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*  SILENCE PHONES

e 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
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VOLUNTEER!

www.ashrae.org/volunteer

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

ASHRAE Members who are active at their chapter and society become
leaders and bring information and technology back to their job.

YOU ARE NEEDED FOR:

% SOCIETY TECHNICAL COMMITTEES
% SOCIETY STANDARD COMMITTEES
s CHAPTER MEMBERSHIP PROMOTION
s+ CHAPTER RESEARCH PROMOTION
s+ CHAPTER STUDENT ACTIVITIES

%+ CHAPTER TECHNOLOGY TRANSFER

FIND YOUR PLACE IN ASHRAE AND VOLUNTEER
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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"
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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)



Dry Bulb °F (DB)

= Air temperature measured
by an ordinary thermomete




Wet Bulb °F (WB)

= Temperature of
evaporation

» Measured with @
wet wick in airstream
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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
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Humidity Ratio #,, e/ #qir (W S
= Ratio of mass of water i@ SISSSHES
vapor fo the mass of dry air p— _ s A

= Moisture content _\\\\\\ \vnim‘nln-\v‘m‘
= Also referred to as Grains
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= Surface temperature at
which condensation occur

Dew Point °F (DP)
= Surrounding aQir

conditions relative to

a surface




(h)

= Convenient sum of the
two components of the
energy balance

equation:

air

= =

\\\\_

S

+
flow-work energy

Enthalpy BTU/#
internal energy

15
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Given two pieces of e

information, a point can be > AR NN

located and other properties S5y Wet Bulb

for that point can be e ‘ . Humidity Ratio
S X
determined \\\\\\@'.
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Vertical movement = Change in moisture
oDown: Dehumidify (remove moisture)
=Decrease W (#,,qter/ #oir )
oUp: Humidify (add moisture)
sincrease W (#,qter/ #ir )
oLatent

e

&

/////l /// 7/17///////////}//////////// l///

»Decrease DB (°F)
oRight: Heat

*I[ncrease DB (°F)
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SPACE LOAD AND SPACE CONDITIONS

» Using a standard unit with a delivery air condition of 55°F /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=—¢



ASHRAE Handbook—
Fundamentals, Chapter 18

Table 1 Representative Rates at Which Heat and Moisture Are
Given Off by Human Beings in Different States of Activity

% Sensible Heat
Total Heat, Btu/h that is Radiant®

Adjusted, Sensible Latent Heat,
Degree of Activity Location Adult Male M/F2 Heat, Btu/h Btu/h Low V High vV

Seated at theater Theater 390 350 245 105 60 27

Seated, very light work Offices, hotels, 450 400 245 155
apartments

Moderately active office Offices, hotels, 475 450 250 200
work apartments

Standing, light work; Department 550 450 250 200
walking store; retail store

Walking, standing Drug store, bank 550 500 250 250
Sedentary work RestaurantS 490 550 275 275

Light bench work Factory 800 750 275 475
Moderate dancing Dance hall 900 850 305 545

Walking 3 mph; light Factory 1000 1000 375 625
machine work

Bowlingd Bowling alley 1500 1450 580 870

Heavy work Factory 1500 1450 580 870
Heavy machine work; Factory 1600 1600 635 965
lifting

Athletics Gymnasium 2000 1800 710 1090




© ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission

Table 6-1 Minimum Ventilation Rates in Breathing Zone

v
People Outdoor Area Outdoor Defalt Valoes

Air Rate R, Air Rate R, Occupant Density

cfm/ Lis , , #1000 s i os
Occupancy Category persom person cfm/ft” | L's-m™ | or #100 m~ (6.2.6.1.4)

Animal Facilities

Animal exam room (veterinary office) 0.12

Animal imaging (MRUCT/PET)

Animal operating rooms

Animal postoperative recovery room

ANSI/ASHRAE Standard 62.1-2019
Animal preparation rooms 5 § (Supersedes ANSI/ASHRAE Standard 62.1-2016)
Animal procedure room 1 Includes ANSI/ASHRAE addenda listed in Appendix O

Animal surgery scrub

Large-animal holding room ve n t i I at i o n

Necropsy

Small-ammal-cage room (stanc cages) 2 fo r AC c e ptab Ie

Small-animal-cage room (ventlated cages)

— - Indoor Air Quality

Booking waiting

Cell

Dayroom

Guard statioas

Educational Facilities

See Appendix O for approval dates by ASHRAE and the American National Standards Institure.
A classroom 1 - 09

- This Standard is under continuous maintenance by a Stnding Standard Project Committee (S5PC) for which the Standards
Classrooms (ages 510 §) - ; 06 c has established 3 4 program for regular publication of addenda or revisions, including procedures for
tmely, documented, consensus action on requests for change to any part of the Standard. Instructions for how to submit a
change can be found on the ASH RAE® website (www.ashrae org/continuous-maintenance).

