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THERMAL LOADS

Outdoor air introduced into a building constitutes a large part of
the total space-conditioning (heating, cooling, humidification, and
dehumidification) load, which is one reason to limit air exchange
rates in buildings to the minimum required. Air exchange typically
represents 20 to 50% of a building’s thermal load. Chapters 17 and
18 cover thermal loads in more detail.

Air exchange increases a building’s thermal load in several ways.
First, incoming air must be heated or cooled from the outdoor air
temperature to the indoor or supply air temperature. The rate of
energy consumption by this sensible heating or cooling is given by

TP 4y = 600pc, AT > (33)

?5 Cf/_s—{?}o/ L
<, gadrt

ﬁ[ -5 ’I'C{L
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where @ES -1.Q 8>LC£—WD( | /

g, = sensible heat load, Btu/h \ i
Q = airflow rate, cfm ﬁflﬁ/ \f\\\(

p = air density, Ib/ft? (about 0.075 at or near sea level)
c,, = specific heat of air, Btu/lb-°F (about 0.24)

AT = temperature difference between indoors and outdoors, °F

and at or near sea-level air density, with an adjustment for typical
room air humidity, this equation is commonly presented for design
use as

Equation (33) is known as the sensible heat equation. HVAC
designers typically assume sea-level air pressure for locations with
altitudes of 2000 fi or lower. A method to adjust for elevation is pro-
vided in Chapter 18.
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Air exchange increases|a building’s thermal load 1n three ways.
First,|the incoming air must be heated or cooled from the outdoor air

temperature to the indoor or supply air temperature. The rate of
energy consumption due to this sensible heating or cooling 1s given

Y gy

g, = Qpc,At = 1200QAs {26;;?
where L TR
D) oo WV ( ’?70/5)%/A

q, = sensible heat load, W ?5 z \
= airflow rate, m>/s o)
_ o ¥ 3 _ )9

p = air density, kg/m- (about 1.2)  —

= specific heat of air, J/(kg-K) (about 1000)

At = temperature difference between indoors and outdoors, K

O
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Air exchange also modifies the moisture content of the air in a

building. The rate of energy consumption associated with these

latent loads (neglecting the ene%y associated with any mndensate)
y WJ = 'V\ﬂs

1s gtven by —- r/“ _ 15_4)30/4
P g, = 600pAW(1061 + 0.444T) (35)
?LZZ{.?LM ;acguwwk A.u_)x\j \\O/ C)//f’
where i)\ o e X0 = N y

w/
= latent heat load, Btu/h G‘f - 0.6 K ref—rb ?5\(/ o

,&H« = humidity ratio difference between indoors and outdoors,
Ib,, water/lb,, dry air "S- STLIING
I' = average of indoor and outdoor temperatures, “F
Equation (35) 1s known as the latent heat equation. When at or

near sea level, and for common comfort air temperatures, the right-
hand side of Equation (35) is approximately 4840Q&Hi\ = /

=l
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Second.

a building.

air exchange modifies the moisture content of the air in
The rate of energy consumption associated with these

latent loads (neglecting the energy associated with any condensate)

1s given by

where

g = QAW[4775 + 1.998At] (27)

g; = latent heat load, W

AW = humidity ratio difference between indoors and outdoors,
mass water/unit mass dry air (kg/kg)
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Example 1. A makeup air unit (MAU) is to condition 5000 ctm of outdoor
air in the winter for a building in Atlanta, Georgia. If the air 1s to be
delivered directly to the occupied spaces at 75°F and 30% rh, how
much sensible and latent heat must be added to this ventilation air at
winter design conditions?

