—2020-

Fy

RANK IMDrovement

WORKBOOK

Answer key and Hint of
Objective & Conventional Questions

Mechanical Engineering
Heat and Mass Transfer

Publications




w Objective Questions ]

m Objective Questions ]
BN @
EN ©219

Conduction

‘uorssiwad usiiMm 8y} INoylIM Wloy Aue Ui pasi|iin 1o paonpoldal 8q Aew %00q siu} jo Led oN 1yjed maN ‘suoieolignd ASY3 IAVIA 0} Jelew joelgns 3ybuAdod @

(www.madeeasypuincations.org

MRDE ERSY

© Copyrighg
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m Conventional Questions ]

k 043
r.=—-—=—-—-=0.03788m =37.88 mm
¢ h 1135

37.88 -2.6 = 35.28 mm

Heat loss with critical radius of insulation

Solution : 32

So, Critical thickness

T,=333K T,=303K
AW ———
3788 1
26 11.35 x 27 x 37.88 107 —1
2nx0.43x1
. 333-303
9= 13788
26 1
2nx0.43x1 11.35x 2r x37.88x 1073
30
= ——— =22026 W
0.992+0.37
Heat loss with 20 mm insulation
T,=333K T,=303 K
A
|n2%§ 1
2.6 11.35% 2nx22.6 %1073
21x043
g 30 =21.11W

~ 0.8004 +0.6205

Heat loss with 60 mm insulation

T,=333K T,=303K
— AW W———
62.6 1

In——
__ 26 11.35% 2% 62.6x1073
2nx0.43x1
. 30
g =21.41W

T 11775+0224
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4 Mechanical Engineering ® Heat and Mass Transfer MBDE ERSY

Solution : 33

The equivalent circuit can be drawn as follows

Contact Resistance
R, = 0.002 m? k/W

//’/> K=0.027 W/mK
LT
LT —]
Window ?
oy ] ? h, =2 WimPK (with insulation) -
~1 K=1. 1 1 —MWM—WW— WWV—WW—WW— T,
hy =20 W/m?K W/m2K ?% h;=5 W/m?K (without insulation) 1 L, Ric Lins 1
? heA K,A A KinsA h,A
/
/
6 mm 25 mm

Now if insulation is used heat transfer per unit temperature change per unit area

Q B 1
AAT i+L7W+RtC+L/ﬂ+l
/70 KW Kins /7/'
_ ! — = 0.677 W/m2K
i+0.006 £0.002+ 25x10 +1
20 1.4 0.027 2
If there is no insulation
Ti—MWW—WW—WW\—— T,
1 L, 1
hoA KA h,A
Q 1 1
_ _ _ 2
AN l+i+l = L+0-006+1 = 3.933 W/m?K
h K, h 20 14 5

(i) Reduction in heat loss

AQ = 3.933-0.67 = 3.263 W/m2K
% Reduction = % =82.96 %
3.933
(i) Forinsulated, heat loss is
Q
—— = 0.67 Wm2K
AT 0.67 W/m
f A=12m?2
and AT = 20— (-12) = 32°C
= Q=067x12x32=257.28W
Without insulation
Q
—— =3.933
AAt
If A=12m?

vaw.madeeasypuincations.org MRDE ERSYH © Copyrigha




MBDE ERSY 1 Rank Improvement Workbook 5

and AT = 32K
Q=38933x12x32=1510.27 W
(iii) Reduction in heat loss

= 3.263 W/m2K
For A=12m?
and AT = 32K
Reduction in heat loss = 1.253 x 103 MW

In 12 hours = Energy lost due to no insulation = 1.253 x 107 x 12 x 60 x 60 = 54.13 MJ
Efficiency of gas furnace = 0.8

o413 =67.66 MJ per day
0.8

Daily savings = Rs. 67.66 per day

Heat energy required

Solution : 34

Given, r,=75mm,r ,=80mm,rz=80mm,r z=110mm, r,_ = 110mm, r

v o oc =160 mm

‘\ 30 mm| 50 mm

|n roiB
Resistance circuit R.= lig
B 2mkgl
T, T,
T1 B C TO
In| foA
liA
R, = d
A
2nkpipeL
In[ foC
_ _\lic
€7 2nkeL
Rt = R4+ Rz + A (Considering L = 1 meter)
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6 Mechanical Engineering ® Heat and Mass Transfer MRDE ERSY

_ In(80/75)  In(110/80) _ In(160/110) _ oo
" 2nx58x1 2nx 0.18x 1 2mx0.09x1 ~ @

T;-To _320-40
R  0.94435

Qoer meter = =296.49 Watt /m

Now to calculate Tzand T,

320-T,

= T5 =319.94°C
R

296.49 =

Very small temperature gradient due to high conductivity of steel pipe.

Also, Q= ﬂ
R, +Rg
320-T,
20649 = ——= = T, =236.46°C
949 = Gogr75 ¢
(i) Heat extracted by steam = 296.49 Watt
Meteam = 932 _ 5 333x107® kg/sec
60
296.49
Hence energy lost by 1 kg of steam = ————— =55.59 kJ
% y e 5.333x107°

So, the enthalpy of the steam coming out of one metre pipe is

h = 2703 - 55.59 = 2647.41 kd/kg
Now, 2647.71 = 1463 + x(1240) = x = 0.955
So the value of dryness fraction x = 0.955

Solution : 35
The temperature at a specified location at a given time can be determined from the Heisler charts.The half-

thickness of the plate is L = 0.02 m. We have

A kM0 s
Bi T hL 120x0.02
-6
Foz%tzsagmo >;7><60235l6
[ (0.02)

When Bl =458and Fo=35.6
i

To =T _ 0.46
-T

=

|

1 X

—=458and{=—="1
Also, 7 € ]
T,-T.
T,-T.

C oo

0.99
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MBDE ERSY I Rank Improvement Workbook 7

where, T, is surface temperature of plates after a lapse of 7 min, T_is temperature of plates at centre.
T.is surface temperature of plates when it leaves oven and T_ is an ambient temperature.
T.-T, T,-T,

x = 0.46 x 0.99 = 0.455
T-T. T,-T.

T, = 0.455(20-500) + 500 = 281.6°C
Wh|ch is the surface temperature of the plates after a lapse of 7 min.

Solution : 36
Given that: Voltage, V = 66 kV = 66000 Volt, Current, I = 900 ampere, Wire dia, d = 10 mm = 0.01 m
h =10 W/m?K, t_=35°C, Thermal conductivity, k = 380 W/m-K,
Resistivity, p = 1.75 x 108 Q-cm = 1.75 x 108 Q-m
l

So, as R = pA—c
or L !
7P T2
4
nVa?
= [ =
41p
= [ =329119.23m
Heat generated, Q = VI = 66000 x 900 = 59.4 MW
(i) Heat generation per unit volume, Qg = Q
T 2
—=d°l
4
= Qg = 2.298 MW/m3

(i) Under steady state condition:
Heat generated in wire = Heat convected to surroundings

= 59.4x 10° = hxmdl x (t,—t)

= 10 x 1 x 0.01 x 329119.23 x (t,— 35)
Where ty = Surface temperature of wire
= ty = 609.49°C

(iii) Maximum temperature in the line,

6 2
t = QQ B2 — 609.49+2'298X10 « 0.01
4/< 4% 380 2

= 609.49 + 0.038 = 609.528°C

Solution : 37
Given: Two insulation layers on a copper conductor:
I=1000 A, k=390 WmK, d, =25mm=25x10°m, r,=125x 103 m, p=1.08 x 108 Q-m,
ry=17.5mm=17.5 x 108 m, k, = 0.068 Wm.K, k, = 0.42W/m.K, T_=20°C, h=20.5 W/m2.K

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




8 Mechanical Engineering ® Heat and Mass Transfer

To find:

(i) thickness of plastic corresponds to minimum temperature in a cotton insulation.
(i) temperature of copper rod and maximum temperature in plastic layer.