Classrooms (age 9 plus) 1 - 0.6

Computer lab ] 06 The latest adition of an ASHRAE Standard may be purchased from the ASHRAE website (www ashrae.org) or from

: ASHRAE Customer Service, 1791 Tullie Circle, NE, Adanta, GA 30329-2305. E-mail: orders@ashrae.org. Fax: 678-539-
Daycare sickroom . 09 2129, Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For reprint per-

ashi /] .
Daycare (through age 4) " 00 mission, go to www.ashrae.org/permissions.

® -
Lecture classroom 7 . 0.06 03 2019 ASHRAE ISSN 1041-2336

Lecrare hall (fixed seats) 75 0.06 03 j"‘wmm%
Libraries 0.12 0.6

Media center 0.12 06

Multise assembly 7.5 0.06 03

N N This file is bieensed to Dennis Wessel (dwessek9@gmal.com). Download Date: 12/5/2019
Music/theater/dance 1 0.06 03 1 . Ggmal.com)

Science laboratories 5 0.18 09 2 2

3 Crepatent Sicilmes w2 which Se rates 3pply we Sescnnding bord centarns, wwyeat care centen:, seighboriood clomes and plvuacam cfficer, Class | Emging Scilitien, oxpatient
facibnen, il faczbtes, aad daza] feilises

L r L

b. The reqaiements of this table provide for accepable IAQ. The requiremants of this table do oot address the arborne mamamission of airborne viruses, bacveria, and other infectous
contagons.

Tnformative Note: Thess rates e intended caly for cutpasient deotal clizocs whare the amouns of mwons cxide is limisnd. Theyy are not ixtended for dental cperateries & instinmtiosal
buildmg: where mizous oxids is piped




Table 6-1 Minimum Ventilation Rates in Breathing Zone

Occopancy Category
Educational Facilities
Ar classroom
Classrooms (ages 5 1w 8)
Classrooms (age © phas)
Computer lab

Daycare sickroom
Daycare (through age 4)
Leacmre classroom
Lecmare hall (fixed seats)
Libraries

Media center

Multmse assembly
Music theater/dance

Science laboratories

People Outdoor Area Outdoor
Aur Rate E, Air Rate B,

cfm/ Lis
persom perion L/s-m

Defanlt Valoe:

Occupant Density

=/1000 ft* i
or #1000 m”




SPACE LOAD AND SPACE CONDITIONS

« Using a standard unit with a delivery air condition of 55°F /90%,
what room conditions can be maintained for the following space:

« 40'x50" classroom:
« Envelope = 6,500 BTUNh (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 BTUNh Latent



SPACE LOAD AND SPACE CONDITIONS

Sensible Load: 40,050 BTUh
Latent Load: 20,150 BTUh
Total Load: 60,200 BTUhN
Sensible Heat Ratio: g./g; = 40,050/60,200 = 0.665
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\ ASHRAE PSYCHROMETRIC CHART NO. 1

ASHRAE NORMAL TEMPERATURE

BAROMETRIC PRESSURE: 29.921 INCHES OF MERCURY
COPYRIGHT 1992 ASHRAE
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ASHRAE NORMAL TEMPERATURE

BAROMETRIC PRESSURE: 29.921 INCHES OF MERCURY
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REQUIRED UNIT / COIL CAPACITY

« Room load is only one element — also dependent on ventilation

» Classroom with 130 people



Table 6-1 Minimum Ventilation Rates in Breathing Zone

Occopancy Category
Educational Facilities
Ar classroom
Classrooms (ages 5 1w 8)
Classrooms (age © phas)
Computer lab

Daycare sickroom
Daycare (through age 4)
Leacmre classroom
Lecrure hall (fixed sears)
Libraries

Aledia center

Multmse assembly
Music theater/dance

Science laboratories

Defanlt Valoe:

People Outdoor Area Outdoor

Aur Rate E, Air Rate B, Occupant Density

cfm/ Lis #1000 ft*
persom perion Lis- or #100 m™

ECN N L N
EC AN X

----
0.13

(40'x50°)0.06cfm/ft2
+ (130 people)7.5ctm/person
1095 cfm outdoor air
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COIL LOAD (UNIT CAPACITY)

* Q; = 4.5 cfm Ah
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COIL LOAD (UNIT CAPACITY)
« Q=4.5cfm Ah
= 4.5 (1820)(33.8-22.3)
= 94,185 BTUh — 94,185 BTUh/12,000 = 7.8 tons
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COIL LOAD (UNIT CAPACITY)
« Q=4.5cfm Ah
= 4.5 (1820)(33.8-22.3)
= 94,185 BTUh — 94,185 BTUNh/12,000 = 7.8 tons

« Q= 1.1 cfm AT Q= 4840 cfm Aw
= 1.1 (1820)(84-55) = 4840 (1820)(0.0124-0.0084)
= 58,058 BTUN = 35,235 BTUh

|
Q= 93,293 BTUh = 7.8 tons
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SMALL CLASS SIZE