Solution: From the weather data tables provided on the CD included
with this is volume, Atlanta 1s at an elevation of about 1000 ft. Because
this 1s below the rule-of-thumb cutoff of 2000 ft for assuming sea-level
conditions, air density is assumed to be 0.075 b, /ft>. Also from the At-
lanta data table,|[the winter 99% design dry-bulb (db) temperature |is
26.4°F, but a mean coincident wet bulb is not provided. However, for
humidification design, a dew-point temperature of 9.1°F 1s given
along with its 32.2°F mean coincident dry bulb (MCDB). Using these
data, a 1°F dew point is assumed as the 99% mean coincident dew point.

From ASHRAE’s sea-level psychrometric chart and the winter
design conditions, the desired humidity ratio W of the 75°F, 30% rh
makeup air 1s about 0.0056 lIb_w/lb_da. For the very dry outdoor air,
with a dew point of 1°F, a problem occurs: the standard sea-level psy-
chrometric chart does not extend below 32°F. Designers often assume
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that air below this temperature has W = 0, and this assumption gives
conservative results. However, both high- and low-temperature psy-
chrometric charts are available from ASHRAE, as is a table of moist air
properties at standard conditions in Chapter 1. From this table, satu-
rated air at 1°F, which 1s also i1ts dew point, has a humidity ratio of
0.0008298 Ib,,w/lb_da. With 5000 cfm of outdoor air to be condi-
tioned, and using the sensible and latent heat equations for sea level, the
energy needed to condition this outdoor air is

.~ LIOAT = 1.1 x 5000 cfm(75 — 26.4°F)
= 267,300 Btw/h

and

q; = *8400AT = 4840 x 5000 cfm(0.0056 — 0.0008298 1b,w/lb,,da)
= 115,439 Btu/h = 115,000 Btu/h

Thus, the MAU’s heating coil and humidifier, neglecting fan heat, need
to be sized to provide at least a net 267,300 Btu/h of sensible heat, and
115,000 Btu/h of latent heat. Humidification can be provided by cold
water, warm water, or steam, so a more precise psychrometric analysis
is needed to size the heating coil correctly after the humidification
method is selected and it is decided whether the humidifier will be
placed before or after the heating coil.

AR
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Table 1 Continuous Exhaust Airflow Rates A') m)x A
n e X
Application Airflow Rate Notes C(’p ™ Z ﬁfg Act!
Kitchen 5 ach Based on kitchen volume “
Utility room, bathroom, toilet, 20 cfim Not less than 2 ach _ _
lavatory Vifes = "\/Cfmq’) K3S 5
Table 2 Intermittent Exhaust Airflow Rates COQ m=z0.58Y q,f
«’(/
Application Airflow Rate Notes hr
L4 7N
Kitchen 100 cfm  Vented range hood =0-6x " \\'s
required if less than 5 ach
Utility room, bathroom, toilet, 50 cfm Not less than 2 ach M} = | ﬂi X CJinM
lavatory

Table 3 Total Ventilation Air Requirements

Area Based Occupancy Based
1 ¢fm/100 fi2 of floor 7.5 cfm per person, based on normal occupancy
space

minimum rates can be provided by operable exterior openings such
as doors and windows.

V'Y




Table 3 Continuous Exhaust Airflow Rates
Application Continuous Flow Notes
Kitchen 5 ACH Based on kitchen volume
Utility room 10 L/s Not less than 2 room air changes per hour
Bathroom 10 L/s
Toilet 10 L/s
Table 4 Intermittent Exhaust Airflow Rates

Application Continuous Flow Notes

Kitchen 50 L/s Vented range hood required if less than 5
kitchen air changes per hour
Utility room 25LJs Not less than 2 room air changes per hour
Bathroom 25 L/s 5L |
Toilet 25 L/s e
~
Table 5 Total Ventilation Air Requirements

Area Based

Occupancy Based

0.10 L/s per square metre of

floor space

8 L/s per person, based on normal
occupancy

'Y




both cooling and heating loads. Refer to Chapter 16 for a detailed
discussion of residential air leakage. The simplified residential
models found in that chapter can be used to calculate infiltration
rates for load calculations. Infiltration should be evaluated for the
entire building, not individual rooms or zones.