Assumptions:

(i) Steady state conditions.

i) Heattransfer in radial direction only.

(
(iii) No contactresistance at interfaces.
(

iv) 1mlength of copper conductor.

Analysis:

(i) thickness of plastic layer for minimum temperature in cotton fibre insulation:

Cotton fibre

Plastic

(b) Thermal network

For given system the heat transfer rate is given as:

AT AT
Q= 3R, ~
LTS 2 In k]
n n 1
+ +
onlky 2nlk, (2mrl)h

MRDE ERSY

For maximum heat transfer rate through plastic layer, which give minimum temperature of cotton insulation.

Differentiating above equation w.r.t. r,

or

1 () (1) 1 (1
a0 Ot ontio m [ % | 2ninl 2
= = 0=AT 2\8) A2 8
ar, ; r 12
In[Z) In(3)
1 I 1
+ +
omlky  2mlky,  2mrlh]
L = —— 0orr, = Q
ko rsh % h

(Condition of critical radius of insulation)
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MBDE ERSY I Rank Improvement Workbook 9

0.42
ry = 5

ﬁ =0.020488 m = 20.488 mm

Thickness of plastic layer = r; —r, = 20.488 — 17.5 = 2.988 mm
(i) Temperature of copper rod and maximum temperature in plastic layer:
(@) Temperature of copper rod:

The resistance of 1 m copper conductor

p_PL__pL _ 1.08x1078 x 1
= b -
Ao (T2 (™ |x(5x1073)2
4 4
= 22x105Q/m

Heat generation rate per metre, in copper conductor
Q =1%R,=(1000)2 x 2.2 x 10

= 22.0W/m
The individual resistance in thermal network
1 = ’ f—
Ay = onlk; 2mx1x0.058 0.923 KW
n % ln(2(1).7428)
Pl .
R, = = =0. 7 K
27 2nlky 2mrx1x0.42 0.0597 K/W
R B 1 1
cov T 2nnlh  21x20.488 x107% x 1% 20.5
= 0.379 K/W
The heat flow rate, Q = AT = (i~ T..)
ZRth R1 + RZ + Rconv.
or T,—-20 = 22 x(0.923 + 0.0597 + 0.379)
or T, = 20+ 29.9574 = 49.9574°C

(b) Maximum temperature in plastic layer:

It will occur at cotton fibre insulation and plastic layer interface, say itis T,. From thermal network

T,-T,
Q= 1/? 2 0r49.95- T, = 22 x 0.923
1

or T, = 49.9574-20.306 = 29.6514°C

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




10 Mechanical Engineering ® Heat and Mass Transfer MBDE ERSY

Solution : 38
Given: A composite wall
Al =5mMx8m=40m?

For representative cross-section of wall

k, = ke=2W/mK, kg = 8W/mK,
ko =20 W/m K, kp = 15 W/mK,
ke = 35 W/m K, L, =1cm=0.01m,
Lg= Lo,=5cm=0.05m, L, = Lg=10cm=0.1m,
Lr=6cm=0.06m,
z=6cm+6Ccm=12cm=0.12m,
Zg=Z,=4cm=0.04m w =100cm=1m,
Zp=2zg=6cm=0.06m T, = 300°C
T_=50C h = 20 W/m2.K
T, =300°C T.=50°C
4 iﬁ T b h=20 W/m?2 K Re
6 cm R VVVY VVVV
iz A Q T T AW MW
A |4om E F > RB RF Rconv
‘*E T /(I AVAVAVAV AVAVAVAV '
6 cm R R
4 c E
im l '\0006\ (b) Equivalent thermal network
! <10 o<t
m 6 cm
(a) Schematic
To find:

(i) Heattransfer rate through composite wall,

(i) Temperature T, at the point where section B, D and Emeet, and

(i) Temperature drop across the slab F.

Assumptions:

(i) Steady state heat conduction.

(i)  No contact resistance at interfaces.

(i) No radiation heat transfer in the system.

Analysis:

(i) Equivalent thermal network for given composite wall is shown in above figure (b).

The cross-section area of representative portion of wall

A = wxz=(1m)x(0.12m)=0.12m?
Area for section Band C,
A, = wxZzg=1mx 0.04 = 0.04 m?

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha
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Area for section D and E,
Ay = wxZz,=1mx0.06 m=0.06 m?

Individual thermal resistances of thermal network

L 0.01
R,= A =~ =0.04167K
AT kuA 2x0.12 004167 KW
Ry= -8 =008 _¢ 45605 kW
kgA,  8x0.04
Ro= e =905 40605 Kw
koA, 20x0.04
L 0.1
R,= —£—= =0.111K
P kpA;  15x0.06 W
Ro= £ - 91 _g0476 kW
keA;  35x0.06
L 0.06
R.= —f—=——"—_ =025KW
FookeA, 2x0.12 /
R -1 1 04167 KW

Conv. /’7_A1= 20%0.12
The resistance Rgand R, are parallel as shown in thermal network figure (b), their equivalent resistance

1 1 1 1 1 1 1

—t—+—= + +
R ARg A, 00625 0.15625 0.0625

‘

=384 = 0.0260 K/W

Further the resistance R,and R are

o b

arallel as shown and their equivalent resistance:

1 11 1 1
—t—=—+
R, Re 0.111 0.0476

Rqu

D
= 30.017 W/K

1

= 0.0333 K/W

R 30017

eq2
Now resistance R, F?em, F?eq2, Rrand R, are in series as shown in figure (c).
T T, T, T, T

Ry R

eq1 R

eq2 RF Rconv. Q
(Modified thermal network)
z“/:?th = 'L?A + 'L?eq1 + Reqz + 'L?F+ RconvA

= 0.04167 + 0.0260 + 0.0333 + 0.25 + 0.4167
= 0.76767 K/W

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




12 Mechanical Engineering ® Heat and Mass Transfer MBDE ERSY

Heat flow rate in representative section of wall

_ T,-T. 300-50

Q= = =325.66 W
Ry, 0.7677
Heat transfer rate from total surface of the wall
_ Wall area _Ox Aall
Representative area A,
= 325.66 x 40
0.12

108.55 x 108 W = 108.55 kW.

(i)  Temperature T,

Considering the heat flow through resistance R, and Rem,

0. L=l
H’A+H’eq1
or T, = Ts—Qx(F?A+F?eq1)

= 300-325.66 x (0.04167 + 0.0260)
= 300-22.03 =278°C
(iii) Temperature drop across slab F:
The heat flow through slab Fcan be expressed as:
e
Re
or T,-T,= QR;
= 325.66 x 0.25=81.415°C
Solution : 39

Refractory bricks

Air gap
Insulating fire bricks
Plaster

h cf

f d I
L,=120cm Lg=120cm L;=12mm

Thickness of refractory brick, L, = 1200 mm =0.12m
Thickness of insulating fire brick
Lg=120mm=0.12m

vaw.madeeasypuincations.org MRDE ERSYH © Copyrigha




MRDE ERSY I Rank Improvement Workbook 13

Thickness of plaster, Lo=12mm=0.012m
Heat transfer coefficient from the outside wall surface to the air in the room,
hy = 18 W/m?C
Resistance of air gap to heat flow = 0.16 K/W
Thermal conductivities:
Refractory brick, k, = 1.6 W/m2°C
Insulating fire brick, kg = 0.3 W/m2°C
Plaster, k, = 0.14W/m°C
Temperature: t,;= 1090°C; t = 20°C

Consider 1 m? of surface area.
() Rate of heat loss per m2of surface area, g:

(thf — tcf)

a= T o
~A + air gap resistance + -2 +- ¢ + —
kA B kc hcf
_ (1090 — 20)
012, 014 212, 0012, T
1.6 03 014 18
1070

0.075+0.16 +0.4+0.0857 + 0.0555
1378.5W or 1.3785 kW
i.e., Rate of heat loss per m? of surface area
= 1.3785kW
(i) Temperatures at interfaces, t,, t;, t,:

1090-t,  1090—t, 1090 —t,

Q=13785= - -
Ly 0.12 0.075
K4 1.6
t, = 1090 - 1378.5 x 0.075 = 986.6°C
t,—t 986.6 -t
Q=13785= ——=2_3 = 3
air gap resistance 0.16
= t, = 986.6 —220.56 = 766.04°C
~t, 766.04—-t, 766.04-t
Al = 1378.5 = 4 _ 4_ 4
50, Q= LB 0.12 04
kg 0.3

= 766.04 - 1378.5x 0.4 = 214.64°C
(iii) Temperature of the outS|de surface of the walll, f;:

ty—ts _ 214.64—t; 21464t
Lo 0.012 0.0857
ke 0.14

t. = 214.64-1378.5 x 0.0857 = 96.5°C

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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14 Mechanical Engineering ® Heat and Mass Transfer MBDE ERSY

Solution : 40
Critical radius of insulation

.S
c ha
o = —0'2012100 =1.33cm

Critical thickness of insulation 1.33-1=0.33cm
Heat loss from the tube without insulation

r-T.

with = 1 r 1
n<+
2nkL . 2mrLh,

Q

onr Lh(T,-T.)

- rh, . r
1+24|n2
k
Heat loss from the tube without insulation
Quithout = 211, Lh, (T, =T_)
Theratio
-1
Quin_ _ [1+—r°ha Inri:| (a)
Owithout Kk ri
k
(@) If ro=r,= E
-1
Quin _ &[Hm&] -(b)
Quithout I; l;
1.33

= —=[1+In1.33]"' =1.035
1.0

Thus, heat loss is increased by 3.5% in spite of the fact that there is an insulation of thickness 0.33 cm.
(b) If another layer of 2 cm thickness of insulation is added, r, = 1.33 + 2 = 3.33 cm. Substituting in
equation (a).

Qui 3.33[ 0.0333x 15 3.33]‘1
Wi = 1 In = 0.8316
Quion 100l 020 10

Insulation of 2.33 cm thickness reduces the heat loss by 16.84%.

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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Solution : 41
Known: Conduction in a circular conical section having diameter D = ax, where a=0.25.]
Find:
1. Temperature distribution T(x).
2. Heattransferrate g..

x,=0.25m

Pyroceram

Assumptions:

1. Steady-state conditions.

2. One-dimensional conduction in the x-direction.

3.  Nointernal heat generation

4. Constant properties.

Properties: Pyroceram (500 K): k = 3.46 W/m.K

Analysis

Since heat conduction occurs under steady-state, one-dimensional conditions with no internal heat generation,
the heat transfer rate g is a constant independent of x. Accordingly, Fourier’s law, Equation 2.1, may be
used to determine the temperature distribution.

ar

= —kA—

9 dx

2.2
where A= # = na4x . Separating variables,
4q dx
— = —kdT

na’x®

Integrating g g from x, to any x within the cone, and recalling that g_and k are constants, it follows that

4q. ¢xdx T
> — = —|_dT
na® o x° T
Hence 4q)26 _1+i = —K(T-T,)
a X X1
or solving for T Tx) = T4 _4L2x 1.7
mak\ ¥ X

Although g, is a constant, itis as yet as unknown. However, it may be determined by evaluating the above
expression at x = x,, where T(x,) = T,. Hence

and solving for g,

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




16 Mechanical Engineering ® Heat and Mass Transfer MBDE ERSY

_ na’k(T, — Tp)

)

Substituting for g into the expression for T(x), the temperature distribution becomes
AR
X Xq
(T
X1 X2

From this result, temperature may be calculated as a function of x and the distribution is as shown.

T(x) = T +(R-To)

T,

Xo X4

. -4
Note that, since ? = (27x2

p from Fourier’s law, it follows that the temperature gradient and heat flux
X max

decrease with increasing x.
2. Substituting numerical values into the foregoing result for the heat transfer rate, it follows that

_ 1(0.25) x 3.46W/mxK(400 - 600)K

X 4 11

0.05m 0.25m
Comments: When the parameter a increases, the cross-sectional area changes more rapdily with distance,
causing the one-dimensional assumption t become less appropriate.
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Heat Transfer from
Extended Surface (FINS)
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18 Mechanical Engineering ® Heat and Mass Transfer MRDE ERSY

m Conventional Questions ]

Given handle of a stainless steel spoon:

Solution : 20

k =151 W/mK, T, = 9%°C
T =25C A, = 02cmx1cm
L=18cm=0.18m, h = 15 W/m2K
Spoon
Air at 25°C
. t—T;O.Z cm

f«—w=10cm—=

Cross-section of
spoon handle

Boiling water

at95°C .
(Schematic)

To find: The temperature difference across exposed surface of handle.

Assumptions:

Steady state conditions.

The handle of spoon is thin and heat loss from its free end be negligible.
No heat generation.

Constant cross-section of handle.

Constant properties.

o=

Analysis: The temperature distribution for insulated tip fin is given by equation

I-T1.  coshm(L-x)

To-T. =  coshmL
For temperature difference across the exposed surface of spoon handlei.e. x = L;

T -T. 1

o

To—T, - coshmL

hP

h _
wnere, m /(AC

P=2(w+1t)=2(1cm+0.2cm)
=24cm=0.024m

A.=wt=1cmx0.2cm=0.2cm?=0.2x 10%m?

= 34.526 m™'

J 15 % 0.024
m =
15.1x0.2x 107

mL = 34526 x 0.18 =6.2147
coshmL = 250.0

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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 95-25

-T = =0.2799 = 0.28°C
Then, T,-T, 550
or T, =25+0.28=25.28°C,
Thus, To—T,=95-25.28=69.72°C

Solution : 21

Given: A cylinder with longitudinal fins

w=1 d = 5cm=0.05m,
T. = 40C N, = 12,
h = 23.3 Wm?K, t =075mm=075x103m,
L=25cm=25x10?m,
T, = 150°C, k = 75 W/mK
el

12 such fin

T

Vmﬂ

Analysis: The fin is of finite length, it will dissipate heat by convection from its tip. Therefore, using
corrected length.

To find: The heat transfer rate from surface.

