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Instructions  

1.! Please solve the problems using the specified SI or IP system of units. 
2.! Please show all of your calculations to get full credit and pay attention to assumptions.  

3.! Neatly mark points and outline processes on the ASHRAE SI or IP psychrometric chart. � 
4.! Final solutions should be clearly summarized and marked/boxed. � 
5.! Use only the attached equation sheet. 
6.! Please attach additional pages of your work, clearly marking each problem. 

 

Problem 1 (5/100pts) 

Moist air exists at 85°F dry-bulb temperature, 40% relative humidity, and a total pressure of 1 atm. Use 
the psychrometric chart to determine the following values (with units, neatly mark points on chart):  
 
(a)!Dew-point temperature (1pt) 

57.5�F 
(b)!Wet-bulb temperature (1pt) 

67.2�F 
(c)! Humidity ratio (1pt) 

0.0102 lb H2O/lb dry air 
(d)!Mixture enthalpy (1pt) 

32 Btu/lb dry air 
(e)! Specific volume (1pt) 

13.96 ft3/lb dry air 
 
Problem 2 (2.5/100pts) 

Would you recommend an evaporative cooling system for use in the summer in Florida?  In Arizona? 
Briefly explain why.  
In Florida ! NO, since the relative humidity in Florida is too high. 
In Arizona ! YES, due to its dry air and high temperature. 
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Problem 3 (2.5/100pts) 

It’s February here in West Lafayette, Indiana.  Describe how you would condition the outdoor air in an 

air handling unit (AHU) of a building in order to meet the thermal comfort preferences of the occupants. 

Please list the AHU components you would use and neatly illustrate the process on the psychrometric 

chart to the right.  

 

AHU components: a heating coil and a humidifier 

February in West Lafayette is cold and humid, 

outdoor air needs to be heated up by a heating coil in 

the first place. Since this process can lower down the 

relative humidity, to achieve the thermal comfort 

level, heated air needs to go through a humidifier to 

enhance the humidity ratio. 

 

 

Problem 4 (2.5/100pts) 

Briefly explain Dalton’s Law of Partial Pressures (Dalton’s Model) through both words and equation(s). 

 

In a mixture of non-reacting gases, the total pressure exerted is equal to the sum of the partial 

pressures of the individual gases. 

!"#"$% = !'

(

)

 

Problem 5 (2.5/100pts) 

What is the difference between the humidity ratio and relative humidity?  Explain their relationship to 

temperature. 

Humidity ratio is the ratio between the actual mass of water vapor present in moist air to the mass of dry 

air. 
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Relative humidity is the ratio of vapor partial pressure in the air, to the saturation vapor partial pressure 

if the air at the actual dry bulb temperature. 
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Problem 6 (20/100pts) 

It’s winter and you’re in a large classroom with a volume 150 m3 at a dry-bulb temperature of 22°C, a 
total pressure of 96 kPa, and a relative humidity of 45%.  Determine:  

 

(a) Humidity ratio (5pts) 

 

Find2!>@EE℃ = 2.67142(M!4) from table A-4. 

!O = =!>@EE℃ = 0.45 ∗ 2.6714 = 1.2022(M!4) 

ω = 0.622
!O

! − !O
= 0.622

1.202
96 − 1.202

= V. VVWXY2
Z[2\]^

Z[2_`a2bc`
 

 

 

 

 

(b) Mass of dry air in the room (5pts) 

 

!$ = ! − !O = 96 − 1.202 = 94.7892(M!4) 

e$ =
e
f$

=
8.314
28.97

= 0.287 

+$ =
!$h
e$D

=
94.789(M!4) ∗ 150(+i)

0.287(Mj/Mlm) ∗ (22 + 273)(m)
= opW. Yq2(Z[) 

 

 

(c) Mass of water vapor in the room (5pts) 

 

ω =
+O

+$
→ 2+O = ω+$ = 0.00789 ∗ 167.94 = o. s]t2(Z[) 

 

 

 

(d) Will condensation occur on a window with a surface temperature of 2°C? (5pts) 
 

!O = 1.2022(M!4), roughly saturates at 9�C from table A-4 
! YES, condensation will occur on the window 
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Problem 7 (35/100pts) 

 
An AHU is operating to heat and humidify the outdoor air before it is supplied to a room. The air first 

passes over a pre-heat coil, then through an evaporative cooler, and finally, a re-heat coil.  The pre-heat 

coil is used to prevent the water in the evaporative cooler from freezing. The air flows through a perfectly 

insulated rectangular galvanized steel duct of 40cm by 30cm.  

