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" Problem 1 (20%)

| Ammolia in a gas stream is treated by ammonia-fice water in a conter-cumrent absorption
- process to reduce w5 concentration. Gas stteam containing 2 mol% NHy enters the absorber ata

- molar flow rate of 1000 mol/s. The equilibrium relationship of WH3 in the pas/liquid phases at the
~ pprrating condition is represenied by v=0.8x, where x and v are the molar fractions of azpmonia in

"} liquid and pas phases, respectively.

g a}  If bie exit gas is to contain 0.2 mol% NHz, what will be the munimum Hquid flow rate?
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If the entening water fow rate is 2000 molfs, and the exit gas contains 0.2 mol% NH3.
calculate the number of transfer unit, Ny

c} The liquid side and gas side heights of transfer unit (Hy and FIx) are estimated to be 0.32 m
|- 5% and 1.1 m, respectively, [on the cotumn, What is the helght of paﬂkmg necded for the task in

{7

| 'd] If the entering water How rate iy 2000 molfs, and the column i3 equivalent to 2 theoretical

" 5% plates, calenlate the mole fraction of NHz in the exit gas.

[ Problem 2 (20%)

A tomato plant needs two liters of water each day of the growing scason to produce good crop)
* Tn order to water the plant antomatically, I would connect a long plastic tube 0.4 mn 1.D. to the

- 1_' frucet (B HEACEKBETR) atmy home where the water pressire 18 100 k Pa above atmospheric
|, pressure and lead st {e the plant. Assunming the plani oot and the faucet are on the same level,

‘determine how tong the tube would hawe to be to de]war 2 liters/day of water?

x a)  Give the mechanical energy balance between pﬂiﬁis 1 and 2 {see Figure),

Fo10% .

s by  Calewlate Tor the length of tube giving friction factor equations as follows,
. 0% | |

' fp=16/Re, Fe-22100

fl:'-—-ﬂ.[]*?"i-:l Re-1/4 - 2100<Te< 100 000
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|- 150 incompressible-Dowing fuid in the anaular repion and the forque acting on the inner cylinder
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Fig. Watering Tomate Plant

¥ Problem 3 (2054}
4] In this prallem, we wizh to determine the veloelfy distibution of a Newtonian

For the syslem shown in the following fimme. Start with the Wavier-Stokes equations in
sytindrical coordinates. The flow is steady, and the anunlar region is considered to be infinie
in the z-direction.

"h}  Using the shell momentum balance rather than sfa11iﬂg with the Navier-Stakes equation, *
59 fonmulate the momentun balanes equation of the problem indicatad _tn {2].
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{ Problem 4 (20%)

_ A heated sphere of radius B is suspended in a large motionless body of flnid of temperamre
';. 300 . The radins of the sphere i 5 em and the temperature of the sphere 15 500 K. It 1s assume
‘{hat the temperanwe of the sphere can be kept constant and the free convection can be neglectad.
- You are asked to caleulate the temperature at the position five times of rading far from the sphese
| surface (i.e. at 3R) when '

nl. the thermal vonductivity of the fluid is 0.01 cal/s.cm X,

_ b}, the thevmal conductivity of the fluid is 8.05 cal’s.em K,
-1 and to compare these two results.

| Problem 5 (20%)

_ The diaphragm cell 1s one of the best ways to measure diffusion coefficients {shown

~ § -attached figare). The cell consists of twa well-stirred volumes separated lry a thin porous

_ " digphragm (i.e. membrane). To measure a diffusion coefficient with this oell, we fill the lower |
| _;mmpamnc;nt with a solution of known cosicentration (single solute) and ihe uppe.r compartment

. - with pure solvent, After a knowa tima, we sample hoth compartments and mcasure their solule
| concentrations. |

Ll (a} Derive the steady state flux equation in terms of selste concentrations in both compaitments.
1.i6% Assume Henry's law type of equilibrium between solution and membrane surface, i.e. ¢=HC

i (where ¢ is conceniration at membrane surface and C 5 the concentration mn soletion);
:'lfh} Derive and explain ilie equation that can help to caleulaie the diffusion coefficient. Assume
. 14% that the sieady state flux can be reached quickly.

Define every symbol vou ased,

Wall=5itired
=alulions
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