-3
L= L+l o05x1024972X07 _ 6005375 m
2 2
P=2w=2m
A = wxt=1x075x102=075x 103 m?
mi, = L, | 2P 20'025375X\/L2‘3 =0.73
. 75x0.75x10

The heat transfer rate from fins surface,

Qi = NyanhPKA, (Ty — T ) tanh(mL,)

12x423.3x 2% 75% 0.75x 1073 x (150 — 40) x tanh(0.73)

= 1332W
The heat transfer rate from unfinned (base) area
Qunﬁn = hAunﬁn (TO - Too)

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ




20 Mechanical Engineering ® Heat and Mass Transfer MBDE ERSY

= h(rdw-12x A )T,-T_)
=233 x(mx0.05x1-12x0.75 x 10%) x (150 - 40)
= 379.5W

Hence the total heat transfer = Q . + Qq,

=379.5+1332=1711.56W

Solution : 22
Given: T, = 150°C, T_ = 36°C, k = 41.5 W/mk, d = 15 mm, L = 160 mm, h = 25 W/m?k

| / |

| I

| | 1e

1 I
Heat flow from insulated tip is given by

Q = VhPKA - 6, tanh(mL)

where P = nd
T 2
= _d

and A 7

m= ,/ﬁz A AX25 67 m
kA Vka =~ \415%0015

= Vh-P-kA-(Ty - T.) - tanh(rmL)

Q2

= \/25><(n><0.015)><41.5><gx0.0152 x (150 — 36) x tan(12.67 x 0.16)
= 10.6 x 0.965 = 10.235 Watts
So the rate of heat flowing out of the hot surface through the rod is 10.235 W.
Solution : 23

L
Such rod can be considered equivalent to two pin fins attached to each other atx = > but here both fins

are attached to same temperature, so

1 T.=30C |

200°C I K = 300 Wimk I 200°C
| §
f 20 cm |

Q@ = 2 x Heat transfer rate from one pin fin of 10 cm long (i.e., é)

15x 1 x0.01 447 m

300 x g % 0.012

Q= QX{\/thA(TO - Tm)tanh(mf(%n}

MBDE ERSY @Copyng@
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2 X {\/1 5x 1 x0.01x 300 x % x 0.0 x (200 — 30) x tanh(4.47 x 0.1)}

2 x 7.514 = 15.028 Watts

Solution : 24

Given: Afinite long fin with an equilateral triangle cross-section.

Side, a = 5mm, L = 80 mm,
k = 54 W/m K. To = 400°C
T = 50°C, h = 90 W/m2K
o | T.=50c
S
< a/ \a
1]
[ 80 mm a=5cm

Fig. 5.16 (Schematic)
To find: The heat dissipation rate from the fin.
Assumptions:
1. Steady state conditions.
2. Length of finis very large in comparison to its cross-section, thus treating fins as infinite long fin.
Analysis: For triangular fin

Cross-section area,

N&

1
> base x height = %ax?a

>
Il

Ne

4 X6 1073)2 = 1.0825 x 105 m?

Perimeter, P= 3a=3x5x10°%=0.015m

i hP_\/ 90x0.015
kKA. \54x1.0825x107°

= 48.06m™

The heat transfer rate from infinite long fin
G, = JhPKA,(Ty = T.,)

= \/90 x0.015 x 54 x 1.0825 x 107> (400 — 50)
=9.82W
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Solution : 25

1m I
TE
£
X A N
I
s
s
T, =100°C — dx T.=20°C
T E
E
B ™
.
15

Base of both the rods is maintained at the same temperature as shown in figure.

Assumption:

(i) Since the length of the rods is very large 1 m as compared to their diameter, they can be assumed to
be infinitely long with temperature at tip approaching surrounding temperature.

(i) Heattransferis purely one dimensional conduction in the rods and convection from rod surface.

)
Given: h=5W/m?K, K, =60 W/mK, A_ = %=‘|.131x‘|0‘4m2, p=2nr=0.0377m

Consider an element of thickness dx at a distance x from the base on any rod.
Energy balance for this section

9 %+ = 9eonv Goonv,
2
KAGTOY _ pipetx)(T-T.) =0
dx
2 qx—> > qx+ AY
= d_(: -m?9 =0 ’
dx
hp
where,0=T-T_and m= |[—
KA.
Solution of this differential equation with following boundary conditions:

(i) T|x —0=T4
(i) Infinitely long rod assumption due to which T|)C= =T

=

Solution of this boundary condition

0=0,e™
For rod A:
hp - ,
my = =5271asmL =5.271>2.65s0itis  long fin.
kAAc

Temperature at 15 cm from base
T-T,
T, - T,

= T=329.29K

This temperature is equal to temperature of rod B at a distance 7.5 cm from base.

= e Mx = g=mx0.15
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For rod b:

T—Tw _ e—m5x0.075

T,—T.
. 329.29-298 _ 0075

373-293
We know, my= |-P~ ~10.5308
BAC

= mg = 10.5398
= kB = 15 W/mK

Heat transfer for a rod in this case= /hpkA, - (T, = T..)

oo

.. Ratio of heat transfer for rod Aand B

Solution : 26

sinhm(L — x)84 + sinhmx9,
sinhmL

Q = —kA(@) = KA (-58.22 x 5776577~ 238 22 x 5.77¢57™)__
k=0

ax
=0.06x4x104 (335.93 + 1374.53) = 0.0410 kW = 41.0 W
Q2 = —/(A(?) =-kA (-58.22 x 5.77 x 1.78-238.22 x 5.77 x 0.561)
X =1

= 0.06 x4 x 1074 (598 + 771.5) = 0.0328 kW = 32.8 W
Heat flow rate from the bar to the surroundings
=Q,-Q,=410-328=82W

Solution : 27
Given that:
Width ‘B’ =12cm =0.12m
Length‘'l’ = 18cm =0.18 m
h
\‘/’\'lc’m/'\ \
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Fins:
Thickness ‘t" = 0.1 cm =0.001m
Length/, = 2.4 cm = 0.024 m
As for air at mean temperature,t = 325.5K
k = 0.0279 W/mK
v = 1.82x10°m?/s

Pr=0.709
3
= Gr= QBA;L ,
A%
to+t.

As T o =3255K=525C= =2

t, = 80°C
= t =25C

9.81x x (80 — 25) x (0.18)°
= Gr = 325.5 — = 2.9184 x 107
(1.82x107)
= Ra = Grx Pr=2.0692 x 107
(i) Optimum fin spacing 8= 2.714x L =2.714x 0.18 =7243x10°m
’ ' Ra'* ' (2.0692x107)"* '

or 6= 7.243mm
Heat transfer coefficient for optimum spacing

h= 1307 x X = 1,307 x 29279

) 0.007243
= 5.0344 W/m2K
w 120
Number of fins ‘'n’” = = =14.55
HmDeT oINS = St = 72431 1

= n~ 15fins

Unfinned area + Fin surface area
= (B-nf) x 0.18 + (0.18 x 0.024 x 2 x 15)
= (0.12-15x%x0.001) x 0.18 + 0.1296
= 0.0189 + 0.1296
= 0.1485m? [Neglect tip area]
Heat transfer, ‘Q" = hA (t,-t_)
= 5.0344 x 0.1485 x (80 - 25)
= Q=41.118W

Overall surface area, ‘A’
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m Conventional Questions ]

v=3m/s T.=30°C

Solution : 30

T,=70°C f

e L=2m ——

Consider the case of forced convection between heated
plate and air is shown in figure.
Characteristic length for a flat plate,
L, = 2m(length of plate)
Area of heat transfer, A, = 2m x 1T m=2m?
Film temperature at which properties of fluid are to be evaluated,

T.+T. 70430

T, = 5 5 = 50°C
Reynolds number for flow = Re, = Vo = L—e = 334261.81 ~ 33.4262 x 10*
v 17.95%x10
vV 17.95x 1076 x 1,093 x 1005
Prandtl number for fluid = —=—-pC, = =0.6967
o KPP 0.0283
Nusselt number = Nu = 0.664 Re ' Pr'/3 = 340.33
hL
We know, Nu = K= 340.33
= h= 340.33 >2< 0.0283 _ 4.816 W/m2K
~. Rate of heat transfer between the plate and air is
Q=hA(T,—T_)=4816 x 2 x 40 = 385.25 Watt
Solution : 31
L L
ReL — pU, ZULZBO—X‘]G =565 x 106
[ v 1415x10°
For turbulent boundary layer the boundary layer thickness is given by
0.371x1
o= Lﬁvé = — %55 =0.01655m=16.55 mm
(Re,) (5.65x10°)*
uC, pvCy  1.25%x14.15%x 1076 x 1000
Prandtl number, Pr= = = =0.804
- kK~ Kk 0.022
_ hL
NU = = =0.036 (Ra,)*8 (Pr)'?