Natural infiltration leakage rates are modified by mechanical
pressurization caused by unbalanced ventilation or duct leakage.
These effects are discussed in the section on Combined Ventilation
and Infiltration Airflow.

Leakage rate. Air leakage rates are specified either as airflow

rate Q,, or air exchanges per hour (ACH), related as follows: % LJD (}QJ )QJ )])51
0, = ACH(F/60) (6} (\7

‘ oA P\C'\\ 600, kv
’\)‘f(w’lj/\c( W-:,\’ (“w\}* ACH = a Q_’ (\f(m)/'\l,ms xACH

)f ﬂhltt ation. Infiltration is generally a significant component of
\

where g e
O, = infiltration airflow rate, cfm C 6_ o
ACH = air exchange rate, changes’h (/

V' = building volume, ft? v C%q /E KTL%J KA CH_

Infiltration airflow rate depends on two factors: ~ e Q o

* Building effective|leakage area|(envelope leaks plus other air
leakage paths, notably flues) and its distribution among ceilings,
walls, floors, and flues.

* Driving pressure caused by buoyancy|(stack effect) and wind.

V¢




TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

Default Values

People Outdoor Area Outdoor
Oceupancy Air Rate Air Rate Occupant Density  Combined Outdoor Air
. P: : RP R, Notes (see Note 4) Air Rate (see Note 5) .
Category Class
2
cfm/person L/s'person cfm/ft?  L/s'm? Dﬁf;ﬂﬂﬂﬂﬂf:ﬂg cfm/person L/s'person

Correctional Facilities

Cell 5 2.5 0.12 0.6 25 10 49 2
Dayroom 5 2.5 0.06 0.3 30 7 3.5 1
Guard stations 5 2.5 0.06 0.3 15 9 4.5 I
Booking/waiting 1.5 3.8 0.06 0.3 50 9 44 2
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Educational Facilities
Daycare (through age 4)
Daycare sickroom
Classrooms (ages 5—8)
Classrooms (age 9 plus)
Lecture classroom
Lecture hall (fixed seats)
Art classroom

Science laboratories

University/college
laboratories

Wood/metal shop
Computer lab
Media center
Music/theater/dance

Multi-use assembly

10

10
10
10
10
1.5

th Lh h n

3.8

o Lh L Lh

3.8

0.18
0.18
0.12
0.12
0.06
0.06
0.18
0.18

0.18

0.18
0.12
0.12
0.06
0.06

0.9
0.9
0.6
0.6
0.3
0.3
0.9
0.9

0.9

0.9
0.6
0.6
0.3
0.3

25
25
25
35
635
150
20
25

25

20
25
25
35
100

17
17
15
13

19
17

17

19
15
15
12

8.6
8.6
74
6.7
43
4.0
9.5
8.6

8.6

9.5
74
7.4
5.9
4.1

1




Food and Beverage Service

Restaurant dining rooms 1.5 3.8 0.18 0.9 70 10 5.1 2
Cafeteria/fast-food dining 1.5 3.8 0.18 0.9 100 9 4.7 2
Bars, cocktail lounges 1.5 3.8 0.18 0.9 100 9 4.7 2
General

Break rooms 5 2.5 0.06 0.3 25 10 5.1 1
Coffee stations 5 2.5 0.06 0.3 20 11 5.5 1
Conference/meeting 5 2.5 0.06 0.3 50 6 3.1 1
Corridors — — 0.06 0.3 — 1
Storage rooms - — 0.12 0.6 - 1
Hotels, Motels, Resorts, Dormitories

Bedroom/living room 5 2.5 0.06 0.3 10 11 1
Barracks sleeping areas 5 2.5 0.06 0.3 20 8 4.0 1
Laundry rooms, central 5 2.5 0.12 0.6 10 17 8.5 2
]Ji‘:;ﬁ% . within 5 2.5 012 06 10 17 8.5 1
Lobbies/prefunction 1.5 3.8 0.06 0.3 30 10 4.8 1
Multipurpose assembly 5 2.5 0.06 0.3 120 6 2.8 1

