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PLEASE!

• SILENCE PHONES

• DISTINGUISHED LECTURER EVALUATION FORMS ARE

VERY IMPORTANT.  PLEASE COMPLETE AT THE END OF

THE PRESENTATION AND RETURN TO THE CTTC OR

PROGRAM CHAIR.

MORE INFORMATION ON THE DL PROGRAM AVAILABLE

AT: WWW.ASHRAE.ORG/DISTINGUISHEDLECTURERS

This ASHRAE Distinguished 

Lecturer is brought to you by 

the ASHRAE Society Chapter 

Technology Transfer 

Committee

Lecturer presentations and/or 

opinions do not necessarily 

reflect the policies or position 
of ASHRAE or the chapter.

http://www.ashrae.org/distinguishedlecturers


BECOME A FUTURE LEADER IN ASHRAE –
WRITE THE NEXT CHAPTER IN YOUR CAREER

YOU ARE NEEDED FOR:

❖ SOCIETY TECHNICAL COMMITTEES

❖ SOCIETY STANDARD COMMITTEES

❖ CHAPTER MEMBERSHIP PROMOTION

❖ CHAPTER RESEARCH PROMOTION

❖ CHAPTER STUDENT ACTIVITIES

❖ CHAPTER TECHNOLOGY TRANSFER

FIND YOUR PLACE IN ASHRAE AND VOLUNTEER

ASHRAE Members who are active at their chapter and society become 

leaders and bring information and technology back to their job.
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REVIEW OF BASICS



PSYCHOMETRICS DEFINED

THE SCIENCE THAT INVOLVES THE PROPERTIES OF MOIST AIR AND THE

PROCESS IN WHICH THE TEMPERATURE AND/OR WATER VAPOR

CONTENT OF THE MIXTURE ARE CHANGED

“UNDERSTANDING PSYCHROMETRICS”  





ELEMENTS OF PSYCH CHART

• DRY-BULB TEMPERATURE (DB)

• WET-BULB TEMPERATURE (WB)

• RELATIVE HUMIDITY (RH)

• HUMIDITY RATIO (W OR G)

• DEW-POINT TEMPERATURE (DP)

• SPECIFIC ENTHALPY (h)

• SPECIFIC VOLUME (v)
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Dry Bulb °F (DB)
▪ Air temperature measured

by an ordinary thermometer

▪ Easiest psychrometric 

property to measure

40°F 50°F 60°F 70°F 80°F 90°F 100°F 110°F 120°F
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Wet Bulb °F (WB)
▪ Temperature of 

evaporation 

▪ Measured with a 

wet wick in airstream

30°F 60°F50°F

80°F

70°F

90°F

40°F
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Relative Humidity % (RH)
▪ The ratio between the 

mass of water vapor present 

& the maximum mass of

water vapor that can be 

contained at the same 

DB temperature

40%

10%

20%

60%80% 50%

30%

100% 90% 70%
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% RH = moisture the air is holding

moisture the air can hold



Humidity Ratio #water/#air (W)
▪ Ratio of mass of water 

vapor to the mass of dry air 

▪ Moisture content

▪ Also referred to as Grains 

7000 grains = 1# water

1W × 7000 = Grains

0.008

0.004

0.016

0.012

0.020

0.024

0.028
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Dew Point °F (DP)
▪ Surface temperature at 

which condensation occurs

▪ Surrounding air 

conditions relative to 

a surface

50°F

60°F

70°F

80°F

40°F
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Enthalpy BTU/#air (h)
▪ Convenient sum of the 

two components of the 

energy balance 

equation: 

internal energy 

+ 

flow-work energy 

10

15

25

20

45

40

50

55 60

14

30

35



Specific Volume Ft3/#air (v)
▪ Volume per unit mass
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Given two pieces of 
information, a point can be 
located and other properties
for that point can be 
determined

55°F

75°F

50%

13.68 ft3/#air

0.0092 #water/#air

62.8°F

Wet Bulb

Humidity Ratio

Dew Point

Enthalpy

Specific Volume

28.2 Btu/#air
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Room conditions: 
75°F and 50% RH



Humidify

Dehumidify

HeatCool
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•Vertical movement = Change in moisture

oDown: Dehumidify (remove moisture)