0.036 (5.65 x 106)°8 (0.804)'3 = 8437
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8437 x0.022
- 1

Thus, heat flow from the surface of the plate (only one side)
/7A(TW -T.)
= 185.61 x (1 x 1)(50 - 10) = 7424.5 watts

h = 185.61 W/m2k

Solution : 32
Given: Flow along a flat plate:

—
[

—
[og

, w=1m,
T_=10°C, T,=90°C,

To find: The velocity of air,

T.=10°C \Ts=90°C

b——r=15m—]

(Schematic)

Assumptions:

1. Noradiation heat exchange.

2. Steady-state heat transfer conditions.
3. Air flow on both sides of the plate.

Analysis: The heat transfer rate by convection is given by,

Q = hA,(AT)
For two sides of the plate,
3.75x10% = 2hx (1.5 x 1) x (90 - 10) (- Ay=2sides x 1.5 x 1 m?)

or, h = 15.625 W/m? K
The Nusselt number, Nu, = b _15625x15 _ 837.05

K 0.028
Assuming the laminar flow along the plate:

Nu, = 0.664 Re'/? pr'/3

or, 837.05 = 0.664 Re'’? x (0.703)'8

or, Re, = 2.01x 10°

The Reynolds number Re, is greater than critical Reynolds number 5 x 105, hence assumption made is
wrong. The fluid flow is turbulent, using the relation,

Nu, = [0.036 Re®®-836] Pr'/
Using the values, 837.05 = [0.036 Re?8 - 836] x (0.703)"8
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o, Rel® = 493718

or, Re, = 7.36 x 10°

Assumption made is correct. The velocity of air:

Solution : 33

u, L
ReL — p;"’
u
-5 5
U = uRe _ 2.029x107 x7.36x10 _915m/s
pL 1.0877x1.5
Given: T =275K, u,=20m/s,
L=15m, w=1m,
T, = 325K, Re,, =2x 10
To find:

(a) The average hover the region of laminar boundary layer.

(b) The average hover the entire length of 1.5 m.

(c) The total heat transfer rate from the plate to the air over 1.5 m length and 1 m wide.
Assumptions:

1. No heat exchange by thermal radiation and heat conduction.

2. The stead-state heat transfer.

3. Airand surface temperatures are different, taking the properties at mean film temperature.
Properties of air: The film temperature,

T+ 1,  275+325

= = 300K
2 2

The properties of air at 300 K,

k= 0.026 W/m-K, Pr=10.708,

v = 16.8 x 10°® m?/s, u=1.98 x 1075 kg/ms
Analysis: The Reynolds number,

Re, = B=b_ 20XT5 _ 4 785,100
% 16.8x10”
or, Re, >2x 10°, hence flow is turbulent at
x=15m

The critical length of flow for laminar boundary layer can be calculated by using critical Reynolds number.

U Xer
Recr = T
_ 2x10°x16.8x107°
or, X, = 50 =0.168m

(a) The average heat transfer coefficient for the laminary boundary layer:
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Nu, = % =0.664Re//? Pr'/3
f
h= 0.664 -~ Rel2pr/3
xcr
= MX(ZMOS)WX(O.?OB)W
0.168
= 40.96 W/m?-K

(c) The total heat transfer rate,

Q= hA(AT) = (43.877 W/m2 K) x (1.5m x 1 m) x (325 — 275)

= 3290.775W
Solution : 34
Given: Flow over a electric bulb:
T = 27°C, u_=0.3m/s,
P=100W, T,=127°C,
D=60mm=0.06m
To find:

(i) The heattransfer rate.
(i) Percentage of power lost due to convection.
Properties of fluid: The film temperature,

To+1., 127+27

T =
f 2 2

=77°C =350K

The properties of air at 77°C are
v =209 x 105 m?/s
k; = 0.03W/m-K

Air ——
27°C——

3m/s ——

Schematic of an incandescent bulb
Assumptions:
1. Spherical shape of the electric bulb.
2. Noradiation heat exchange.
3. The steady-state heat transfer conditions.
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Analysis: The Reynolds number,

u.D  0.3x0.06
v 209%x107°

Ny, = 0.37 Red® = 0.37x(861.24)*6 = 21.35

The heat transfer coefficient,

=861.24

Re, =

k .
h=—LNup = 9.03 | 21.35 = 10.675 Wim?-K
D 0.06

(i) The heattransfer rate,
Q=hA(T,—T.)=h(nD,)(T,~T)
= (10.675 W/m?-K) x 1t x (0.06 m)2 x (127 — 27) = 12.073 W

(i) The percentage of heat lost by forced convection

= %xwo: 12'073><1OO=12.O73%
Solution : 35
Velocity of air, U_ = 30 m/s
UL L
Reynolds number,Re, = ——= 30x 5 =1.5814 x 108L (1)
v 18.97x107
As we know,
Drag force, F, = CDx%pUixA
105 = 0.0742 1 xL%1.06x302 x 12
6,\15 2
(1.5814x10°L)
105 = 2.0376 L2-02)
L8 = 51532
L = (5.1582)"18
= L = 2.486m
From (i)
Re, = 1.5814 x 10° x 2.486
Re, = 3.932x10°
0.0742
% = (o Y5
(3.932x10°)
= G = 3.5602 x 1073
By Colburn analogy,
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Co
o3 _ =D
StPr 5

N pes _ o

pU.Cp, 2

B -3
R ho= 32092X10 7,4 06x30x1.005x 1000%—
2 (0.696)

Heat transfer coefficient, h 72.438 W/m2K

Heat loss from plate surface,

Q = hA(T-T.)

= 72.438 x (2.486)2 x (95— 25) = 31337.55 W
Q = 31.337kwW

Solution : 36

Given: A circular disc in different configuration exposed to air:

D=02m,
T, = 130°C,
T = 25°C.

=

To find: The heat transfer rate from the disc when;
(i)  horizontal with hot surface facing down,

(i) horizontal with hot surface facing up and,

(iiiy vertical,

Properties of fluid: The mean film temperature

T,+T, 130+25
Ty= S5 ==——0— =775C=3505K

The physical properties of air:

2.08 x 10°° m?/s,
Pr = 0.697

k. = 0.03 W/mK,

<
Il

B = 1_ LK*1
T, 3505

Analysis: The Grashoff number with characteristic length L

]
BATE 981x(3505)x(130—25)xﬁg
_ c _ :

ar
V3 (2.08x107°)2

= 679x109L 2
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The Rayleigh number, Ra = GrPr=(6.79 x 10° L ) x (0.697)
= 4734x10° L3

(i) Forhorizontal disc facing down:

AS (7:/4)D2 D
| =3P 2 _005m
© P nD 4 0.05
Hence, Ra = 4.734 x 10% x (0.05)% = 591.81 x 103

Thus the flow is laminar, and for horizontal disc facing down, the correlation
Nu = 0.27(Ra)"* =0.27 x (591.81 x 10%)"4 = 7.488

The average heat transfer coefficient of air,

hy = Kair py = 903, 14,977 = 8.986 WimeK
L, 0.05

e

T.=25°C
Fig. (i) (Horizontal disc facing down)

The heat transfer rate from the disc:
Q, = h; A(T,—T_) =8.986 x (n/4) x (0.2)? x (130 - 25)
= 29.64 W
(i) For horizontal disc from facing up:
The significant length remains same.