ARY




TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE (continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

Default Values

People Outdoor Area Outdoor
Oceunancy Air Rate Air Rate Occupant Density  Combined Outdoor Air
. p? * RP R, Notes (see Note 4) Air Rate (see Note 5) .
Category Class
2
cfm/person L/s-person efm/ft?  L/s'm? ofil#,?lﬂﬁﬂﬂt;z cfm/person L/s-person

Office Buildings

Office space 5 2.5 0.06 0.3 3 17 8.5 1
Reception areas 5 2.5 0.06 0.3 30 7 3.5 1
Telephone/data entry 5 2.5 0.06 0.3 60 b 3.0 1
Main entry lobbies 5 2.5 0.06 0.3 10 11 5.5 1
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Miscellaneous Spaces

Bank vaults/safe deposit 5 2.5 0.06 0.3 5 17 8.5 2
Computer (not printing) 3 2.5 0.06 0.3 - 20 10.0 1
Ejzf]i;ical equipment B B 0.06 03 B !
Elevator machine rooms — — 0.12 0.6 — |
Pharmacy (prep. area) 5 2.5 0.18 0.9 10 23 11.5 2
Photo studios 5 2.5 0.12 0.6 10 17 8.5 1
Shipping/receiving - - 0.12 0.6 — 1
Telephone closets — - 0.00 0.0 — 1
Transportation waiting 1.5 18 0.06 0.3 100 8 4.1 1
Warehouses — — 0.06 0.3 — 2
Public Assembly Spaces

Auditorium seating area 5 2.5 0.06 0.3 150 5 2.7 1
Eff;fi;'f religious 5 25 006 03 120 6 28 I
Courtrooms 3 25 0.06 0.3 70 6 29 1
Legislative chambers 5 2.5 0.06 0.3 50 6 31 1
Libraries 5 25 0.12 0.6 10 17 8.5 1
Lobbies 5 2.5 0.06 0.3 150 5 2.7 1
Museums (children’s) 7.5 38 0.12 0.6 40 11 3.3 1
Museums/galleries 7.5 38 0.06 0.3 40 9 4.6 1

14
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Residential

Dwelling unit 5 2.5 0.06 0.3 F.G F |
Common corridors - - 0.06 0.3 1
Retail

Sales (except as below) 7.5 38 0.12 0.6 15 16 7.8 2
Mall common areas 1.5 3.8 0.06 0.3 40 9 4.6 1
Barbershop 1.5 38 0.06 0.3 25 10 5.0 2
Beauty and nail salons 20 10 0.12 0.6 25 25 12.4 2
Pet shops (animal areas) 7.5 3.8 0.18 0.9 10 26 12.8 2
Supermarket 7.5 3.8 0.06 0.3 8 15 1.6 1
Coin-operated laundries 7.5 38 0.06 0.3 20 11 5.3 2

ANSI/ASHRAE Standard 62.1-2007




TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE (continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

Default Values

People Outdoor Area Outdoor
Occupancy Air Rate Air Rate Occupant Density  Combined Outdoor Air
. P ) Rp R, Notes {see Note 4) Air Rate (see Note 5) )
Category Class
% 2
cfm/person L/s-person cfm/ft?  Lism? ﬂ:fl?][:;:}f:nz cfm/person L/s-person

Sports and Entertainment

Sports arena (play area) - - 0.30 1.5 E - 1
Gym, stadium (play area) - - 0.30 1.5 30 2
Spectator areas 7.5 38 0.06 0.3 150 8 4.0 1
Swimming (pool & deck) - - 0.48 24 C - 2
Disco/dance floors 20 10 0.06 0.3 100 21 10.3 1
Health club/aerobics 20 10 006 03 40 22 10.8 2
room

Health club/weight rooms 20 10 0.06 3 10 26 13.0 2
Bowling alley (seating) 10 5 0.12 0.6 40 13 6.5 1
Gambling casinos 7.5 38 0.18 0.9 120 9 4.6 1
(Game arcades 7.5 38 0.18 0.9 20 17 8.3 1

Stages, studios 10 5 0.06 3 D 70 11 54 1
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GENERAL NOTES FOR TABLE 6-1

1
2

LF [ =

=8
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Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.

