0.9787 x10?

= - =1.171 kg/m®
RT, 0.287 x 2912

Discharge = Q = AV, = nD,W,,, x V;

Width of root = Wog =

root T[Dlvfl
600
= 60 _-0133m
ntx0.4x60
(iii) U, nD,N _ 7x0.4x10000
60 60

U; = 209.4 m/sec
Inlet blade velocity = U; = 209.4 m/sec

tana —Vfl —i
U, 209.4

Impeller blade angel at inlet, o

= tan‘l(ﬂj =16°
209.4

V.,
tan o, :—Ufz :_f108 (\/fl =V, )
2

V,
Diffuser blade angle at inlet = o, = tan™* —¢

2

= tan’1ﬂ =8.17°
418

06(c).

Sol: Given data:
DBT = 5°C,
Q =90 m*min,

Q, =40.7kW,

WBT = 2.5°C,

m, =40kg/hr, h, =2691.3kJ/kg

Initial state of air (state 1) can be obtained
from psychrometric chart knowing DBT and
WBT

T, =5°C,
h, =14kJ/Kg,

o, =0.0035kg/ kg,
v; = 0.792m%/kg
h1 can also be calculated as,
h,=c, T, + oa(cval + hfg)
=1.005x 5+ 0.0035(1.88 x5+ 2500)
=13.8kJ/ kg

_Q _30/60 _; g94kg/s

v, 0792
When 40.7 kW of sensible heat is added to
the air its enthalpy increases but specific
humidity remains same. The state 2 can be
determined by knowing enthalpy and specific

humidity.
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-0, =0, =0.0035kg/ kg

Qs = ma(hZ - hl) (b) Sphere’
5 so7 Re, = u,D _ 32><0.02i 47506
“hy =hy+ 2 =138+ 0 = 353 kIlkg v 16.84x10
: ' Nu = 2 + 144.56 = 146.56

Specific humidity of final state (state 3) can o 146.56x0.0262 _ 88 Wi K

be obtained by adding vapour added per unit - 0.025 Bl m

mass of dry air into specific humidity of state Q = h 7D? (Tw—T.)

2. = 153.6x7x(0.025)? (350 — 250)

0y =0, + M _ 0 0035 4 2073600 =30.15W

m, 1.894 o
i 595
cylinder
—0.0094 kg/k = =19.73
g g Qsphere 3015

By energy balance :

ma(h3_h2)=mshs 07(3_)

h,=h, + m, h. Sol: Given data :

Ma L, =2000 m, D,=05m, f=0017,
= 35_34_% x 2691.3=51.1kJ/ kg H,=500m, m=15 k,6 =0.40,
1.894 ¢ v

By knowing h; and s, DBT and WBT can d=8cm, k=09

be obtained using psychrometric chart B, =180° —165° =15°,

T,=27°C, T, =18°C N, =0.92, C,=0.98

(i) H,=H+h,
¥ Ho=—Y 4 % Lyv=c, 2gH]
Sol: 29C2 29D,
() Cylinder, where V is the jet velocity leaving the nozzle.
U D 32x0.025
Re, =—>— = = 47506 2 2
‘ % 16.84x10°° i.e 500:\/_ i+fix(ﬁ)
0.5 2/3 04 C\2/ DP \
Num = [0.4(47506)°° + 0.06(47506)%°] (0.708)"
=(87.18 + 78.98)x0.87 = 144.56 500 _V_2 i+ prd4
144,56 x 0.0262 g(C, D
h="" 5 025; = 151.5 W/m*K
' 500 — V? 1, 0.017x2000x 0.08*
Q=hnDL (Tw—T.) ~ 2x9.81| 0.982 0.5*
=595 W
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2 2
Ve 95.05 =479.5m

H= 2 2
20C, 2x9.81x0.98

h; =H, —H=500-479.5=20.5m

.. D
(i) m=E=15

-.D=15x0.08=1.2m

U=k,~/20H =0.46 x+/2x9.81x 479.5

=44.62 m/s
But, u= nDN
60
N o 80x44.62 710.1rpm
ntx1.2
(iii) The maximum wheel efficiency is given by
(nW)max _1+ k(;osB2 _1+ 0.9;:0315 0935

