B.Tech IV sem. Leather Technology
Mid Semester Examination-2019
Subject: Chemical Engineering - I Code: LT-071404

Max .mark:20 Time :2Hours
Note: Attempt any four question. All question has equal marks. Assume any
missing data

Q1. Explain the Euler’s equation. Derive Bernoulli’s equation for
incompressible fluid.

Q2. Draw the temperature length curve for co- current and counter current flow
in double pipe heat exchanger. With necessary assumption derive the
formula for LMTD.

Q3. Derive the heat flux equation of conduction through composite slab and
cylinder..

Q4. What are Newotonian and non- Newtonian fluids. Show that shear stress
verses velocity gradient profile for these fluids.

QS. The diameter of a pipe at a section 1-1 and 2-2 are 200 mm and 300 mm

respectively. If the velocity of water flowing through pipe at section 1-1
is 8m/s, then find-

(a) Discharge through the pipe

(b) Velocity of water section 2-2
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Ans. 2
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Fig. 3.2 (b) : Temperature - length curve for parallel flow
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Fig. 3.3 (a) : Counter-current flow in heat exchanger
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Fig. 3.3 (b) : Temperature - length curve for counter-current flow



heat transfer flux is directly proportional to a drivin_g force. Tl'w ?r}l:;ltni]:':rf;ilf:;rﬂhgzt
flow is taken as T}, -'T¢, where«T}, and - T, are the tempcratures o as

respectively. As the AT =T}, — T, varies along the length of heat t'XChﬂng(!r.ht.hc f'lhux 3‘150
varies over the entire length. If ‘we consider the differential element of area dA through which

dQ amount of heat flows under the driving force of AT then :

dQ
dA

* where U is the local overall heat transfer coefficient.

The equation (3.31) needs to be integrated for its application to entire area of heat transfer.

Loeran temperature difference : C\-/“p L g T ,v )
he

L
= U-(AT)=U (T - T¢) .. {331

=

Temperature

Fig. 3.7 : Temperature v/s heat flow rate (counter current flow)
Assumptions thus made are .
1. Overall coefficient U is constant.

2 Specific heats of hot and cold fluds are constam
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Rearranging the equation (3.33)
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[ntegrating the above equation over the limits -
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The hzat transfer rate in entive heat exchanger can be denoted by symbol Q
/ (AT, - AT . =
= [J N ———=s :
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Q = UA ATIm 339
where ATlm = (BT, - a1y RENT
In (AT,
|AT,

ATim is ceferred to as logarithmic mean or log mean temperature difference  LMTD

In counter current flow, the hot end approach AT, may be less than cold end approacn AT~
Subscripts may be interchanged for L;limin.mng confusion due to negative -+ s1vns
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Fig. 2.2 : Conduction through resistances in series
When a wall is formed out of series of layers of different materials it is called as a
composite wall.

Consider a flat wall constructed of a serics of layers of three different materials as shown

in Fig. 2.2 Let k;, k; and kj be the thermal conductivities of the materials of which layers are
made. Let thicknesses nf the layers be x,, xo and x; respectively.

Let AT, be the temperature drop across the first layer, AT, that across the second and AT,
that across/over third layer. Let AT be the temperature drep across the entire composite wall.
Let T,, T', T" and T; be the temperatures at the faces as shown in Fig. 2.2.
T, is the temperature of hot face and T is the temperature of cold face.

Assume further that the layers are in excellent thermal contact.

Furthermore, let the area of the compound wall. at right angles to the plane of illustration
be A

Overall temperature drop is related to individual temperature drops ov

equation
[AT = AT, + AT, + AT,)

—_

er layers by

-+ {213
It is desired-to derive an equation / formula giving the rate of heat flow throush series of
& = ) )
resistances.

Rate of heat flow through layer -1 i.c. through the material of thermal conductivity k; is
given by -
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Under steady state conditions of heat flow, all the heat passing through laver-1 first
resistance) must pass through layer-2 (second resistance) and in turn pass through laver-3
(third resistance), therefore @, Q, and Q, must be equal and can be denoted by Q. Thus, using
this fact, cquation ( 2.20) becomes '

Q Q Q

(Ko A/xys ¢ (kaAing) * (kaAliy) = 8T A .(221)
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Let Ry R, and It b the thermal resistanees offered Ly layer-1, 2 and 3 respectively
R,. R, and R, are gurt-n-._a:*—‘--_ ST —— .
————— S — | ———— .
'rkl = x /KA . t2.25)
R, = x/k:A . (226)
and | Ry = xy/kA = {227
L,
Equation (2 240, becomes
AT A
s g —— 12 28)
Q = VR, + R,
If R 1s the overall resistance, then for resistances in series, we have
R = RI+R‘+R.’ (2.29)




_Heat flow through & cylinder: vl

Consider the thick walled hollow cylinder as shown in Fig. 2.3, The inside radiug of
cylinder is r, and the outside radius is ry and length of cylinder is . Assume that thermal
conductivity of the material of which cylinder is madc be k.

Let the temperature of the inside surface be T, and that of the outside surface be T, Assume
that T, > T,, therefore the heat flows from the inside of cylinde

r to outside. It is desired tg
calculate the rate of heat flow for this case.

EER

Fig. 2.3 : Heat flow through thick walled cylinder

Consider a very thin cylinder (cylindrical element), concentric with the main cyliider, of

radius r, where r is between r; and r,. The thickness of wall of this cylindrical clement is dr.
The rate of heat flow at any radius r is given by

dT
dQ = -~k 2rrL (5) v/ .. (232)

Equation (2.32) is similar to equation (2.41. Here area perpendicular to heat flow 1s 2rrL
and dx of equation (2.4) is equal to dr.




Heat Transler

Rearranging the equation €2 H2h, wee il g £
dr ke2nld o e
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when r=r; | T =Ty i
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§ g m "
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J dr ’ k (2nl I aT e .
r Q ; '
Lo Lk (, }
~ki2rla (T, = Ty { (235
Inrp-Inr, = — Q [ ’ - A
[
k (2nL) (Tp- Ty ”‘ .. (236
In (ryfry) = Q' Y '
Rate of heat flow through thick walled cylinder : P s 1
_ k@aLi (T, - Ty) 4 b (2.37)
- In (I’zh 1)

at through a thick walied cylinder

Equation (2.3) can be used to calculate the flow of he
the rate of heat flow as /

It can be put into more convenient form by expressing

_ k(@Rry L) (T, 1) -
id 1r2 = l'l;' X
where rq, is the logarithmic mean radius and is given by .
L g~ o te-ti) 0 T
m = In (ry/ry) ~ 2.303 log (ry/ry) --- (239}
Am = 2mrpLos ... (2.40;

Ap, is called as logarithmic mean arca.

Equation (2.38) bccomes
k Am (T~ Ty)

Q=T - (24D
(T, - Ty) AT

Q =t ikAg R
(rg—r )/ kAy

where R

R.H.S. of equation (2.39) is known as the logarithmic mean and in particular case of
equation (2.39), ry, is known as the logarithmic mean radius. It is radius which when appilied
to the integrated equation for a flat wall, will give correct rate of heat flow through a thick-
walled cylinder.

The logarithmic mean is less convenient than the arithmetic mean, and anithmetic mean
is used without appreciable error in case of thin-walled cylinders.
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