Smoking: This table applies to no-smoking areas. Rates for smoking-permitted spaces must be determined using other methods. See Section 6.2.9 for ventilation requirements
in smoking areas. X X

Air density: Volumetric airflow rates are based on an air density of 0.075 Iby,/ft” (1.2 kgg,/m™), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and
an air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

Default occupant density: The default occupant density shall be used when actual occupant density is not known.

Default combined outdoor air rate (per person): This rate is based on the default occupant density.

Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of
occupant density, activities and building construction shall be used.

Health-care facilities: Rates shall be determined in accordance with Appendix E.

ITEM-SPECIFIC NOTES FOR TABLE 6-1

A
B
C
D
E
F
G

For high school and college libraries, use values shown for Public Assembly Spaces—Libraries.

Rate may not be sufficient when stored materials include those having potentially harmful emissions.

Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture.

Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

When combustion equipment is intended to be used on the playing surface, additional dilution ventilation and/or source control shall be provided.
Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.
Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

Yy
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6.2.8 Exhaust Ventilation. Exhaust airflow shall be pro-

vided in accordance with the requirements in Table 6-4.
Exhaust makeup air may be any combination of outdoor air,
recirculated air, and transfer air.

6.2.9 Ventilation in Smoking Areas. Smoking areas
shall have more ventilation and/or air cleaning than compara-
ble no-smoking areas. Specific ventilation rate requirements
cannot be determined until cognizant authorities determine
the concentration of smoke that achieves an acceptable level
of risk. Air from smoking areas shall not be recirculated or
transferred to no-smoking areas.

6.3 Indoor Air Quality (IAQ) Procedure. The Indoor Air
Quality (IAQ) Procedure is a performance-based design
approach in which the building and its ventilation system are
designed to maintain the concentrations of specific contami-
nants at or below certain limits identified during the building
design and to achieve the design target level of perceived
indoor air quality acceptability by building occupants and/or

contaminant of concern, indoor and outdoor sources shall be
identified, and the strength of each source shall be deter-
mined.

Yy
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TABLE 6-4 Minimum Exhaust Rates
Occupancy Category Exhaust Rtate. Exhaust Rzate. Notes Exhaust ]llate, Exhaust I}ate. Air
cfm/unit cfm/ft L/s-unit L/s'm Class
Arenas - 0.50 B — - 1
Art classrooms — 0.70 — 3.5 2
Auto repair rooms - 1.50 A - 7.5 2
Barber shops - 0.50 - 2.5 2
Beauty and nail salons - 0.60 - 3.0 2
Cells with toilet - 1.00 - 5.0 2
Copy, printing rooms - 0.50 - 2.5 2
Darkrooms — 1.00 — 5.0 2
Educational science laboratories - 1.00 — 5.0 2
Janitor closets, trash rooms, recycling — 1.00 — 5.0 3
Kitchenettes — 0.30 — 1.5 2
Kitchens—commercial — 0.70 — 3.5 2
Locker/dressing rooms - 0.25 - 1.25 2
Locker rooms — 0.50 — 2.5 2
Paint spray booths — — F — — 4
Parking garages — 0.75 C — 3.7 2

Y¢
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Parking garages - 0.75 C — 3.7 2
Pet shops (animal areas) - 0.90 — 4.5 2
Refrigerating machinery rooms - - F - — 3
Residential kitchens 50/100 — G 25/50 — 2
Soiled laundry storage rooms - 1.00 F — 5.0 3
Storage rooms, chemical - 1.50 F — 1.5 4
Toilets—private 25/50 - E 12.5/25 - 2
Toilets—public 50/70 - D 25/35 — 2
Woodwork shop/classrooms - 0.50 — 2.5 2

A Stands where engines are run shall have exhaust systems that directly connect to the engine exhaust and prevent escape of fumes.