The maximum overall efficiency is given by
(Mo e = Mo X (M e XM
=Cx(My o xMn (1, =C7)
=0.98% x0.935x 0.92
=0.826

. Prax = (Mo e X PIQH
—0.826x9810 ><§xo.082 %95.05x479.5

=1.856 MW
(iv) The theoretical runway speed is obtained
corresponding to bucket speed equal to jet
speed.
ug =V
nDNg

i.e =95.05

_ 95.05% 60

N
R ntx1.2

=1513rpm

07(b).
Sol:

T,=288K
p. =1 bar

Iy
M, Compressor

N = 3000 rpm

Engine
o |

T=120Nm

— <

d=01m /2

L=0.12m a

Nm = 0.85
ne=0.9 S

=

A
g
\A4
|

T3=328K L

ps = 1.7 bar

(ma - mc)
v

To consumer

. 2nNT _ 27x 3000 x120
(i) bp= =
60 60 x1000

v _bp 377
N, 0.85

=37.7kW

=44.35 kW

ip=p ﬂ>< no. of cylinders
2% 60

3000 1

x4 x—

120 10°

0. = 44.35x10°% x 4x120
" 0.12xn(0.1) x3000x 4

Or, 44.35=p, x0.12 x%(O.l)z x

= 4.706x10° N/m?
= 4.706 bar

(i) Engine swept volume, V, :%dZL
Volume swept by the piston per min.
V, = gdngx no.of cylinders

3000 a

:%x(0.1)2x0.12><

= 5.655 m*/min
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Rate of volume flow of air into the engine,
V=n,xV,

= 0.9 x 5.655 = 5.09 m*/min
Rate of mass flow of air into the engine

pV _ 1.7x10°x5.09
m -

= =9.192 kg/min
RT 287 x 328

=551.5 kg/h

(iii) Power output of engine = Power absorbed by
the compressor
= gain in enthalpy per unit time in the
compressor
=m,(h,-h,)
=m,c, (T,-T,)
M, x1.005(T, —288)=37.7 kl/s ------- (1)
where m, is in kg/s,
Energy balance in the after cooler

m, xc, (T, —Ts)z%kus

Or, , x1.005(T, —328) =20

Dividing equation (1) by (2),

T,-288 37.7
T,-328 20

T,=373.2K
From equation (1),

: 37.7
m. =
*  1.005x(373.2-288)

= 0.44 kg/s

= 1584 kg/h
Rate of air flow available to the consumer
= 1584 — 551.5 = 1032.5 kg/h

07(c).
Sol:

101.325 x (75 —0.05)
0.287 x (273 +6)

=94.84 kg
Mass of oil =950 x 0.05 =47.5kg

(i) Mass of air =

we take “air + oil” to be our system and room
boundary as system boundary.
By first law of thermodynamics for closed
system.
Q-W=AU
Let the heater is switch on for t sec
—0.75 x t — (-2.4x t) = 94.84 x 0.717 x (20-6) +
475 x 2.2 x (60 — 6)
= t=3997 sec = 66.6 minutes

(if) Exergy destruction = Ty x Sgen

Sgen =My XC, Kn(%] + Mg, xCx Kn(%j + Qxt

i i To

293 333 ) 0.75x3997

=094.84x0.717x n| — |+47.5%x2.2xIn| — |+ ———
279 279 279

=3.33+18.49 + 10.74 = 32.56 kJ/K
Xdestroyed = 279 x 32.56 = 9084.24 kJ

(iii) Exergy supplied = 2.4 x 66.6 x 60
=9590.4 kJ
Exergy destroyed = 9084.24 kJ

 9500.4-9084.24
M 9590 4

x100 =5.28 %
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h.L
" _8055
K
. 0.3m P 80.55x 0.028
— 0.5825
—> K- -110.3m _
h =3.8722W/m? - K
Given : | =10m | Quop = h.AXAT
Pr=0.695 = 3.8722x10x0.3x(65-25)
v = 1.85x10 °m?/s Quop = 464.67 W
k =0.028 W/m-K Heat transfer from bottom surfaces—
T..=25°C = 298 K Nu=027(R, J'*
w = 65°C =338 K 4
= 0.27(495.257 x10° |
Gr = g.pAT.L -
r_—vz Nu = 40.27
. —h"‘limwm =40.27
9.81x| - |x(65-25)x
298+338 Z 338 h = 40.27 x k
- (1_85 <105 )z B 40.27L,,,,,,x0.028
0.5825