▪Decrease W (#water/#air )

oUp: Humidify (add moisture)

▪Increase W (#water/#air )

oLatent

•Horizontal movement = Change in temp.

oLeft: Cool

▪Decrease DB (°F)

oRight: Heat

▪Increase DB (°F)

oSensible

L
a
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n
t 

C
h

a
n

g
e

Sensible Change



SPACE CONDITIONS



SPACE LOAD AND SPACE CONDITIONS

• Using a standard unit with a delivery air condition of 55ᵒF /90%, 

what room conditions can be maintained for the following space: 

• 40’x50’ classroom:

• Envelope = 6,500 BTUh (all sensible)

• Equipment & Lights = 1,700 BTUh (all sensible)

• People = ?







(40’x50’) x (65 people/1000ft2)= 130 people



SPACE LOAD AND SPACE CONDITIONS

• Using a standard unit with a delivery air condition of 55ᵒF /90%, 

what room conditions can be maintained for the following space: 

• 40’x50’ classroom:

• Envelope = 6,500 BTUh (all sensible)

• Equipment & Lights = 1,700 BTUh (all sensible)

• People = 245 BTUh/person x 130 people =  31,850 BTUh Sensible

155 BTUh/person x 130 people =  20,150 BTUh Latent



SPACE LOAD AND SPACE CONDITIONS

• Sensible Load: 40,050 BTUh

• Latent Load: 20,150 BTUh

• Total Load: 60,200 BTUh

• Sensible Heat Ratio:  qS/qT = 40,050/60,200 = 0.665





SHR = 0.665



55ᵒF/90%



55ᵒF/90%



75ᵒF/50%

Not attainable

55ᵒF/90%



75ᵒF/50%

Not attainable

55ᵒF/90%

1
2

1: 75ᵒF/58%

2: 81ᵒF/50%



75ᵒF/50%

Not attainable

55ᵒF/90%

1
2

1: 75ᵒF/58%

2: 81ᵒF/50%

How much cfm?
qs = 1.1cfm(ΔT)
40,050 BTUh = 1.1 (cfm) (75-55)
cfm = 1820



REQUIRED UNIT / COIL CAPACITY

• Room load is only one element – also dependent on ventilation

• Classroom with 130 people



(40’x50’)0.06cfm/ft2

+ (130 people)7.5cfm/person 

1095 cfm outdoor air



55ᵒF/90%

1095 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

725 cfm 
RA @ 

75ᵒFDB/
58%

1820 cfm 
MA @ 

84ᵒFDB/
69.8ᵒF WB

75ᵒF/58%

90ᵒF/72ᵒF



COIL LOAD (UNIT CAPACITY)

• QT = 4.5 cfm Δh



55ᵒF/90%

22.3

90ᵒF/72ᵒF

33.8

1095 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

725 cfm 
RA @ 

75ᵒFDB/
58%

1820 cfm 
MA @ 

84ᵒFDB/
69.8ᵒF WB



COIL LOAD (UNIT CAPACITY)

• QT= 4.5 cfm Δh

= 4.5 (1820)(33.8-22.3)

= 94,185 BTUh → 94,185 BTUh/12,000 = 7.8 tons



55ᵒF/90% 0.0084

90ᵒF/72ᵒF
0.0124

1095 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

725 cfm 
RA @ 

75ᵒFDB/
58%

1820 cfm 
MA @ 

84ᵒFDB/
69.8ᵒF WB

84ᵒF/69.8ᵒF



COIL LOAD (UNIT CAPACITY)

• QT= 4.5 cfm Δh

= 4.5 (1820)(33.8-22.3)

= 94,185 BTUh → 94,185 BTUh/12,000 = 7.8 tons

• Qs= 1.1 cfm ΔT QL= 4840 cfm Δw

= 1.1 (1820)(84-55) = 4840 (1820)(0.0124-0.0084)

= 58,058 BTUh = 35,235 BTUh

QT= 93,293 BTUh = 7.8 tons



4.5 tons 7.8 tons



4.5 tons 7.8 tons

9.9 tons



SMALL CLASS SIZE

• 40’x50’ classroom (design peak → part load) :