B When combustion equipment is intended to be used on the playing surface additional dilution ventilation and/or source control shall be provided.

C  Exhaust not required if two or more sides comprise walls that are at least 50% open to the outside.

D Rate is per water closet and/or urinal. Provide the higher rate where periods of heavy use are expected to occur, e.g., toilets in theatres, schools, and sports facilities. The lower
rate may be used otherwise.

Rate 1s for a toilet room intended to be occupied by one person at a time. For continuous system operation during normal hours of use, the lower rate may be used. Otherwise
use the higher rate.

F  See other applicable standards for exhaust rate.

G For continuous system operation, the lower rate may be used. Otherwise use the higher rate.

m
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6.3.1.4 Design Approaches. Select one or a combina-
tion of the following design approaches to determine mini-
mum space and system outdoor airflow rates and all other
design parameters deemed relevant (e.g., air-cleaning effi-
ciencies and supply airflow rates).

a. Mass balance analysis. The steady-state equations in
Appendix D, which describe the impact of air cleaning on
outdoor air and recirculation rates, may be used as part of
a mass balance analysis for ventilation systems serving a
single space.

b. Design approaches that have proved successful in similar
buildings.

c. Approaches validated by contaminant monitoring and
subjective occupant evaluations in the completed build-
ing. An acceptable approach to subjective evaluation is
presented in Appendix B, which may be used to validate
the acceptability of perceived air quality in the completed
building.

d. Application of one of the preceding design approaches (a,
b, or ¢) to specific contaminants and the use of the Venti-
lation Rate Procedure to address the general aspects of
indoor air quality in the space being designed. In this situ-
ation, the Ventilation Rate Procedure would be used to
determine the design ventilation rate of the space and the
IA(Q) Procedure would be used to address the control of
the specific contaminants through air cleaning or some
other means.

A\l




TABLE 8-1 Minimum Maintenance Activity and Frequency
Item "“.m“}. Minimum Frequency
Code
Filters and air-cleaning devices A According to O&M Manual
Outdoor air dampers and actuators B Every three months or in accordance with O&M Manual
Humidifiers C Every three months of use or in accordance with O&M Manual
o . . Regularly when it is likely that dehumidification occurs but
Dehumidification coils D no less than once per year or as specified in the O&M Manual
Dra.m pans ?"d. other adjacent surfaces D Once per year during cooling season or as specified in the O&M Manual
subject to wetting
Dl.moc.'r ?Ir intake Iouve.rs, bird screens, E Every six months or as specified in the O&M Manual
mist eliminators, and adjacent areas
Setn%ms used for d}rpamm F Every six months or periodically in accordance with O&M Manual
minimum outdoor air control
Air-handling systems except for units e
under 2000 cfm (1000 L/s) G Once every five years
Cooling towers H In accordance with O&M Manual or treatment system provider
Floor drains located I." plenums or I Periodically according to O&M Manual
rooms that serve as air plenums
Equipment/component accessibility J
Visible microbial contamination K
Water intrusion or accumulation K

Yv
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. ____________________________________________________________________________________________________________________________________]
ACTIVITY CODE:

Maintain according to O&M Manual.

Visually inspect or remotely monitor for proper function.

Clean and mamtain to limit fouling and microbial growth.

Visually mspect for cleanliness and microbial growth and clean when fouling 1s observed.

Visually inspect for cleanliness and integrity and clean when necessary.

Verify accuracy and recalibrate or replace as necessary.