Gr =3.605x10°.L°
(Ra)L=Gr. Pr

(Ra)L = 2.505x10° L3

For upper and lower surfaces,
Characteristic length,

_ 4A, _ 4x10%x0.3 ~ 0.5825m

P 2(0+0.3)
I—top = Lpottom = 0.5825m
(Rau)top = (RaL)bottom = 495.257x10°

For both the vertical sides, characteristic

Iength, Lvertica| = 03m
(Ra) Lside = 67.65x10°
Heat transfer from the top surface:

Nu =0.54(R, )"

=0.54(495.257 x10°)"* = 80.55

h=1.937 W/m?K

(Q)bonom = HA AT
= 1.937x10x0.3x(65-25)
=232.335 W

Heat transfer from vertical sides
Nu=059(R, J'*

= 0.59(67.656x10°)**
Nu =53.509

=53.509

x| =l

53.509 x k
L

=
I

vertical

53.509 x 0.028
0.3

h=4.994 W/m?-K

=l
Il
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Heat transfer from both the vertical sides (b) Medium Scale
Q=2xhxAxAT Medium scale windmills generate power at a
= 2x4.994x10x0.3x(65-45) range of 2-100 kW. These type of wind
Qsiges = 1198.60 W machines are especially applicable for local
sides — .
Total heat transfer from all the sides use.
Qtotal = Qtop + Qbottom + Qvertical sides (C) Large Scale
— 464.67 + 232 335 + 1198.60 Large size windmills can generate more than
Quoral = 1895.605 W 100 kW of electrical power. It is used for
otal — .
distributing the power in "central power
grids". It can be divided into two groups such
Ans: Windmill: It is a device which converts the as,
kinetic energy of wind into the mechanical (i) Single generator at a single site
energy of the turbine shaft. It is also called (if) Multiple generator at various sites over
wind turbine, an area
Classification of Windmills
Windmills are generally classified into five I1. Based on the Type of Output Generated
categories. (a) D.C output
I.  Based on the Axis of Rotation () A.C output
a) Horizontal Axis Machines :
@) IV. Based on the Rotational Speed
In horizontal axis machines, the direction of . . .
(a) Constant speed with variable pitch blades
rotation of windmill is horizontal. N .
(b) Nearly constant speed with fixed pitch
(b) Vertical Axis Machines
blades
In vertical axis machines, the direction of i N .
(c) Variable speed with fixed pitch blades
rotation of windmill is vertical. In this type,
the blades of the turbines are provided | V. Based on the Utilization of Output Mode
vertically as in case of ancient Persian (a) Battery storage
windmill. (b) Direct connection to an electromagnetic
energy converter
1. Based on the Size
(c) Other forms of storage such as thermal
(a) Small Scale .
potential etc.
Small scale windmills produce electrical . . .
(d) Interconnection  with  conventional
output upto 2 kW. These type of windmills s .
electric utility grids
are used on farms, remote applications and
places where less power is required.
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horizontal and vertical axis wind machines

are briefly described as follows,

1.

Axis Wind Mill
working principle :

Horizontal (HAWM)
1. It is a wind turbine in which the axis of the
rotor's rotation is parallel to the wind stream
and the ground. It is built with a propeller
type
horizontal main shaft. It may have two (or)

rotor on a horizontal axis i.e, a
three blades (or) more blades. The rotor
converts linear motion of the wind into
rotational energy that is used to drive a
generator.

The basic principle is that the flow of air is
parallel to the rotational axis of the turbine
blades. The wind passes over both surfaces of
the blade creating a lower pressure area
above the air foil. The pressure differential
between top and bottom surfaces results in
aerodynamic lift. The blades of the turbine
are constrained to move in a plane with the
hub as its centre, the lift force causes rotation
about the hub. In addition to lift force, a drag
force perpendicular to lift force impedes rotor

rotation. It has high lift-to-drag ratio.