Hence, Ra = 4.734 x 10° x (0.05)% = 591.81 x 10°
Thus the flow is laminar, and for horizontal disc facing up the correlation
Nu = 0.54(Ra)"* = 0.54 x (591.81 x 103%)"4 = 14.977
The average heat transfer coefficient,
k..
h, = ﬂ/\/u —
2 Lc

0.03
0.05

x 7.488 = 4.493 W/m?K

T.=25C

NLzee

Fig. (ii) (Horizontal disc facing up)
The heat transfer rate from the disc:
Q, = hy, A(T,—T_) =4.493 x (n/4) x (0.2)? x (130 - 25)
= 14.82W
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(iii) For vertical disc:
L,=D=02m

T.=25C

Fig. (iii) (Vertical disc)
Hence, Ra, = 4.734 x 10° x (0.2)8 = 37.872 x 106
Thus the flow is laminar, and for vertical disc
Nu = 0.59(Ra,)"* = 0.59 x (37.852 x 106)'"4 = 46.28
The average heat transfer coefficient,

b = Kar 2 003 0 4508 = 6.94 WimPK
ST L P T o2
) .

The heat transfer rate from the disc;
Qy = hy A(T,—T_) =6.94 x (/4) x (0.2)? x (130 - 25)
=229W
Solution : 37
Given: L=0.5m, w=1m, T,=180°C, T_ = 20°C, m= 20 kg, C = 400 J/kg K

To find:

(i) The heattransfer coefficient.

(i) Initial rate of cooling of the plate in °C/min.
(iii) Time required to cool the plate from 80°C.

Properties of fluid: The mean film temperature

_ T,-T. 180+20

T =100°C =373K
2 2
The properties of air,
Bz I —268x10°K"
373
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v =23.18 x 108 m?/s
k, = 0.0321 W/mK
Pr = 0.688
Assumption:
1. Radiation heat transfer is negligible.
2. Heat transfer from both sides of plate.
3. Transient heat conduction.
4. Constant properties.
Analysis:

(i) The characteristic length

L,=L=05m
The Grashoff number,
o _ GBATS 981 (268 x107%) x (180 - 20) x (0.5)°
=TT (23.18 x 1070)2
= 978.95 x 106
Rayleigh number, Ra, = Gr, Pr=(978.95 x 10° x 0.688)
= 673.52 x 108

The boundary layer is laminar, hence using the relation,
Nu, = 0.59(Ra,)"*=0.59 x (673.52 x 108)4 = 95.047

The average value of heat transfer coefficient

0.0321

K
h= NuLL—f = 05.047 x = 6.1 W/m2K

C
(i) Theinitial rate of cooling can be obtained by energy balance as

Rate of decrease of internal energy = Rate of heat convection from the plate

ar
-mC=— = —
or mC—r = hA(T,~T)
dT  6.1x(2x1x05nF)x(180-20) X
or e 50 400 =-0.122°C/s.

= —7.32°C/min.
(iii) The time taken by plate to cool to 80°C:

Uit = ex _hAd = ex _PAt
T-1. = % ove | TP e

—mCIn Ts-T.|_  20x400 ><|n|:80—20:|
hA T.-T, 6.1x2x1x0.5 180 -20

S

or t=

= 1286's =21.44 min
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Solution : 38
i i
4 v v
4 rh“’Taz
o Ta1
. | |
] v
TSZ
Energy balance,
Q mgcpg (Tg~| — TQZ) = mana (Ta2 — Ta1)
15 x 1.11(400- T ,) = 20 x 1.01(250 - 30)
= T = 13309°C
For gas,
u.,d. 12x%0.
Re, ( m, ] _[12x0 05% — 14563.1068
Vo Jg 41.2x10™
For turbulent flow through pipe,
Nu, 0.023 Re%8 Pro-3
0.023(14563.1068)°8(0.66)°3
= 43.4705 ﬂ
kg
h/ 43.4705x0.0454 _ 39.471 W/m2K
0.050
For air,
d .
Re (U’" O) - 1OXOO526 = 18374.558
q v Ja 28.3x10”
For cross flow,
Nu, 0.41 Re0-6 pr0.33
0.41(18374.558)%6(0.684)°-33
- 130883 = /0%
ka
h 130.883x0.0352

0.052
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h, = 88.598W/m2K
LI B
UOAO - hiAi hOAO

1 1 .52 1
— = X — +

U, 39.4717 50 ' 88.598
U, = 26.571W/mK

0, = 400-250=150°C

0, = 133.09-30=103.09°C
T

Gas
133.09°C

\\ } 0,
Alr 30°C

Log mean temperature difference,

AT

Now, Q

= 4444 KW

= 4444 x 103 W
A

(0]

Solution : 39

ub 12 x0.06
ReD = — = P—
v 0.805x10

0,-0,  150-103.09

= =125.082°C
(61 In(1507103.09)
6o
= rhacpa (Ta2 _Téﬂ)
= 20x1.01(250-30)
= UAAT F
= 26.571x A,x 125.082 x 0.88
= 1519.458 m?

=0.894 x 10°

Since Re, > 2000, so the flow is turbulent.

Using the Dittus-Boelter equation:

Nup, = % = 0.023(Rep,)*® Pro4

b
k

0.023 (894000)%8 (5.42)%4

MRDE ERSY
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M = 0.023 x 57685.95 x 1.966
061718 ~ % X
h = 26832.32 W/m?K
Heat transferred, Q= mCy(Tp, = Tp)

- p(gDZ qucp(sz ~Tp)

995.7><%>< 0.067 x 12 x 4.174 x (45 — 15) = 4230355 W

In order to find length of the tube, we know that temp. difference between hot and cold fluid is varying
throughout the length of the tube, so we have
70°

Q= h(rnDL)(AT,,) Thi The
AT — AT,
Where, ATm = ITTIQ T, = 45°C
In
&3
T, =15°C
AT, = 2°-25 _38.049°C
55
In| =—=
2
/- 4230,355 o108 m

(26832.32 x  x 0.06 x 38.049)

Solution : 40
The property values are taken at 20°C
p = 1000 kg/m?, v = 1.006 x 106 m?/s, Pr = 7.02,
k =0.5978 W/mK, ¢ = 1178 J/kgK, Py, = 990 kg/m®.
Vg = 5675 x 100 m?/s

Friction factor is found from pressure drop and analogy is used to solve from in

Lu? 4 2
AP = f-p—=——,u=0.001x—x0.025° m/s = 2.0372 m/s
D 2 T
Substituting f= 7OOO><O.025><1O2 ><1.5( O'OO1X42 J:0.05622
ntx0.025
Re = uD/v = 20372 % 2925 1076 _ 50626
1.006

If we assume smooth pipe, f=(1.82logRe - 1.64)?2 =0.02087
So the pipe considered should be a rough pipe,

Using Colburn analogy
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f
23 _ _
StPr 8
Nu = (L \re pr/3 2 005622 5ao6 7.020333
8 8
= 681.22
Solution : 41
The Reynolds numberis
Re, = VDp 4m 41(1.26 kg/s)

n mDL p(0.012m)(11.16x10~4(Ns)/m2)(kgm)/(Ns?)
Re, Pr = 1.2x 10%0.013) = 1557 > 100

Therefore, equation can be applied to calculate the Nusselt Number

Nup = 0.82 +0.0185 (Re,Pr)°827 = 4.82 + 0.0185(1557)0.827 = 12.9
- o Kk (11.66 W/ (MK)) 4 5
= N —_—= Sy =1,
e = Nup 5 =129~ 1.25x 10°W/ (m?K)

(b) The maximum allowable heat flux is determined byt he outlet conditions. the outlet wall temperature
must not be higher than the mercury boiling point

% = (Twall,rrax _Tb’ out)

R, = (355°C—230°C)(1.25 x 10* W/(m?K)) = 1.57 x 102 W/(m?3K)

(@) Thelength of the tube required can be calculated from the following

qa=mcTpou=Tpin) = %(TCDL)

Ty = Ton)  (1.26kg/ 5)140.6J/ (kgK))(230°C— 90°C)
9D (157 x10° W/ (mK))(J/ (Ws))m(0.012m)