Measure minimum quantity of outdoor air. If measured minimum airflow rates are less than 90% of the minimum outdoor air rate in the O&M Manual, they shall be adjusted or

modified to bring them above 90% or shall be evaluated to determine if the measured rates are in conformance with this standard.

Treat to limit the growth of microbiological contaminants.

Maintain to prevent transport of contaminants from the floor drain to the plenum.

Keep clear the space provided for routine maimtenance and inspection around ventilation equipment.

Investigate and rectify.

[y e I e B v I e T o = -

s e = =

* Minimum frequencies may be increased or decreased if indicated in the O&M Manual.

YA




TABLE B-1 Comparison of Regulations and Guidelines Pertinent to Indoor Environments®
(The user of any value in this table should take into account the purpose far which it was adopted and the means by which it was developed.)

Non-Enforced Guidelines and Reference Levels

Enforceable and/or Regulatory Levels
ACGIH (Ref. B-1)

NAAQS/EPA (Ref. B-4) OSHA (Ref. B-5)  MAK (Ref. B-2) | Canadian (Ref. B-8) WHO/Europe (Ref. B-11) NIOSH (Ref. B-13)
- 5000 ppm R 5000 ppm 5000 ppm
Carbon dioxide 3000 ppm 10,000 ppm [1 h] 3300 ppm [L] 30,000 ppm [15 min] 30,000 ppm [15 min]
90 ppm [ 15 min]
. 9 ppm & < 30 ppm Il ppm [8 h] 50 ppm [30 min] 35 ppm a
Carbon monoxide 35 ppm [1 h] 8 30 ppm 60 ppm [30 min] 25 ppm [1 h] 25 ppm [1 h] 200 ppm [C] 23 ppm
10 ppm [8 h]
. h 0.75 ppm 0.3 ppm 0.1 ppm [L] 0.1 111g.-'m3 (0.081 ppm) [30 0.016 ppm
Formaldehyde 2 ppm [15 min] | ppm' 0.05 ppm [L] b min]P 0.1 ppm [15 min] 0.3 ppm [C]
3
P 5 3 0.1 mg/m C e s P PR s i
Lead 1.5 pg/m” [3 months] 0.05 mg/m I mg:,mJ [30 min] Minimize exposure 0.5 pg/m” [ 1 yr] 0.050 mg/m 0.05 mg/m
. o 5 ppm 0.05 ppm 0.1 ppm[1 h] . 3 ppm
.I;
Nitrogen dioxide 0.05 ppm [1 yr] 3 ppm [C] 10 ppm [5 min] 0.25 ppm [1 h] 0.02 ppm [1 yr] L ppm [15 min] 5 ppm [ 15 min]
0.05 |J]Jm"'L
0.12 ppm [1 h]# . 0.064 ppm 0.08 ]:rpm1
Ozone 0.08 ppm 0.1 ppm j 0.12 ppm [1 k] (120 ug.-"1113] [8 h] 0.1 ppm [C] 0.1 ppm™
0.2 ppm"
Particles® 15 pg/m’[1 yr]° .3 N 0.1 mg/m’ [1 h] 3
<25 um MMAD? 65 |.1g,-"m3 [24 h]° 5 mg/m 1.5 mg/m~ for <4 pm 0.040 mg,-"m3 L] 3 mg/m- [C]
Particles® 50 pg/m’[1 yr]° a3 3
<10 pm MMAD! 150 pg/m’ [24 h]° 4 mg/m 10 mg/m™[C]
Radon 800 E‘n:[.-'m3 [1 yr]
5 H 9
Sulfur dioxide {Iﬂiaj PI:TT‘-[EH;F]]g 5 ppm {: pfnnll D-JSD%IJII;I [Srﬂlm] 0.048 ppm [24 h] 5 rfl]EFl’?m[n] 3 |;| F[’Iljl_‘;lmin]
-15 ppm |- pp PP UL pp 0.012 ppm [1 yr] pp pp
Total Particles® 15 mg.-'m'1L
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Numbers in brackets | | refer to either a ceiling or to averaging times of less than or greater than eight hours {min = minutes; h = hours; y = year; C = ceiling, L = long-term). Where no time is specified, the averaging time is eight hours.

