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Seventh Semester B.E. Degree Examination, Jan./Feb. 2023
Thermal Engineering
oy
Time: 3 hrs. f‘% Max. Marks: 100
l‘\‘?;“,: & ,.21‘ "
" Note: 1. Answer any FIVE full questions, @lﬁvo}ing ONE full questiq!p‘ffofn each module.
4 2. Use of Heat transfer handbook is p‘e??hitted. \vad
E Module-1 &Y
& 1 a Define the following with exataples: v\;?\
g Q) Open system i) Closed system % (iij) Path function
B (iv)  Point functiorxg ¢ 7 (v) Intensive properties (10 Marks)
2 b. Explain Quasi-static g; E&s with a neat sketch. /\"*\\ (05 Marks)
3 c. State the zeroth law ofithermodynamics. Explain thermodynamic equilibrium. (05 Marks)
= <4 . v
v O ORS,
& 2 a. Distinguish betye€n thermodynamic hea%; work. (08 Marks)
& b. Compute the work done by 1 kg of a flui .zystem as it expands slowly behind a piston from
g an initia1%’nre sure of 6x10°> Pa arfgﬁal volume of 0.06 m’ to a final volume of 0.18 m’ in
£ the following process : V
g (1) © Pressure remains cor%ant. ,{fﬁ:;,
§ (11) Vollu3me remainﬁ constant. g\ng? N
g (i) Pv '~ = constant¥ N )Y (06 Marks)
8 A spherical ballon of lﬁmeter contains a gas at 200 kPa. Thesgas inside the ballon is
kS heated until the pressuré{reaches 500 KPaQ(ﬁ'?ﬁlg the process of héating the pressure of the
s gas inside the ballen iS proportional to the'eube of the diarr%e\gyof the ballon. Determine the
§ work done by tl%g inside the ballotgé'; . vz’f ' (06 Marks)
£ . Module-2 ¢
g& 3 a State the aw of thermodyndfhic for a cyclic pIQ%SS and show that internal energy is a
- property ofA system. - 3, ?>' (10 Marks)
= b. State the/I"™ law for a closeg;s% tem undergoing a change of state. (05 Marks)
%s c. at ére the modes in % nergy is stored&i% a system? (05 Marks)
= | ¢ >
5 » N .
@ 4 a Explain Carnot’s %\' ible heat engine with figure. (05 Marks)
b. Explain thermodynatic temperature Seale. (05 Marks)
c. mé} ine operates between temperatures T; and T (T,>T). The energy rejected

A reversibl
from this e%ipe is received by asecond reversible engine at the same temperature T. The
second engine rejects energﬁat femperature Ta(T<T).

Show that \ . .
(i) Temperature T is thearithmetic mean of temperature T and T2 , if the engine produces

the same amount of work output. _ _
(ii) Temperature This the geometric mean of temperature T, and T, if the engines have the

same cycle efficiencies. (10 Marks)
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Module-3 . ( ky)
A ———— . ~ X
S a. Explain dual cycle driving an expression for its emcleqCY-t o{1"\MPa, 35°C. The compression
b. i ; is supplied WI 9 emper: 0
An engine working on the otto cycle is supplied with air at Tk ’ e and temperature of

(dmum pressure
ratio is 8. Heat supplied is 2100 k/kg. Calculate the maxﬁﬁum p
the cycle, the cycle efficiency and the mean effective, pressure. (10 Marks)

(For air, Cp = 1.005, Cy = 0.718 and R = 0.287 kJ - S
. ©®

@

OR & )
6 a. Explain the modes of heat transfer with goveémg law and equation. )
b. Describe boundary conditions of 1%, 2™ aﬁdgg;é’ kind with figure. @

(10 Marks)
(10 Marks)

Module-4 : :
7 a. The temperature distribution across a large concrete slab 50 émé’thlck heated from one side
N

as measured by thermo couples a’bﬁroiimate to the relation @
T=60-50x +12x2 +20x* =15x %«

Where T is in °C and x is i r considering area of 5 em’. Compute
(i)  Heat entering and jeaving the slab.

(i) Heat energy st unit time for concret 2 W/mK. (10 Marks)
b. A composite slab isﬁe of two layers of differefit materials A and B such that, layers A

has conductivity@~ Ka = 0.5(1+0.008T), and is 5 cm thick, while the layer B has

conductivity 2% and is 2 cm thick, exposed surface of layer A is insulated while
that of the layer B is exposed to the flujdvat 20°C where the heat transfer co-efficient is

30 W/m’K.,]If the temperature at the interface between the two layers is 80°C, find
(i)  Rate of heat flux from slab toghe fluid.
(i) ., Maximum temperature in thesystem.
(iii) The distance of a point at from insulated surfac

" ‘ .
orR ) D
8 a. Asquare plate 40 cm m maintained at 4Q0:K is suspended vﬁ§aﬂy in atmospheric air
@ )

at 300 K.
(i) Determine tg%undary layer thi &of the plate.

(i) Calculate erage heat tra
N, =0.506(G,, P )**

(10 Marks)

V =20 0 m’/s ; K = 003" 0.7 (10 Marks)

b. A thi cm diameter hogizaptal plate is maintairied at 120°C in a large body of water at
80°C: The plate converts hedt from its top and’bottom surfaces, Determine the rate of heat
mp‘yt to the plate necessaryto maintain th@perature of 120°C. (10 Marks)

Pad

Modile-5
9 a. Hydrogen at 9°§a data pnasstgfg,t 1 atm, is flowing along a flat plate at a velocity of
3 /s, If the(plaje is 0.3 m wide i at 45°C. Calculate the following quantities at x = 0.3 o
and at thefﬁ’%a{ce corresponding/to the transition point, i.e. R_ =5x10°.
(i)  Hydrodynamic lgougdary layer thickness.
(i)  Local friction‘€o=efficient.
(iii)  Average friction coefficient. .
(iv)  Thickness of thermal boundary layer in cm.

(v)  Drag %‘%’qg

nvective heat transfer co-efficient.

vi) Local .
Evii) Aveﬁ?e convective heat transfer co-efficient.
(viii) «Rate of heat transfer. (16 Marks)
b Explain%pﬁiiSical significance of Reynold’s number and Prandtl number. (04 Marks)
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10 a. Two concentric cylinders having diameters of 10 ¢

Y
Calculate the radiation shape factor between the open
b.

16,20 cm have a length of 20
"!.li?‘ of the cylinders, - o

Two large parallel plates are at 1000°K and 800°

area where

> 011 (10 Marks)

I§®etenmne the heat exchange per unit
®

(1) The surface are black. %

(i) The hot surface has an emissivity of 0.9 &nd cold 0.6,
(iii) A large plate of emissivity 0.1 is in

between them,
Also find the percentage reduction in h@ nsfer because of introduction of the large plate.

(10 Marks)
4
(»n? * ok % K
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