 

Conditions: 

Total pressure of 1atm at all points. 

Point 1: Dry-bulb temperature of 8°C, relative humidity of 75%, velocity of 30 m/s. 
Point 3: Relative humidity of 90%. 

Point 4: Dry-bulb temperature of 23°C, relative humidity of 50%. 
 

Determine:  

(a)!Neatly sketch the process on a psychrometric chart and label all points (5pts) 

Step1: knowing point 1 and point 4 

Step2: getting point 3 with *i = *u and =i = 90% 

Step3: getting point 2 with D,wi = D,wE and *x = *E 
 

(b)!The amount of heat added by the pre-heat (8pts) and re-heat coils (8pts).  What is the ratio of the 

heat added by the pre-heat coil to the re-heat coil (4pts)?  

Know yx, ℎx, ℎE, ℎi, ℎu from psychrometric chart 

+$ =
hz
yx

=
30 +/3 ∗ 0.4(+) ∗ 0.3(+)
0.8025(+i/Ml2:1;24'1)

= 4.486(Ml2:1;24'1/3) 

{|}~�~$" = +$ ℎE − ℎx = 4.486(Ml2:1;24'1/3) ∗ 36 − 20 (Mj/Ml2:1;24'1) = Wo. WWp(ZÄ/Å) 

{}~�~$" = +$ ℎu − ℎi = 4.486(Ml2:1;24'1/3) ∗ 45 − 36 (Mj/Ml2:1;24'1) = qV. sWq(ZÄ/Å) 

{|}~�~$"
{}~�~$"

=
71.776
40.374

= o. WWX 

 

(c)! The rate at which water is added in the evaporative cooler (10pts) (+,) 

Ç* = *i − *E = 0.00875 − 0.005 = 0.003752

+, = +$ ∗ Ç* = 4.486 ∗ 0.00375 = V. VopX2(Z[2\]^/Å)2
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Problem 8 (30/100pts) 

It’s Dubai in July. You need to provide cool air to occupants in a building. First, you adiabatically mix 
outdoor air with recirculation air.  The mixed air stream is then cooled and dehumidified, followed by 
re-heat, before it is supplied to occupied spaces.  
 
Conditions: 
Total pressure of 1atm at all points. 

Outdoor air: dry-bulb temperature of 44°C, relative humidity of 50%, and mass flow rate is !"# = 400 kg 
dry air/min. 

Recirculation air: wet-bulb temperature of 19°C, specific volume of 0.8675 m3/kg dry air, and mass flow 
rate, !"$, is 33% greater than !"#. 

Supply air: dry-bulb temperature of 20°C, relative humidity of 50%. 
Collected condensate: temperature of 8°C. 
 
(a)!Draw a schematic of an AHU for this process. Label each point and the components (5pts) 

 
(d)!Neatly sketch the process on a psychrometric chart and label all points (5pts) 

Step1: conditions of point 3 (MA) can be derived from OA : RA = 3 : 4 

Step2: MA is cooled and dehumidified along with φ=100% curve, then reach Tdb4 = 8°C at point 4. 
Step3: point 4 to point 5 along with sensible heating 
 

(b)!Determine the heat removed by the cooling coil (7.5pts) and heat added by the re-heat coil (7.5pts).  

!" = !"# + !"$ = 400 + 532 = 932.(01.23/!56). 
!8 = !"(9: − 9<) = 932(01.23/!56) ∗ (0.018 − 0.00725)(01.B2C/01.23) = 10.02.(01.B2C/!56) 
DEFFGHIJ = !" ℎ: − ℎ< + !8 ℎ8@M℃  

.................= 932(01.23) ∗ 81 − 28 (0O/01.23) + 10.02(01.B2C) ∗ 33.7 0O/01.B2C  

.................= PQRSS.(TU/VWX). 
DYZ[Z"\ = !" ℎ] − ℎ< = 932(01.2^_.35^) ∗ 39 − 28 (0O/01.2^_.35^) = `abcb(TU/VWX) 
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(c)! Determine the amount of water removed from the air during the cooling and dehumidification 
process as kg water/kg dry air (5pts) 

...Δ9 = 9: − 9< = 0.018 − 0.00725 = a. a`aRc.(Te.fbg/Te.hij.kWi) 
 

 

 