• Envelope = 6,500 BTUh 

• Equipment & Lights = 1,700 BTUh  

• People = 245 BTUh/person x 130 people =  31,850 BTUh Sensible

245 BTUh/person x 30 people =     7,350 BTUh Sensible

155 BTUh/person x 130 people =  20,150 BTUh Latent             

155 BTUh/person x 30 people =      4,650 BTUh Latent



SPACE LOAD AND SPACE CONDITIONS

• Sensible Load: 40,050 BTUh 15,550 BTUh

• Latent Load: 20,150 BTUh 4,650 BTUh

• Total Load: 60,200 BTUh 20,200 BTUh

• Sensible Heat Ratio:  qS/qT = 40,050/60,200 = 0.665

15,550/20,200 = 0.77



55ᵒF/90%



(40’x50’)0.06cfm/ft2

+ (30 people)7.5cfm/person 

345cfm outdoor air



55ᵒF/90%

90ᵒF/72ᵒF

75ᵒF/53%

345 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

1475 cfm 
RA @ 

75ᵒFDB/
53%

1820 cfm 
MA @ 

77.8ᵒFDB/
64.8ᵒF WB



REDUCED COIL LOAD

• QT= 4.5 cfm Δh

= 4.5 (1820)(29.7-22.3)

= 60,606 BTUh → 60,606 BTUh/12,000 = 5.1 tons

• Qs= 1.1 cfm ΔT QL= 4840 cfm Δw

= 1.1 (1820)(77.8-55) = 4840 (1820)(0.0102-0.0084)

= 45,645 BTUh = 15,856 BTUh 

QT= 61,500 BTUh = 5.1 tons



UNIT SIZE IMPACT ON PERFORMANCE

• UNIT CAPACITY SELECTED @ PEAK = 8 TONS

• ONLY NEED 5 TONS WITH FEWER PEOPLE

This is GREAT!!!! 

We have plenty of 

capacity



UNIT SIZE IMPACT ON PERFORMANCE

• UNIT CAPACITY SELECTED @ PEAK = 8 TONS

• ONLY NEED 5 TONS WITH FEWER PEOPLE

BUT….WAIT

What happens when you 

provide 8 tons of cooling 

to a space that only need 

5 tons?



UNIT SIZE IMPACT ON PERFORMANCE

• UNIT CAPACITY SELECTED @ PEAK = 8 TONS

• ONLY NEED 5 TONS WITH FEWER PEOPLE

BUT….WAIT

What happens when you 

provide 8 tons of cooling 

to a space that only need 

5 tons?



UNIT SIZE IMPACT ON PERFORMANCE

• UNIT CAPACITY SELECTED @ PEAK = 8 TONS

• A SIGNIFICANT PORTION OF THE TIME THE FULL 8 TONS IS NOT NEEDED

• LESS PEOPLE

• LOWER OA TEMPERATURES

• LESS SOLAR LOAD

• NOT ALL EQUIPMENT/LIGHTS ON



UNIT SIZE IMPACT ON PERFORMANCE

• UNIT CAPACITY SELECTED @ PEAK = 8 TONS

• A SIGNIFICANT PORTION OF THE TIME THE FULL 8 TONS IS NOT NEEDED

• LESS PEOPLE

• LOWER OA TEMPERATURES

• LESS SOLAR LOAD

• NOT ALL EQUIPMENT/LIGHTS ON

WHAT CAN WE DO?



UNIT SIZE IMPACT ON PERFORMANCE

qs = 1.1 CFM ΔT
• Peak Load: 40,050 = 1.1 CFM (75-55) → 1820 cfm

• Reduced Sensible Load: 15,550 BTUh (fewer people)

• Reduced load, change ΔT or change airflow?

Option 1: Keep air flow = 1820 cfm; Increase SA temp to 67˚F



55ᵒF/90%

90ᵒF/72ᵒF

75ᵒF/53%

345 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

1475 cfm 
RA @ 

75ᵒFDB/
53%

1820 cfm 
MA @ 

77.8ᵒFDB/
64.8ᵒF WB

Coil Performance Line

67ᵒF



This will control temperature 

(sensible load) 

BUT

INADEQUATE moisture 

removal (latent load)!



