ChE 204 — Introduction to Transport Phenomena Spring 2022

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.

40 mm diameter 60 mm diameter,
nozzle 30 m-long pipe,

\

.

-— 5 —

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 itisimportant to know how much force a support must withstand. In this case, a 180° elbow
is used to direct water (p = 1000 kg/m?3) flow upward at a mass flow rate of 40 kg/s. The diameter
of the entire elbow is 10 cm. The elbow discharges water in the atmosphere. The elevation difference
between the centers of the exit and the inlet of the elbow is 50 cm. The weight of the elbow, including
the water within it, is 2 kg. Determine the gauge pressure at the inlet of the elbow and the anchoring
force needed to hold the elbow in place.

50 cm

y
Water
X 40 kg/s
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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
ke =50 A4.=01m?
Ag=A4p q
——-
A C
T=370°C
\ D
T=667C
2.5 cm —» le— 7.5 cm1 —»|«5.0 cim»
Question 4

The figure below illustrates the cross section of a cylindrical vessel with length L = 1 m.

Insulation
ki = 0.04 W/im-K

St steel wall
ko =17 Wim-K

/) T = 25°C
. s o=
Pharmaceuticals, — ? h = 6 W/m2-K

a) In this first question, consider the vessel above without the insulation layer, just imagine it is not

there. In this case the inner surface temperature Tg; = 50 °C. Calculate the heat flow rate Q. What is
the dominant resistance?

b) Now include the insulation layer, assume the heat flow rate Q to be the same and calculate the
inner surface temperature Tg ; in this case.
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Mid-term exam simulation solution

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,
Py +pgh1+§/>é =P +pg/h{'+§pv3

Then we apply the Bernoulli equation between point 2 and point 3, (h, = hy = 0).

1 1
Py +§pv§ + Boump = P, +§pv§ + APf

Comparing the two equations, we can write:

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

Pl,gauge = PZ,gauge =0

3

Q 0.04—s m
vV, =—=———">"—=13184—
272 n 2 s

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

Re_p*vpipe*D
u
3
0 0.04 - m
PPE Apipe  7(0.06m)2 s

Consider vpipe = V3

1000 %9 + 14.15™ « 0.06m
m S

=5 %10°
1.69 « 10-3Pas *

Re =

e 6% 107®m
Dye . 0.06m

= 0.0001

Friction factor from Moody diagram: f; = 0.004



ChE 204 — Introduction to Transport Phenomena Spring 2022

Calculation of friction induced pressure loss term AP¢

1 Ay
A1Df=2 ;lpe ZL)+Z

plpe

AP = L4 100059 (1415 m)z (4 0004 30+ o) 8 %105 P
= — % — % 15—) =* * * = 8%
f=3 m3 s 0.06m @

_ power _ 25 x 103W

B = 625000 Pa
pump — 3
¢ 0.047
S
kg m\2
pv2 1000-% + (31.87)
hipg ===+ APy — Bump = 5 + 8% 105 — 625000 = 680620 Pa
680620Pa
hy = =69.4m
1 kg
1000 * 0, 81—
b)
Q= Apipe * Upipe = Ay x vy
Apipe * Up; Dy 0.06
__ _'pbipe pipe __ pipe _ —
V2 = A, - ( D, )2 * Upipe = (m)z * Upipe = 2.25 = Upipe

Without the pump: Byymp = 0 and we already calculated hy = 69.4 m. So, we can write:

b = 60am =2y Dowe [ My N7\ @25 Vpipe)® | Voipe (47 N7,
1= m = 2 + — > . il = > + : = i
g g pipe 7 g g pipe i

4% 0.004 =30 m)
0.06 m

vpipez
69.4m = ——+— (5.06 +
2x981 37

B 69.4 * 2 x9.81 m? _ 10 21m
Upipe = 13.06s2 4y

3
Q = Vpipe * Apipe = 10.21% * 2(0.06 m)? = 0.0288’”T
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Question 2

N
Z Fsurface + z Footume = z f pv(v - n)dA;
i=1 A

Z Fsurface = Z Ffriction + Z Fpressure + z Freaction
Z Ffriction =0

2 Fpressure =—P.Apn

Z Fyotume = Metpow- 9

We need to calculate the gauge pressure so we apply Bernoulli’s principle between the inlet point (1)
and the discharge point (0)

1 1
P +§pv2 =P, +§pv2 + pgho

We know that mass flow rate,m = pAv

. . . j 40
Thus, velocity of water in the pipe inlet ,v; = 2

pA = 1000x(mx(0.1)2)/4 =5.09m/s

Applying conservation of mass between the inlet point (1) and the discharge point (0)
Ayv1 = Agvy

Since the area of pipe is not changing,

Hence, v; = vy =v =5.09m/s
By replacing the values in the Bernoulli’s equation:
P; + 0.5 X 1000 x (5.09)2 = P, + 0.5 X 1000 x (5.09)% + 1000 X 9.81 x 0.5
Py —P,=4.9kPa
We consider the pressures as gauge pressures, thus

POgauge =0 Plgauge =49 KPa
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In order to determine the anchoring force, we need to resolve the forces along x and y directions.

