BidiE K&
114 2 E AL 4 2K

uﬂ&%ﬁ

HBLR WERREETHEN

2]

ra g e

_E;%a Y ’ﬁ;’é; °

MAEL AT TR TRE T aEE

— L xEFHE—
IES Y.L VE

#BELEBRE

. AHLEFETAY > RESRMBLEN > FRSHRE  ERFEE -

2. R BLER > ATHBELS FRERLEE > RPFLMESL -
SANGHNE R 40 N RIFEG -

420 ERHBALERE (X55) FEERNTR
SHREMLRAEEREZEE (28%) EF -
6. HARAME AL LR -




XPERE 14 2FEBE TR AL RRA

FB LM HERALZHEE RS
Ay BT

AfBHX 4R R1ER

1. The chart below shows reduced viscosity as a function of reduced temperature.

)

i)

Explain why reduced properties are commonly used in engineering and scientific analyses.

(5 points)

Discuss why the viscosity of liquids decreases, while the viscosity of gases increases, with an

increase in temperature.
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(5 points)

Reduced temperature T, = T/T,
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2. A semi-infinite liquid with constant density (p) and viscosity () is bounded below by a horizontal surface
(the xz-plane). Initially, the liquid and the surface are stationary. Then at time =0, the solid surface begins

to move in the positive x-direction with a constant velocity vo as shown in the following figure.
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The equation of motion for the x-component of the velocity is
Ovy _ p0%vy
at  p ay?
1) Derive the equation of motion for the x-component of the velocity using a shell balance
approach. (10 points)
1) Non-dimensionalize the variable y. (5 points)

iii)  Non-dimensionalize the partial differential equations. (10 points)
iv) Write down the IC and BCs for the dimensionless differential equation. (S points)
V) Solve the partial differential equation. (10 points)
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3. A double-pipe heat exchanger is used, where cold water enters the inner pipe at an inlet temperature of
30°C and a flow velocity of 2 m/s. Hot water enters the outer pipe at an inlet temperature of 70°C. The
fluids fiow in a countercurrent configuration. The inner pipe diameter is 0.05 m, and the outer pipe

w

diameter is 0.1 m. The inner pipe wall thickness of 1 mm and pipe material thermal conductivity of 50 —

The physical properties of cold and hot water are the same: density p = 1000 % dynamic viscosity

u=0.001 Pa s, specific heat capacity ¢, = 4.2 k’;—]K and thermal conductivity k£ = 0.6 -7;1‘4-/; If the outlet

temperature of the cold water is 40°C and the flow rates of cold and hot water are identical, calculate the

required length of the double-pipe heat exchanger. (25 points)
Hint: Nu = 0.023Re%8Pr™

where n = 0.4 (hot side) or n=0.3 (cold side)

Validity: 0.6 < Pr < 160; Re >10000; £ > 10
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4. In a chemical pipeline, corrosion occurs primarily due to the reaction between water and organic
chlorides, producing ferric chloride (FeCls). When hydrochloric acid (HCI) is present, the corrosion rate
is mainly controlled by the mass transfer rate of water to the pipe wall. Water (H2O) is the limiting
reactant, and corrosion occurs only when water reaches the pipe wall. The reaction at the pipe wall is
extremely fast, and the water concentration at the wall (Cw) can be assumed to be zero. The primary
reaction can be simplified as:

2Fe + 6H,0 + 3Cl, » 2FeCl; + 6H,

The known ﬁapameters are: Water concentration in the bulk(Co): 10 ppm(mass); Water diffusivity:
Dap=1.5x10"° m%/s; Flow velocity: u = 0.2 m/s; Pipe diameter: D = 0.05 m; Fluid density: p =1000 kg/m?;
Fluid viscosity: p = 1.0x107> kg/m-s; Molar mass of Fe: 55.845 g/mol; Molar mass of H0O: 18 g/mol.
i) Calculate mass transfer coefficient, k. when f = 0.22. (10 points)
if) Calculate the corrosion rate of the pipe (Fe loss). (15 points)
Hint:
Coulburn-Chilton J-factor analogy:

¥ Nu Sh
]M=E=]H= 1=]D= 1
RePr3 ReSc3
Mass transfer:
J=k.-A-AC

Where:
J: mass transfer rate
A: the pipe cross area,
AC: concentration driving force (Co—Cyv),
Kc: mass transfer coefficient