Rotation

=

Aerofoil
blade

Axis Wind Mill

working principle :

Vertical (VAWM) -
A vertical axis wind mill is also known as
"panemones™ as shown in the figure. This
type of wind mill is operated based on lift
and drag devices. The devices such as plates,
cups and wind turbines are used in the
vertical axis wind mills. An example of
vertical axis wind machine is a cup
anemometer which consists of concave and
convex surfaces. When the direction of wind
acts towards concave surface, more drag is
produced, as a result of this anemometer
rotates. When the anemometer passes across
the wind, it undergoes a little amount of force
(lift) and due to their convex surfaces wind
gets deflected and reduced in pressure. The
main function of cup anemometer is to rotate
the rotor within a limited range of tip speed
ratio which makes its rotational speed nearly
equivalent to wind speed. The major
advantage of vertical axis wind mill is that, it
does not turn into windstream as the direction

of wind changes.

Guys

6.5m

pd

Vertical shaft

X XK XXX

Generator

Support
structure
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08(c). 6.7664 = 1.8418 + X, (6.7664 — 1.8418)
Sol: X2 =0.986

T

(i)

1

b1 kg

N (1-m;) kgs
4 (1-my—my) kgs

At 20 bar, Tg =212°C
At 0.1 bar, Te=46°C

At 20 bar, 300°C :

h; = 3023.5 kJ/kg ,

S; = 6.7664 kJ/kgK,

S1=S,=S3=S4
Temperature difference between feedwater
heater

_ (Tsat)boil B (Tsat)con

n+1
Here, n = 2 feed water heaters

_212-46
2+1

Temperature of first feed water heater
= (Tsa)boit — dT =212 - 55
= 157°C ~ 150°C (assumed)
Temperature of second feed water heater
= (Tsat)boit — 2 dT = 212 — 2x55
=102°C ~ 100°C (assumed)

Assumptions are made based on data values

dT =55°C

given in steam tables in the problem.
S1 =52 =6.7664 < s4 at 150°C
hence is wet state

S1 = Sf2 + X2(Sg2 — Sr2)

(i)

ho = hgp + X2 (hg2 — h)
=632.2 + 0.986 (2114.3) = 2716.9 kJ/kg

S1 =53 =6.7664 < sq at 100°C — wet state
S1 = S13 + X3(Sg3 — Sf3)
6.7664 = 1.3069 + X3 (6.048)
x3 =0.903
hs = his + X3 (hgz — hia)
=191.83 + 0.903 (2257) = 2457.1 ki/kg

S1 =54 =6.7664 < sq at 46°C — wet state
S1 = Sts + Xa(Sg4 — Sta)

6.7664 = 0.6493 + x4 (7.501)

X4 =0.816

hs = hea + X4 (Ngs — hya)
=191.83 + 0.816 (2392.8) = 2144.3 kJ/kg

As pump work is neglected
hio = hg, hg =hy, he = hs
Energy balance for feed water heater (2) HP

heater

m; 1

h2 h9
hg T(l — ml)

ms h2+(1—m1) hg = hg
m, = hg — hs
h, —h,

~632.2-419.04

2716.9-419.04

= 0.093 kg
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hg = (hf)150°C =632.2 kJ/kg
hg = (hf)100°C =419.04 kJ/kg
hs = (hf)46°c =191.83 kJ/kg

Energy balance for feed water heater (1) LP

heater
mzl h3
(1 —my—my) hs
hs (1 - ml)

(1—m1—m2) h5+ mo h3: (1—m1) h7
(1— m]_) h6 + My (hg— hs) = (1— m]_) h7
my (h3 — hs) = (1 — m]_) (h7 — hs)

(1-0.093)(419.04 -191.83)
(2457.1-191.83)

= 0.091 Kgs

Wi =1 (hy —hy) + (1 —my) (hp— hs) + (1 —m;
—my) (hs —hy)
= 1(3023.5 - 2716.9) + (1 — 0.093)(2716.9
_ 24571) + (1 — 0.093 — 0.091)
(2457.1 — 2144.3)
W+ =797.48 kl/kg

(iii) Heat supplied,
Q1 =h; —hg =3023.5-632.2
= 2391.3 ki/kg
W, - W,
Q.

_797.48-0 _ 0.3334 or 33.34%
2391.3

MNeycle =

3600

(iv) Steam rate =
net

- 3600 = 4.514 kJ/kWhr

797.48
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