UNIT SIZE IMPACT ON PERFORMANCE

qs = 1.1 CFM ΔT
• Peak Load: 40,050 = 1.1 CFM (75-55) → 1820 cfm

• Reduced Sensible Load: 15,550 BTUh (fewer people)

• Reduced load, change ΔT or change airflow?

Option 1: Keep air flow = 1820 cfm; Increase SA temp to 67˚F 

Option 2: Keep ΔT = 20˚F; Reduce airflow = 705 cfm

Need to ensure adequate ventilation & 

space pressure



SOLUTIONS

• DEPENDS ON THE SYSTEM TYPE, APPLICATION, AND PRIORITIES

• REHEAT

• USE WHEN THE AIR VOLUME CANNOT BE ALTERED

• BEST IF WASTE HEAT IS USED

• POTENTIAL FOR INCREASED FAN & REHEAT ENERGY



55ᵒF/90%

90ᵒF/72ᵒF

75ᵒF/53%

345 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

1475 cfm 
RA @ 

75ᵒFDB/
53%

1820 cfm 
MA @ 

77.8ᵒFDB/
65.2ᵒF WB

Coil Performance Line

67ᵒF
Reheat



55ᵒF/90%

90ᵒF/72ᵒF

75ᵒF/53%

345 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

1475 cfm 
RA @ 

75ᵒFDB/
53%

1820 cfm 
MA @ 

77.8ᵒFDB/
65.2ᵒF WB

Coil Performance Line

67ᵒF
Reheat

75ᵒF/49%
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SOLUTIONS

• DEPENDS ON THE SYSTEM TYPE, APPLICATION, AND PRIORITIES

• REHEAT

• FACE AND BYPASS COILS

• CONFIRM UNIT ABILITY

• MAINTAIN AIRFLOW VOLUME
RA

BYPASS

SA

C
LG

 C
O

IL

75˚F

75˚F

55˚F

67˚F



55ᵒF/90%

90ᵒF/72ᵒF

75ᵒF/53%

345 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

1475 cfm 
RA @ 

75ᵒFDB/
53%

1820 cfm 
MA @ 

77.8ᵒFDB/
65.2ᵒF WB

Mixing of Airstreams

67ᵒF

SA



SOLUTIONS

• DEPENDS ON THE SYSTEM TYPE, APPLICATION, AND PRIORITIES

• REHEAT

• FACE AND BYPASS COILS

• MULTIPLE UNITS OR STAGED/MODULATING COMPRESSORS



ENERGY RECOVERY



4.5 tons 7.8 tons

9.9 tons

Why use energy recovery?
▪Reduce OA load

▪W/out energy recovery 

the coil load is 7.8 tons

▪1095 cfm OA

▪1820 cfm SA 

▪60% OA 



9.9 tons

82.5˚F

Assuming an effectiveness of 50% 

(sensible and latent same performance)

1095 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

725 cfm 
RA @ 

75ᵒFDB/
58%

1820 cfm 
MA @ 

79.5ᵒFDB/
67ᵒF WB

1095 cfm 
OA @ 

82.5ᵒF DB/
68.8ᵒF WB

4.5 tons 6.2 tons

75

OA90˚F

75˚F82.5˚F

Pre-conditioned OA
82.5˚F

EA EA

W
H

E
E
L



9.9 tons

75

OA90˚F

75˚F82.5˚F

Pre-conditioned OA
82.5˚F

EA EA

W
H

E
E
L

6.2 tons vs 7.8 tons = 20% savings in capacity

1095 cfm 
OA @ 

90ᵒF DB/
72ᵒF WB

725 cfm 
RA @ 

75ᵒFDB/
58%

1820 cfm 
MA @ 

79.5ᵒFDB/
67ᵒF WB

1095 cfm 
OA @ 

82.5ᵒF DB/
68.8ᵒF WB

6.2 tons

7.8 tons

4.5 tons



CONDENSATION



Will condensation 

form on a SA duct 

carrying 55˚F if routed 

in the conditioned 

space w/out 

insulation?

55ᵒF/90%

75ᵒF/58%



55ᵒF/90%

75ᵒF/58%

The ambient temperature sets the dew point.  

Dew point at 75˚F/58% RH = 59˚F

55˚F < 59˚F → condensation will form



QUESTIONS
JULIA KEEN

jkeen@ksu.edu


