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Bl H/Subject: (b#T 22 1) YERE) / Chemical Engineering II: Mass transfer (1% /1 sheet)

1. (255 / 25 points)

YIE A 377 ZMD SEHETUAT NG S 2 BROMERE 2 E 2 5. WEBEIEIME FAZICE o7 2 I 1
KT TH 2 &5 5. HENMEE (Ca) IFKIRFE (2 = 0) ITBWT Oy = Cys THo Tz, WP THWHEA X
— I CEEERE) ICE>THBL 2 =L > 0BV T Oy =0TH 5. WHFOWE A DIEFRBE D v B
<. / Consider the mass transfer of substance A from a gas phase into a stagnant liquid. The mass transfer
is assumed to be one-dimensional in the vertical downward z-direction. At the gas-liquid interface (z = 0),
the molar concentration of substance A in the liquid phase (Cy4) is C4 = Cys. Within the liquid phase,
the substance A undergoes a first-order reaction with a rate constant k, resulting in complete depletion
at z = L > 0. The diffusion coefficient of the substance A in the liquid is denoted by D.

(1.1) z € [0, L] IZBWT Oy S LRI Z FH T, / Write down the diffusion equation governing Cy
over the domain z € [0, L].

(1.2) EHREICHBWT, HiHOWE A DILBUTIERXD»HF 5N RITC AT XA -2 2EZ K.
Under a steady state, identify the dimensionless parameter obtained from the diffusion equation for
the substance A derived in the previous question.

(1.3) AIRITCRE LRITT ST X =201 X DIE20I/hE e E, 72031 IDIEE0IKREVe X Z
NZENED XS BN ZRL TV B 0aHE K.
Explain what situations are represented when the dimensionless parameter identified in the previous
question is much smaller than 1 and when it is much larger than 1.

2. (25 &/ 25 points)

IKFTEHHEL TWARE L =01 m DR ECEZAZSENRBELTVS. RERDKIFHIFATICHN
TED, FiRd ool KOTEE Uy 55, KD A BOIEURE D = 6.81 x 10711 m2 /s,
Schmidt £i& Sc = 14684, 72 AX S BEAEEIZ R ET Cy = 100 mol/m?, KRHTCop =0 TH 3. F
7=, Sherwood %% Sh ¥ Reynolds #4 Re ¥ Sc % Sh = 0.332Re'/2S5¢Y/3 DHHERIZHES £ 5 5.

A stationary flat plate with a length of L = 0.1 m is immersed in water, with protein localized on its
surface. A large volume of water flows parallel to the plate, and the flow speed of water far from the
plate is denoted by U,.,. The diffusion coefficient of the protein in water is D = 6.81 x 107! m?/s, and
the Schmidt number is Sc = 14684. The molar concentration of protein is C; = 100 mol/m? at the plate
surface and Cy = 0 in the bulk flow. The Sherwood number Sh is assumed to follow the correlation
Sh = 0.332Re!/2Sc!/3 where Re and Sc represent the Reynolds and Schmidt numbers, respectively.

(2.1) Uoo DM T 2L ShIZED XS WCELT 2. Bl L HITEZ K.

How does Sh change as Uy, increases? Provide an explanation for your answer.

(22) U =1m/s DL ZFREDTZAZKHDOEALFRKZ KD XK.

Calculate the molar flux of protein on the flat plate when Uy, = 1 m/s.

(2.3) KDJfEZ 3L &, LA EHDENLRRIIAFICZ 2 5.

When the water flow is tripled, how many times will the protein molar flux increase?