Solving for the length L=

Comments:

Note that L/D = 0.419 m/0.012 m = 35 > 30, therefore, the assumption of fully developed flow and use of
equation is valid.
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m Conventional Questions ]

Given: A double pipe heat exchanger, with T, ;= 150°C, T, ,=90°Cand T, ,=30°C, M Cpp =0.5M; Cp ¢
and T, Ty,

Solution : 31

oparallel — o, counter*

i . T ;
Th
Tho

Th

v T o

c,0

(a) Parallel flow mode (b) Counter flow mode

Analysis: The heat capacity rates for two fluids are related as:

myCop = 0.5m; Coc
which yields to, Coin = M Cop=Cy
Coax = McCpc = Co
and capacity ratio, C=05

The effectiveness of heat exchanger,

_ Ch(Th,i - Th,o) _ Cc(Tc,o - Tc,i)
Cmin(Th,i - 7—01) Cmin(nu - Tc,i)

Using, C,=05C,or C,=2C,, then
e = Th,i _Th,o _ 2(Tc,o _Tc,i)
- Th,i - Tc,i Th,i - Tc,i
or, Too=T,;+#05(T, ;= T, ) (i)
Let, Ape = Area of parallel flow arrangement
Aqr = Area of counter flow arrangement
As, Th o parallel = Th, o0, counter therefore, the heat lost by hot fluid in both case be same.

Further, the heat transfer rate is also expressed as,
Q= UAAT, = UA AT,

Im, parallel — Im, counter

A AT, parallel . .
or, ce _ 2lmP (- Uis constant in both cases)
Apr AT,,,,counter

(a) For counter flow arrangement,
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A7_1 = Th,i - Tc, 0= 7—h, i Tc, i O'ST(Th, i 7—h, o)
= 0.57'/”. + 0.5 Th, 0~ Tc,i
ATZ = Th, o~ Tc,i
AT1 _ATZ O5T/71 +O'5Th,o - Tc,i _Th,o + Tc,i
ATlm, counter — AT, = 05(T T T
]n(1J In 5( hi T h,o)_ ci
AT2 Th,o _Tc,i
" 0'5(Th,i+Th,O)_Tc,i
7—h,o _Tc,i
(b) For parallel flow arrangement,
AT, = Th,i_ Tc,i
ATZ = 7—h,o_ 7—c,o = 7—h,o_ Tc,i_o'5(Th,i_ 7—h, o)

1.57, ,- 057, =T,

1

AT AT AT, _Thi=Toy =157, +06T, + T,

Im, parallel " LE l Th,,- _ Tcy,-
n
ATZ 1.57-,,,0—0.57-,,‘[-—7-

C,i

[
n h,i C,i
1.57,,-0.57,,;, - T,

Substituting equations (iii) and (iv) in equation (ii),

m[o.5<n,,» +Th,o>—Tc,,}

ﬁ _ 1 -5(777,1' - 777,0) % 777,0 - 722,1'
APF n Th,i - TC,i 0-5(7;7,1' - 7;7,0)
1 -57;7,0 - 0'57—h,i - Tc,i

" {0.5(7,7,,- +Tho) =T }
3

_ Th,o - 7—c,i
In Th,o - Tc,i
1.57,,-0.5T,,; - T,
For given data: T, ;= 180°C,
T, =30C
and Ty ,=90C
Ir]{0.5(1 50+ 90) - 30}
=3 =3x——==0.877
Ao - { 150- 30 } )
1.5x90-0.5x150-30
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Solution : 32
Given: A tube in tube heat exchanger,
T, ,=15°C, T, ,=130°C
In parallel flow mode,
T, ,=50°C,T,,=60°C
To find:
(i) Exittemperature of each of fluids, if the existing heat exchanger was switched to counter flow operation.
(i) The minimum temperature to which the oil may be cooled by increasing the tube length with parallel
flow operations.

(i) The maximum possible effectiveness in parallel flow operation.
Analysis: Making the energy balance for two fluids.

(mcp )water (AT)water = (mcp )oil (AT)O“

Cater X (60—15) = C; x (130-60)
Coi_ Cu
Hence, Capacity ratio, C = —2—=—-M"-=05
ence apacity ratio C C

water max

The temperature distribution in parallel flow heat exchanger, is shown in below figure.

130°C
h
» 60°C
» 50°C

\f

15°C
0—>x L
(a) Existing parallel flow exchanger
e - 130260 _ 46086

parallel 130 =15
1—exp{-NTU(1+ C)}

Further, €oarallel = =0

or 0.6086 = 1—exp{-NTU( + 0.5)}
1+0.5

It gives, NTU = 1.628

(i) If the existing heat exchanger was switched to counter flow mode, its NTU and heat capacity ratio
remain unchange. The effectiveness of exchanger in counter flow mode.

130°C
Th
Te0="7
'Th, o =7
TC

» 15°C

0—>x L

(b) Counter flow mode of exchanger
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. _1-exp{-NTU(1- C)}
counter 4 _ Cexp{-NTU(1- C)}
1- exp{—1.628(1- 0.5)}

_ =0.7154
or 8counter 1 — O5eXp{—1 628(1 - 05)} O 5

The exit temperatures:

Hot fluid:
To=T,,—&T, ;- T,,)=130-0.7154 x (130 - 15)
= 47.72°C
Cold fluid:
Too=T,,-eC(T, = T,)=15-0.7154x 0.5 x (130 - 15)

56.135°C

(i) If the parallel flow heat exchanger is too long, then both fluids attain a common exit temperature (say
T.) as shown infigure (c)

130°C

15°C

0—>x L

(c) Very long parallel flow heat exchanger
Temperature profiles

(MCy) , Toi =T = (MCy), (T =Ts)
130-T_=2x(T_-15)
or 37, = 160
or 1, =5333C

It is minimum exit temperature of oil.

(iii) Maximum possible effectiveness in parallel flow mode:

Tni —Tho _ 130-53.33

For the hot fluid, €= = =0.667
Tni = Tg, 130-15
Solution : 33
Given
Mass flow rate of steam = 25000 kg/hr [At pressure of 0.5 bar]

Temperature of condensing water = 25°C
Cooling water entry temperature = 15°C
Cooling water exit temperature = 25°C
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Heat transfer coefficient = 10 kW/m?2K

No. of passes = 2

Outer dia of tube = 19 mm; thickness of tube = 1.2 mm

velocity of water = 1 m/s

correction factor = 0.86

Now at 0.5 bar saturation temperature is 32.55°C

So steam will condense at 32.55°C and then lose sensible heat so that the temperature of condensed water
drops to 25°C.