Z Fsurface + Z Fpressure = Z Freaction

Resolving the forces along the +x direction using gauge pressure:

Z Fpressure,x = _Plgauge-Al.-nl - 'POWWZ _Plgauge-Al.- - = +PlgaugeA

(0.1)? s
Z Fpressure,x =|lmX 7 (49 x10°) = 38.48 N

z Fvolume,x =0

Therefore,

z Fourfacex = Pr1A1(v1.1) + pvoAo(vo.n) = pv1A;(+v1)(=1) + proAo(—v) (+1)

pv14; = proho = m >
z Fsurface,x = m(_vl) + m(—vo) = m(_vl - UO)

Z Fourfaces = 40 X (=5.09 — 5.09) = —407.2 N

Z Freactionx = Z Fourfacex _Z Fyressurex = —407.2 — 38.48 = —445.68 N

Now resolving in the y direction,

Z Fpressure,y =0

The weight of the elbow, including the water within it, is 2 kg. Therefore,

Z Freaction,y.total = _Fvolume,y = — Mepow-g = —2%X9.8=-19.6 N



ChE 204 — Introduction to Transport Phenomena Spring 2022

1
Frer = ((445.68)% + (19.6)?)Z = 446.11 N

And it is directed along angle a:

E
tan a = —=
rXn,x
a = arct —_ =251°
9 44568
A
rxn,x
- === >
a I
) Y o rxny
rxn
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Question 3
The first thing we do for these heat transfer problems is to draw the thermal circuit:

B
A C
T,=370°C —\/\/\/\—o 0—\/\/\/\— T,=66°C
D

Riot = Ra +{Rp,Rp} + R¢

ol 1 , L

8T kyAy (kBAB) N (kDAD) kcAc

Lg Lp
o 0025 1 005 _ i
ot =150%01 T (30 " 0.05) . (70 " 0.05) tsov01
0.0075 0.0075
AT 66 — 370
= - — 113998 W ~ 11.4 kW

"R 0.026667

Question 4

Assumptions: (1) Steady-state, (2) One-dimensional, radial conduction, (3) Constant properties, (4)
Negligible contact resistance, (5) Negligible radiation.

(a)

Tor MWW= 1.,
Rcond(l) Rconv
R _l_frz dr 1 (n1 N 1 XO.Slm)
cond) = ka ), ky 2nrl  2mlk, nee )= o % 1m x (17W_K) 0.5m
m

Reona(ry = 1.85 x 107*K/W
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1 1
R = = =52x1072K/W
©omv o 2mrlh 2m(0.51m) X lm x 6 W/m2.K /
Reonv > Reond(1) = The dominant resistance is due to convection.
. To1— T 50 — 25) °C
Q= - ( ) =479 W

1 r T~ 185x 10-*K/W + 5.2 x 10-2K/W
ok, (M ) + 70y

(b) With the insulation,

Tor WA 1.

Rcond(l) Rcond(Z) Rconv

R _l_frz dr 1 nl . 1 XO.51m)
cond) “ka ), ky 2nrl ~ 2mlk, nine )= o % 1m X (17W_K) 0.5m
m

Reonaqy = 1.85 X 107*K/W

R R dr_lllrg_ 1 ><0.53m
cond(2) = pa r, ki2mrl  2mlk; (Inin 7 )= 27 % 1m X (0.04W .K) O.51m)
m
Rcond(z) =153 x 10_1K/W
1 1

=5.0x 10"2K/W

R = =
oM 2mrlh 2m(0.53m) X 1m x 6 W/m2.K

_To1—Tw
Q= >R

T =T + Q[ZR] =Tw + Q[Rcond(l) + Rcond(Z) + Rconv]

Tgq = 25°C+479W[1.85 x 107* + 1.53 x 1071 + 5.0 x 107%] — = 122.3°C

==

9
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