Mid-term exam simulation Spring 2023

Mid-term exam simulation
Question 1

In the system below, the pump provides a power of 25 kW and generates a flow rate of 0.04 m3/s in
the pipe. The fluid is water so p = 1000 kg/m3 and u = 1.69 X 1073 Pa - 5. Also take g = 9.8 m/s?.
To calculate the friction pressure drop in the pipe, assume the roughness of the pipe ¢ = 6 X 107 m
and neglect the minor losses.

a) Determine the height of water in the reservoir (hy).

b) Determine the flow rate if the pump is removed from the system.
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Question 2

When a flowing fluid changes direction, a force acts on the bend and tends to move it. In many cases
the joints are sufficiently strong to prevent such movement, but for large pipes (i.e. those used in
hydroelectric installations) large concrete anchorages are usually employed to keep the pipe-bends in
place, and it is important to know how much force a support must withstand. In this case, n elbow
placed flat on the floor is used to direct water which is flowing at a volumetric rate of 300 L/min. The
water jet, square in section, changes from 6 cm edge in point 1 to 10 cm edge in point 2. Determine
the absolute pressure at the outlet of the elbow and the value and direction of the anchoring force
needed to hold the elbow in place.

p = 1000 kg/m?
Q = 300 L/min
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Question 3

Find the heat transfer flow rate (q) through the composite wall in the following figure. Assume one-
dimensional heat flow in the direction of the bold arrow.

k=150 W/m-"C

k=30
k=50 A4.=01m?
Ag=4Ap q
——-
A C
T=370°C

T=667C

2.5 cm —» le— 7.5 cim1 —»|«5.0 con»
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Question 4

You are working for a chemical engineering firm and a client of yours is interested in replacing their
current heat exchanger. But to choose a new one, they first must understand the properties of the one
they are currently using... so they call you!

The diagram below represents the current heat exchanger of your client. The inlet and outlet
temperatures and the volume flow rates of the hot and cold fluids are known. Assume steady-state and
that all fluid properties are constant.

The flow rate of the hot and cold streams is 1.05 L /min and 1.55 L/min, respectively. The densities of
hot and cold water are 980.5 and 997.3 kg/m3,

hot-water stream and 418
cm and length of 10.19 m.

a) Calculate the mass flow rates for each stream and the rates of heat transfer from the hot water (Qh)
and to the cold water (QC). Note that the wall of the hot stream is not perfectly insulated.

b) Calculate the logarithmic mean temperature difference and the overall heat transfer coefficient.
c) Calculate the fraction of heat lost to the surroundings from the hot stream.

d) Your client would like to cool the hot stream five times faster (i.e. 5 * Qh). Calculate the necessary
heat transfer area and the cost of such a heat exchanger. Assume the same fraction of heat loss to the
environment as calculated in part (b) when determining the necessary area. Also assume that the inlet
and outlet temperatures and the overall heat transfer coefficient is the same. You have stainless steel
tubing available with an outer diameter of 5 cm and it costs 8 CHF/m which will have its outer surface
serve as the heat transfer area.

water

$ 71.5°C
|

27.8°C =—s s

Cold ( ;:}
!
'

water — ™ €
19.7°C

58.2°C



Mid-term exam simulation Spring 2023

Mid-term exam simulation solutions

Question 1

a) We apply the Bernoulli’s equation between point 1 and point 3. Keep in mind that for the same
assumption made in the Torricelli’'s theorem v; < v3. So, we write:

0 0
1 1
P1+pgh1+§/04¥ =P3+pg/h{'+§pv3

Then we apply the Bernoulli equation between point 2 and point 3, (h, = hz = 0).
L L
P; +Epv3 + Boump = P2 +Epv2 + AP
Comparing the two equations, we can write:

1
Py + pghy + Pyymp = P2 + Epv% + APf

Pl,gauge = Pz,gauge =0

3

0 0047 m
Vp == = 31.84—
A, T 2 s

2 1(0.04 m)

In order to find the APf, we need to find the friction factor:

Re _p*vpipe*D
u
3
0 0.04 7 m
PP Apipe %(0.06 m)? S

Consider vpipe = V3

100029 + 14.15 =% 0.06m

Re = m =5 x10°
€ 1.69 « 10-3Pas *

£ 6% 107°m
Dppe . 0.06m

= 0.0001
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Friction factor from Moody diagram: fr = 0.004

Calculation of friction induced pressure loss term AP¢

1 /i
APf=2 12npe ZL)+Z

plpe

AP = L4 100079 (1415 m)2 (4 0004 30+ o) 8 %105 P
= — % —_ . —_— * * * = *
=3 m3 s 0.06m a

power _ 25 x 103w

Boump = 0 m3 = 625000 Pa
0'04T
kg m\2
e 1000 (31.8?)
hipg = T + AP — Pyymp = 5 + 8% 10° — 625000 = 680620 Pa
680620Pa