T
T, =32.5°
\\ 325°C
Tce =25° The =25°
\ 25°C
T, =15°

Total heat lost by steam

. . 25000
= (N )y 55 + MM —a) = s [2560 + 4.18(32.55 — 25)]
= 17.997 x 103 kW
Heat gained by cooling medium = m,C,(T¢, = T¢)
Now My, Co (Toe = Ty) = 17.997 x 103 kW [Energy balance]
3
m, = L9970 43055 kgss
4.18x(25-15)
Now using LMTD method
0, = 32.55-25=7.55°C LS P
8, = 25-15=10°C 6, = The—Tcil
0,-6, 7.55-10
N 6, = = =8.72°C
" AN
05 10
As we know

mass flow rate = velocity x cross-sectional area x density
m
m=VA p=>A,= Vp
Total cross sectional area for water flow is
430.55

A= = 0.43055 m?
1x1000

Cross sectional area per tube = g x[19x 108 -(2x 1.2x 1092 =2.16 x 10* m?
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0.43055
No. of tubes = —————— =1989.379 ~ 1990
2.16x10
Now Q=FAUS,
where F = Correction factor

A = Area of contact
U = Overall heat transfer coefficient

0,, = log mean temperature difference

Q=086x (1990 x Tt x 0.019x L) x 10 x 8.72

[ 17.997 x 10° oo
~ 0.86x1993x1x0.0166x10x8.72 ~

This is total length
2.02

length per pass = = 1.01m
Solution : 34
m, = 20.000 = 5.56 kg/s, C, = 3.3 kd/kgK
h= 3o T OO0 NI b= S KRG
C, = 5.56 x 3.3 = 18.35 kW/K
. 50,000
m, = 3600 = 13.89 kg/s, C,_ = 4.186 kd/kgK
C, = 13.89 x 4.186 = 58.14 kW/K
Since C, < C,
: C., = 18.35 kW/K
UA 1050x10
NTU = = =0.572
Crin 18350
C= ﬁ=@=o,3156
Crax 58.14
, 1—exp(-NTU(1+ C)) 1—exp[-0.572 x 1.3156] 1-0.471
Effectiveness of H.E., € = 0 = 13156 = 13156
= 0.402
T =T,
We know, e = ——==0.402
T, =T,
T, = 120-0.402 (120 -20) = 79.8°C

From energy balance, we have

MCo(Ty, ~Tr) = MColTe, - To,)

T..~T,=03156x40.2
T, =20+12.69 =32.69°C
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m Conventional Questions ]

The rate of heat exchange between two bottle surfaces is given by

Solution : 33

Q) = (Fhz Aoy (T{ =T3)
1
(1— e1)+1+A1(1— 62)
& Fo A &

For infinite long parallel planes which see each other and nothing else F,, = 1and A, = A,,

The gray body factor (Fg)12 =

1 1
(Fg)12 = =

1
= — 3 =0.01266

S — 1
0.025 ' 0.025
Q,, = 0.01266 x 1x (5.67 x 10)(375% - 300%)

= 8.38 W
Let & be the required thickness of cork
KA(T, - T,
Then, Q= KA, ~ To)
)
838 = 0.03 x1x (375 —300)
)
o= 008 x75 =0.268 m = 26.8
T T gag  ococmEevecm

Solution : 34

Liquid
______ O
@1
@ Radiation shield
For inner tube (1):
d, =20mm

Since the tube is thin, its temperature will be equal to temperature of liquid N,.
I, =77K, €,=002
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For outer tube (2):
d, =50mm, T, =300K, €, =0.05

Thermal network in this case will be,

Ryt = Ay + Ry + A,

T S B B [Since F,, = 1]
€A AFz e A

A [1—0.02+1+(1—o.o5) ﬂ

Al 002 005 ) A
=i[ 1 +(O.95)'n.20.L] _ 1 eram
Al002 \005) n-50-L] A

Heat transfer to N, tube (1) from tube (2) per unit length,

G 1 BBy ol -T)
L "L R, 576

-8 4 o4
_ 567107 x(800" ~777) _ 4 4935 watt ~ 0.5 watt

. 57.6
m-20x 1073 x L
If a radiation shield (3) is introduced midway between two tubes, for steady state condition,
Oo3 = U3y
Ep, - Ep, ~ Ep, —Ep
= =
1—62 1 1—63 1_63 1 1—61
+ + + +
e A AfFp ezl €4 Afz e A
o(T3 - T5) o(13 - T)
= =
A1, A(l-e 1[1+As e }
A2 €2 A3 63 A3 €3 A1 €1
- 300° -7 ~ T, 77"
1 [ 1, 50(1-0.02 }_ 1 [ 1 +35(1—o.02)]
n-50-L10.05 35{ 0.02 n-35-L10.02 20\ 0.02
= T, = 272.865K

Heat transfer to liquid N, in this case per unit length,

9% _ 1. Ep, —Ep, | 567x10°%(272.86" —77*)
Lol A1 A(l-e)] [1 351—0.02]
—|—+=2 L L )

Agles Al e n-0.035/0.02 20| 0.02
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- % — 0.25298 = 0.253 wat

% change in heat gained by liquid N, per unit length of tube
- 05°02938 400 - 49.4%

Heat transfer reduces by 49.4%.

Solution : 35
Given: A pipe carrying steam with

T,=400°C=673 K
D,=20cm=0.2m g1=0,8l

T.=30°C=303K

1. Brick conduit,
D,=50cm=0.5m, €,=009
2. Square conduit of side,
w=05m, g;=009
To find:
(i) Netradiation heat transfer from pipe surface.
(i) The radiation heat exchange when pipe is enclosed within a 50 cm diameter, brick conduit.

(iii) The radiation heat exchange, when pipe is enclosed within a square conduit.
Assumptions:

1. Surface are opaque, diffuse gray.

2. Space between two concentric pipes is evacuated.

3. No conduction and convection heat transfer.

Analysis:
(i) The net radiation heat exchange from pipe surface to room can expressed as:
2~ ewD)o(TE - T

0.8 x 1 x0.2x567 x 108 x (673% - 303%)
= 5606.5W/m
(i) The radiation heat exchange between pipe and a conduit can be calculated as:

Ao(Td -T2)

1+[1_1)A1
€1 €o A2

When pipe is enclosed within brick conduit:

A (D) (02) g4
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Q wx0.2x5.67x1078 x(673* -303%)

“ : ; =5414 W/m
L LY (L) MO
0.8 |09
The reduction in heat radiation = 5606.5 — 5414 = 192.5 W/m
(iii) When pipe is enclosed within a square conduit:
A _(EDL)_(mx02)_ 4y
A, 4wl 4x0.5
-8 4 nnnd
% _ nx0.2><15.67><10 x (673" —3083 )=5454.2W/m
—+| —-1[x0.314
0.8 |09

The reduction in heat radiation = 5606.5 — 5454.2 = 152.3 W/m
Solution : 36
Given: Two parallel infinite surfaces with, T, = 327°C =600 K, e, =0.9,¢,=0.7

T,=127°C =400 K T,=227°C =500 K

e

Two parallel infinite gray surfaces
To find: Net radiation heat transfer.

Assumptions:
1. Surfaces are diffused and gray.
2. Heatis transferred by radiation only.

Analysis: The net radiation heat exchange between two parallel plates can be expressed as:

Q _ o -T3)
A
u(u)
€4 €o
Q,  5.67x108x(500% - 400%)

A 1 1
1
09 (07

When the hot plate temperature is raised to 600 K, then,

=1358.87 W/m?

Q, _ 5.67x107° x(600* - 400%)

=3829.88 W/m?

A 1 1
— | —=-1
09 (07
Q 3829.88
Theref -2 _ T/ -282
erefore, ?) 1358 87
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Solution : 37
Given: For the walls (1) and (2), we have @
T, =900K, €,=0.28,
T,=400K, €,=0.8,
For reradiating surface, Q=0
Thermal network in this case can be drawn as below:
Assume length of each side of the equilateral
triangular furnace are ‘I’ m.
L+, -1

We know, Fi, = ©) @
_l+l-1 05
21
For triangular ducts
By symmetry Fi3 = F,3=05
Calculating overall thermal resistance,
1 Ry, - (Ris +R
Ro = Frt Pyt ——————— = R +R, L Fip " (Rig + Rys)

— Rip + Rz + Az
Rz Riz+ Ry

1 1 1
. +
- 1-e, Ahp [AF13 AFzs)
= + +
€A €A L
AFp  AFs Afy

101 1
111-08 1-0.8 c>.5[o.5+o.5)
— + +
Al 08 | 08 1

1 1
05 05 05

111
= Re=72738M

Net radiation heat flux from hot wall,
g,  En—E,  567x107° x(900* - 400%)

A " ARy 11
A
6A

=19.499 kW =~ 19.5 kW/m?
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