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Psychrometrics

1)   Ideal Mixing
2)   Ideal Gas Air
3)   Ideal Gas Water Vapor
4)   Adiabatic Saturation
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Metric Psychrometric Chart

Moran Table A-9, A-9E
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USCU Psychrometric Chart
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Cooling Dehumidification
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Conditioned Space
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Adiabatic Humidification
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Mixing
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Mixing Calculated

10 cubic meters per second of 10 C db, 5 C wb
air is mixed with 6 cubic meters per second of 
air at 25 C db and 18 C wb. Compute the mixture
conditions and compare them to results from
the psychrometric chart.



24



25
airdry  lbBTU/  84.511104.7.0252100.24h

60% ,100at 
airdry  BTU/lb  241104.70.100.24h

0% ,100at 

ωhhh

O

O

vaporairdry 

=×+×=
=

=×+×=
=

+=

φ

φ

100 F

24 BTU/lbm

51.8 BTU/lbm



26

R

1

2

3

1  Outside air
R  Return air from

conditionded space
2 After mixing
3 After dehumidifucation
S   Supply S

Combined Processes - mixing, cooling and dehumidification,
reheating, conditioned space.

1

R

22 3 S

QQ water

dbT

ω



27
Pre-heat Heat Humidify

O 1 2
3

S

O
1

2

R

R
S

cool

S
R

O
2

4

3

4

Combined Air Processes

Winter - Heating Summer - Cooling

o

o



28

Air water vapor out

Air water vapor in

Hot water

Cold water

makeup blowdown

( )inoutairmakeup

outairdown blow
water
cold

inairmakeuphot water

airoutinair 

ωωmm

ωmmm

ωmmm
out water massin water mass

mm
Balance  Mass

−=

++=

++
−

=

rwater vapoairby  gainedenergy  
 water liquidby lost energy net 

BalanceEnergy 

+
=

Natural Draft
Cooling Tower



29

( ) ( )

( )

( )

( ) ( )
( ) ( )

( )
( ) ( )
lb/hr 876.6  up make

.01876.0357851,504ωωm up make
r51,504lb/hmω1mωmair mass

air/hrdry  lb 50,556m

m19.78QQQ1,000,000
m17.3Q

88.1104.7.01876.03578mQ

hhωωmQ

m.0844Q

90)(100.45.01876mΔTcωmQ

m2.490100.24mΔTcmQ
F110at blowdown  and makeup Assume

TU/hr1,000,000BΔQΔQ
BalanceEnergy  and Mass

airdry   water/lb.03578lb
.95052.8214.329

.95052.8218ω

airdry   water/lblb .01876ω

.69904.614.329
.69904.618

p.614.329

p.618
ω

12a

a1a1a

a

aΔωωdrtair

aΔω

aΔω

F120 fF100 v12aΔω

aω

ap1aω

aapadryair

o
water air

2

1

Fg90

Fg90
1

1

oo

1

1

o

o

=
−×=−×=

=×+=×+=

=

×=++=

×=
−×−×=

−×−×=

×=

−×××=×××=

×=−××==

==

=
×−×

××
=

=

×−×
××

=
×−×

××
=

2
100 F
82%

1
90 F
60%

110 F

120 F

2

1

 water.makeup ofquantity   theb) and rate 
flowair   thea) Calculate  humidity. relative 82% and

100at  leavesair   theand humidity, relative 60%
and F90at  tower cooling  theentersAir   F.110 to

 F120 from reduced is water  theof re temperatuThe
flow. water a fromBTU/hr 101 removes

 towercoolingair  wcounterflo eevaporativAn    

o

o o

o

 6×

Cooling Tower Example


