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Subject : 231-201 Material and Energy Balances Room : ﬁaﬁuﬂuﬁ

sreazPgamsMVeTal

9
ﬁmﬂﬁf@ﬁauuNmuﬁ?aﬁmmaaﬂmﬂﬁmﬁau

[y

o o A - =Y Yy v 3
2. mmiaummﬁ@wsmaﬂmmﬂ%uﬂwmmﬁaﬂﬂ
3, °1°1’5'ﬁuﬁaw§‘eﬂ1ﬂm°luﬂﬁﬁﬁ’fﬂﬁa‘u"lé'
9 = 3 9 Ao g 9
4 Jogeviinanua 5 Yo Bimuianua 6 vl
Yo Y 9/ [ o ] 3/ 9
5 agaun@'lwmﬂmﬁaumuwmmmmmmammame%

4 o o R 9 Y
6. ﬂiaﬂ%auaxmauﬂﬁﬂmmum’fﬁaaamm:ﬂmﬂswﬁiu%’aaaunﬂwﬂwmﬂizmy

fof AZUUUAN ﬂzuuu?‘l"le’ﬂ
1 20
2 25
3 25
4 25
5 25
534 120

0.3UNUT FITTNG

9 9
Hoonvodoy



1. Air in pressure vessel at 70°C and total pressure 4000 mmHg contains 7.6% water by volume.

Calculate: (20 marks)

1) Partial pressure of water in the air stream.

2) What is the condition of this air in the vessel? .

3) After the system gets new saturation (equilibrium) condition, what is water content in the air?

4) If the system is heated up to 90°C at constant pressure, what is this new condition?



2. Use the humidity chart (psychrometric chart) to estimate the condition of the humid air flow (200
kg/h) at wet-bulb temperature 23°C and moisture content 0.012 kg/kg dry air: (25 marks)

1) What are dry bulb temperature (T ), relative humidity, and specific enthalpy of the humid air?

2) What is the volumetric flow rate of the humid air at this condition?

3) If the air is heated up to 50°C. How much enthalpy is required for the 200 kg/h humid air?

4) Draw the picture of psychrométric chart to explain for all process in this problem.
!
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3. Streams of saturated water (Stream 1) and saturated steam (Stream 2) are mixed and heated by heat
source in the heat exchanger to form superheated steam. Process data are given here. )

Feed stream 1: 120 kg/h at 100°C Feed stream 2: 200 kg/h at 120°C
1) Draw flow diagram of the heat exchanger.
2) Calculate the required heat input to the heat exchanger in kJ/h if the exiting steam is superheated
steam at 200°C and 1.5 bar.
3) If heat source Yor the heat exchanger is superheated steam (inlet at 320°C, 3 bar and outlet at

250°C, 2 bar). What flow rate of the superheated steam (heat source) is required to the system?

Neglect the kinetic and static energies of all streams. (25 marks)



4. Propane (C,H

from the reaction are produced at 800°C. (Assuming complete reaction occurs).
p g p

Calculate: (25 marks)

1)
2)
3)
4)

C,H, +50, - 3CO, +4H,0 C3H; 300°C Furnace
100% combustion

—
. _ Dry Air 400°C
Flow rate of air stream feeding to the furnace. 70% excess

Standard heat of reaction (combustion) of the propane.
Composition and flow rate of the product from combustion.

Heating rate to the combustion in furnace.

o 15 mol/h at 300°C is fed with dry air (400°C, 1 atm) at 70% excess air. Products

Products
800°



5. Cooling tower is designed to produce cooling water
(0.5 m’/h) by feeding humid air at 30°C (T,= 20°C) to
the system and discharging at 45°C (T,,= 32°C)
(outlet). The water temperature at inlet and outlet
stream is 50°C and 40°C, respectively. (25 marks)

(C, of water = 4.1855 J/(g'K))

Tpe =30°C
TWB = ZOOC

H,0 inlet
50°C
Cooling _
Airinlet——y  tower | Airoutlet
TDB =45°C
Tws = 32°C
\————? H,0 outlet
40°C

1) How much enthalpy of the water is changed in the system?

2) Calculate volumetric flow rate of humid air feeds to the system for producing the cooling water.

3) Calculate quantity of water vapor from cooling water loss (evaporate) to the air stream.