* 40'x50’ classroom (design peak — ) :
* Envelope = 6,500 BTUh
* Equipment & Lights = 1,700 BTUN

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

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



SPACE LOAD AND SPACE CONDITIONS

Sensible Load: 40,050 BTUh 15,650 BTUh

Latent Load: 20,150 BTUh 4,650 BTUh

Total Load: 60,200 BTUhN 20,200 BTUN

Sensible Heat Ratio:  qs/g; = 40,050/60,200 = 0.665
15,550/20,200 = 0.77
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Table 6-1 Minimum Ventilation Rates in Breathing Zone

Occopancy Category
Educational Facilities
Art classroom
Classrooms (ages 5w £)
Classrooms (age @ plus)
Computer lab

Daycare sickroom

Daycare (through age 4)

People Outdoor Area Outdoor m

ArRued, |,

cfm/ Lis . | =000 £t ‘
persom perion Lis-m® | or #1100 m~

N R N N E N
EC R N X
EC R R
ECH ER R X E
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Lecmre hall (fixed seats)
Libraries

Media center

Multuse assembly
Music theater/dance

Science laboratories
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« Q;= 4.5 cfm Ah
= 4.5 (1820)(29.7-22.3)
= 60,606 BTUh — 60,606 BTUN/12,000 = 5.1 tons

« Q= 1.1 cfm AT Q= 4840 cfm Aw
= 1.1 (1820)(77.8-55) = 4840 (1820)(0.0102-0.0084)
= 45,645 BTUh = 15,856 BTUh

Q;= 61,500 BTUh = 5.1 tons



UNIT SIZE IMPACT ON PERFORMANCE

e 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

e 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

e 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

e NOT ALL EQUIPMENT/LIGHTS ON



UNIT SIZE IMPACT ON PERFORMANCE

e UNIT CAPACITY SELECTED @ PEAK = 8 TONS
* A SIGNIFICANT PORTION OF THE TIME THE FULL 8 TONS IS NOT NEEDED

* LESS PEOPLE

* LOWER OA TEMPERATURES WHAT CAN WE DO?
* LESS SOLAR LOAD

 NOT ALL EQUIPMENT/LIGHTS ON



UNIT SIZE IMPACT ON PERFORMANCE

q. = 1.1 CFM AT

« Peak Load: 40,050 = 1.1 CFM (75-55) — 1820 cfm

« Reduced Sensible Load:

« Reduced load, change AT or change airflow?
Option 1: Keep air flow = 1820 cfm;
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e \ % ThIS will conirol temperature
= =icERERE (sensible load)
me==== T 67°|= e INADEQUATE moisture

BES \\\"\"\""“Q”\‘\[ D= remc:vql (latent load)!
5 0

S, University of Idaho



UNIT SIZE IMPACT ON PERFORMANCE

. = 1.1 CFM AT

« Peak Load: 40,050 = 1.1 CFM (75-55) — 1820 cfm
 Reduced Sensible Load: 15,550 BTUh (fewer people)
 Reduced load, change AT or change airflow?e
Option 1: Keep air flow = 1820 cfm; Increase SA temp to 67°F
Option 2: Keep AT = 20°F; Reduce airflow = 705 cfm

Need to ensure adequate ventilation &
space pressure




SOLUTIONS

* DEPENDS ON THE SYSTEM TYPE, APPLICATION, AND PRIORITIES
* REHEAT
e USE WHEN THE AIR VOLUME CANNOT BE ALTERED
* BEST IF WASTE HEAT IS USED
* POTENTIAL FOR INCREASED FAN & REHEAT ENERGY
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SOLUTIONS

 DEPENDS ON THE SYSTEM TYPE, APPLICATION, AND PRIORITIES
* REHEAT
* FACE AND BYPASS COILS
* CONFIRM UNIT ABILITY
* MAINTAIN AIRFLOW VOLUME
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SOLUTIONS

e DEPENDS ON THE SYSTEM TYPE, APPLICATION, AND PRIORITIES
* REHEAT
e FACE AND BYPASS COILS
e MULTIPLE UNITS OR STAGED/MODULATING COMPRESSORS
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Why use energy recovery?
» Reduce OA load

= W/out energy recovery
the coll load is 7.8 tons

= 1095 cfm OA

= 1820 cfm SA
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Assuming an effectiveness of 50%
(sensible and latent same performance)




Pre-conditioned OA
82.5°F p
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Will condensation
form on a SA duct
carrying 55°F if routed
in the conditioned

insulation?
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The ambient temperature sets the dew point.
Dew point at 75°F/58% RH = 59°F
55°F < 59°F — condensation will form

v
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QUESTIONS

JULIA KEEN
jkeen@ksu.edu