10004 kg %9, 81—

Q= Apipe * Upipe = Ay * vy

Apipe * vpipe Dpipe)z 0.06

v, = =( * Vpine = (=) * v =2.25% v,
2 AZ D2 plpe 0 04_ pre plpe

Without the pump: By,mp = 0 and we already calculated h; = 69.4 m. So, we can write:

2
hy = 69.4m = v, Pnive ( 47 Z L) = %25 Voive)” | Voipe [ 4y ZL-
Zg 29 Dplpe ; ' 29 29 Dpipe ; '

Vpipe” (5 06 4 17 0:004 *30 m)
2%981% 0.06 m

69.4m =

69.4 % 2 + 9.81 m2 m
Upipe = 130652 1021+

3
Q = Vpipe * Apipe = 10217 + 2(0.06 m)? = 0.0288 =~
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Question 2
Because of the continuity equation, the velocities at the inlet and outlet of the elbow can be

calculated by imposing:

L 1m3 1min
Q :A1U1:A2v2 = 300 —_—
min 1000L 60s

A; = (0.06)>m? - v; =1.39m/s

=5.103%%
S

A, = (0.1)2m? - v, =05m/s
Apply Bernoulli between point 1 and 2 to obtain the pressure at point 2:

1 1
Py +pghy +5pvi = P, + pghy +5pv3
1 1 1 k 2
Py =P+ pvi ——pvs =5-10° Pa+ - 1000m—93- (1.392 — 0.52)’5"—2 = 500841 Pa

Using the momentum balance equation to obtain the reaction force:

N
Z Fsurface + z Footume = Z_f pv(v - R)dA;
7 A
Z Fsurface = Z Ffriction + z Fpressure + Z Freaction

Volume and friction are neglected:
Z Fyotume =0

Z Ffriction =0
N

Z Fpressure = —-P. A1y

i
Solving for x:
Freaction-x = P1.A1.7] — Py Ay 03 = py (Vg - 1) Ay + pU2(D; - ) A,
Freaction-x + P1A1 — P2A; cos(50) = _pvlel + pU%AZCOS (50)

Freaction—x + 5 - 10% (0.06)% — 500841 (0.1)2 cos(50)
= —1000 - (1.39%)(0.06)2 + 1000 - (0.52)(0.1) cos(50)

Froaction—x = —1800 +3219.3 — 6.9 + 1.6 = 1414.0 N

Solving for y:
Freaction—y -P A1y — Py Ay = ,0171(171 ' nAl)Al + pv; (172 ' T/E)Az
Freaction-y + P,A;c05(40) = —pv3A;cos (40)

Freaction—y + 500841 - (0.1)2cos(40) = —1000(0.52)(0.1)2 cos(40)
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4 Freaction-y = —3836.7 — 1.9 = —3836.6 N
E. = /Frz_x +F?%, = 40889 N
Fr
r-x - ]
— arctga = —2 = 69.8
Frx
a
Fry

Y F,

Question 3

The first thing we do for these heat transfer problems is to draw the thermal circuit:

B
A C
D

Riot = R4+ {Rp,Rp} + R

R, .= La + ! + Le
tot — kAAA (kiAB) + (kiAD) kCAC
B D
o _ 0025 1 005 _  oeer it
tot = 750501 T 730 % 0.05\ 770+ 005 T 50%01 O
( 0.0075 )+( 0.0075 )
AT 66 — 370

=113998W = 11.4 kW

1= "Rui 0026667

Question 4
a)
. . 980.5kg 0.00105m3 kg
= = * = —
mpy pth 3 605 0.0172 B
. . 997.3kg  0.00155m3 kg
= = * = —
me = p:V. — 05 0.0258 .
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(272K0) (R84 (71 5°¢ — 58.2°C) = 957.8 W

Qh = [mcp(Tin - Tout)]h S kgC

(P22 () @7.8°c —192°0) = 8735 W

Qc = [mcp(Tin - Tout)]c

ATy = Tyin — Toour = 71.5°C — 27.8°C = 43.7°C
ATy = Ty out — Tein = 58.2°C — 19.7°C = 38.5°C
_ (AT, -4Ty)

- Inin (j—;;)

ATy = 41°C

Area can be calculated from the length and outer diameter of the cold pipe given.

o <(957.8 er 873.5) W)

w
= = =13.96 ————
u AATy,, 1.6m?2 * 41°C m2-°C
c)
_ Qn—0Qc _ 957.8-873.5 _ _
floss = on o578 = 0.088 = 8.8%
d)

Qn*5=4789 W — 4789 W *91.2%
= 4368 W heat flow via heat exchanger in both directions

0 4368W . 2
A= = =7.63
UATim — 13.96(—5o)*41°C m
Length of pipe necessary is
7.63m?
=48.6m

L= 0025

48.6 m * 8% — 388.73 CHF



