Spring semester 2018 18.04.2018

ChE 204 - Introduction to Transport Phenomena

Mid-term Exam

Question 1:

The system below carries water (p = 1000 kg/m?; g = 9.8 m/s?; u= 8.9 x 10 Pa-s) at a
volumetric rate of 0.1 m®/s. If the pipe is stainless steel and has a diameter of 150mm,
calculate the pressure P in the following cases:

a) negletting losses
b) including losses

c) if water was finally discharged to the atmosphere in B (exclude losses)
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Question 2:
y \ The pipe bend on the left is in a horizontal
o PlaNE. Water (p = 1000 kg/m®; g = 9.8 m/s?)
enters the bend with a velocity of 3.5 m/s and a

pressure of 280 kPa. Neglecting any energy
losses in the bend, find the force required to
hold the bend in place.

Direction
of flow

200-mm diameter
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Question 3:

In a textile manufacturing plant, the waste dyeing water (C, , = 4295 J/kg - °C) at 75°C is to
be used to preheat fresh water (C,, . = 4180 J/kg - °C) at 15°C at the same flow rate of 2 kg/s

in a double-pipe parallel flow heat exchanger. The overall heat transfer coefficient is 625
W /m? - °C and that the rate of heat transfer is 35 kKW.

a) Calculate the outlet temperatures of each fluid stream
b) Calculate the heat transfer area

¢) Knowing that hn=1350 W/m?- °C, hc=1500 W/m?: °C and the thickness of the inner tube wall
is 0.1m, find the thermal conductivity of the inner tube wall.

Question 4:

Consider the composite wall illustrated below for high H = 3m, thickness 1m, Hs=Hc=15m, L1 =
L3=0.05m,L2=0.1m, ka=kp =50 W/mK, kg =10 W/mK and kc =1 W/mK.

a) Sketch the thermal resistance circuit.

b) Under conditions for which T1 = 200 °C, h1 = 50W/m?K, T2=25°C and h2=10W/m?K, what is the
rate of heat transfer through the wall ?

¢) What are the interface temperatures ?

'
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Introduction to Transport Phenomena: Solutions to mid-term exam

Question 1

pipe area = mw X 1?

152
A= X O.Tz 0.0176 m?

velocity = Q X T

velocity = 0.1 X

a) Applying Bernoulli between point 1 and point 2

1 2 1 2
P, + p.g.h1+5.p.v1 = P,+p.g.h, +E.p.v2

1
P+ p.g.25 = 40 x 103 + p.g.150 +§.p.5.682

P, =1.28 MPa
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b) Now we must consider losses, so calculating the Reynolds number, relative roughness and
the fanning friction factor

D
Re=p><v><;
_ 15  _ 1p6
R, = 1000 X 5.68 X 0.——— =10
8.9x10
5_0015_10_4
D 150

Checking the corresponding value on the moody chart for the fanning friction factor,

f; = 0.0035

1 1 1 4f;
P+ p.g.hy +§.p.vf = P,+p.g.hy +§.p.v§ +§.p.v§ (F'(ZLL')J’ZKJ')

1 1
Pi+ p.g.25= p.g.150 +5.p.5.68% +40 X 10° + 5. p. 5.682(<4 X %(300 + 150 + 295))

+(04+09+09+1))

P, = 2.35 MPa

c) Essentially same as part 1, just P, changes to atmospheric pressure

1 1
P, + p.g.h1+§.p.vf =P, +p.g.hy +§.p.v22
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1
P+ p.g.25 =100 x 103 + p.g.150 +5p- 5.682

P, = 1.34 MPa
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Question 2

— 350
vy = 3. S
P, = 280 kPa

In order to determine the anchoring force, we need to resolve the forces along x and y directions.

2:Freaction + 2"Fpressure + 2:Ffriction = z“Fsurface

z:Ffriction =0

YF eaction + (—P1410;) + (—PzAz?lz) = j pvy (vy. ny)dA; + j pv,(v,.1,)dA,
Aq Ay

We need to calculate P, and v,.
Because of the continuity equation: Ajvy = A,v,
3.5 x 0.2%2 = v, x 0.082
v, = 21.875m/s

Regarding P,, we apply Bernoulli’s principle:

0 0

1 1
/;71 +Ep.vf + p.g.-hy =/15+5p-17% +p.9.-h;

280000 + 0.5 x 1000 x 3.52 = P, + 0.5 X 1000 X 21.8752
P, = 46.86 kPa

Resolving the forces along the +x direction:

z:Freaction,x — P1A;(=1) = P,4,(=1)cos65° = —PV§A1 - PV%A2C05650

XFreactionx = —P1A; — PyA;c0565° — pviA; — pv3A,cos65°
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= —A;(P, + pv?) — A,c0s65° (P, + pv3)
= —3.14(0.1)%(280000 + 1000 x 3.5%) — 3.14(0.04)? x 0.42 X (46860 + 1000 x 21.8752)

= —10200.04 N = —10.2 kN

Resolving the forces along the +y direction:

2:Freaction,y + 0 — PyA,(+1)sin65° = 0 + pv5A4,sin65°
: 2

ZFreaction,y = A,sin65° (P, + pv3)

=3.14 x (0.04)2 X 0.9(46860 + 1000 x 21.8752)
=2375.53 N = 2.375 kN

1
Fnet = (Frzeaction,x + Frzeaction.y) = ((_10200'04)2 + (2375'53)2) /2

= 10473 N = 10.473 kN
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Question 3:
a)Q = 35000W = 1ircy p(Thi — Th,o)

35000 = 2 * 4295 * (75 — Ty, )

35000
Tho =75~ (5 77502)
2 %4295

Tho = 75— 4.07 = 70.93°C

Similarly, @ = 35000W = mcy, (T;o — Tc,i)

35000 = 2 * 4295 x (T.o — T¢;)

35000

Teo =15+ (3772395

)

T., =15+4.07 =19.07°C
b) Parallel flow recognition

— (ThiTei)=(ThoTeo) _ (75-15)=(71719) _ £ or

ATLMTD Tpi-Tci ] 75—15 -
In (Th,;)—Tc:o) Gis)
) 35000
Area = < = = 0.98m?

UAT D  625%57.1

c)

1 0.1 1

1 .
U~ hp  k  he

1 1 0.1 1

625~ 1350 " k T 1500
So, we get k=500Wm~1°C
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Question 4:
a)
1
S EEE e e EERE
F— N _+—-IMN— QCo = \> e ©
T ND ©
| | IR Reonp A \ R oy
@ 4 ND, & W
b)
Repe = ——+ —A_ 4 ! LR
L™ n Ay ksAs  kgAg n kcAc * kpAp  hyA;
LB LC
R = 1 0.05 1 0.05 1
t"t_50*3+50*3+10*1.5+1*1.5+50*3+10*3
0.1 0.1

Rtot = 0.0067 + 0.0003 + 0.0060 + 0.0003 + 0.0333 = 0.0466°CW ~?

= 3755.4 W

0= AT _ 200-25
T Reor | 0.0466

c)

For the interface temperatures,

Q = hiA1(Ty — Ty)

So, Ty =T, — —— =200 — 2232 = 174.96°C
hyA; 50%3

Similarly, Q = hZAZ(TD - Tz)

Q@ _ 2543755 _ 150.18°C

hyA, 10%3

So, TD = T2 +

TB=TA_

kada
La

Ty = 174.96 — RCOND_AQ = 17496 — 0.0003 * 3755.4 = 173.8
Similarly,

Te = Tp + Reowp,pQ = 150.18 + 0.0003 * 3755.4 = 151.3°C
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