Target level is 0.05 ppm because of its potential carcinogenic effects. Total aldehydes limited to 1 ppm. Although the epidemiclogical studies conducted to date provide little convincing evidence that formaldehyde 1s carcinogenic in human populations,
because of this potential, indoor levels should be reduced as much as possible.

As one example regarding the use of values in this table, readers should consider the applicability of carbon monoxide concentrations. The concenirations considered acceptable for nonindustrial, as opposed to industrial, exposure are substantially
lower. These lower concentrations (in other words, the ambient air quality standards, which are required to consider populations at highest risk) are set to protect the most sensitive subpopulation, individuals with pre-existing heart conditions.
MMAD = mass median acrodynamic diameter in microns {micrometers). Less than 3.0 pm is considered respirable; less than 10 pm is considered inhalable.

Muisance particles not otherwise classified (PNOC), not known to contain significant amounts of asbestos, lead, crystalline silica, known carcinogens, or other particles known to cause significant adverse health effects.

See Table B-2 for the U.S. EPA guideline.

Mot to be exceeded more than once per year.

The U_S. Department of Housing and Urban Dievelopment adopted regulations concemning formaldehyde emissions from plywood and particleboard imtended to limit the airbome concentration of formaldehyde in manufactured homes to 0.4 ppm.
{24 CFR Part 3280, HUD Manufactured Home Construction and Safety Standards).

Never to be exceaded.

Carcinogen, no masimum values established.

TLVE for heavy work.

TLV® for moderate work.

TLV® for light work.

TLV® for heavy, moderate, or light workloads (less than or equal to two hours).

62FR38652 - 38760, July 16, 1997,

Epidemiclogical studies suggest a causal relationship between exposure to formaldehyde and nasopharyngeal cancer, although the conclusion is tempered by the small numbers of observed and expected cases. There are also epidemiological obser-
vations of an association between relatively high cocupational exposures to formaldehyde and sinonasal cancer.
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2013 ASHRAE Handbook—Fundamentals

SUPPLY COOLING

MIXED AIR AIRFAN  COIL
(MA) (SAF) (CC)
\
OUTDOOR AIR SUPPLY AIR
(OA) — (P — Ia l|-> (SA)
FILTER HEATING COIL o, .
(F) (HC) JlLEc-oue
Tf )= ) gr\mfv‘-
RECIRCULATED AIR (CA) I
))(> U’fw‘l % - F300 U
DAMPERS (D) | 7|7 0)\,,, 9 oL
(Ul tPm o
\
EXHAUST AIR RETURN AIR
A= '6«

RETURN AIR FAN (RAF)

Fig. 2 Simple All-Air Air-Handling Unit with
Associated Airflows "




- — Air Temperature Versus Air Quantity

The traditional all-air system is typically designed to deliver
approximately 13°C supply air, for a conventional building with a
desired indoor te mperature of approximately 24°C. That supply air
temperature is commonplace because the airis low enough in abso-
lnte moisture to result in reasonable space relative humidity in con-
ventional buildings with modest latent heat loads. However, lower
supply air temperatures may be required in spaces with high latent
loads, such as gymnasinms or laundries, and higher supply air tem-
peratures can be applied selectively with cantion. Obviously, not all
buildings are conventional or tvpical, and designers are expected not
to rely on these conventions unquestioningly. Commercially avail-
able load calculation software programs, when applied correctly,
help the designer find the optimum supply air temperature for each
application.

In cold-air systems, the supply air temperature is designed sig-
nificantly lower than 13°C (perhaps as low as 7°C) in an effort to
reduce the size of ducts and fans. In establishing supply air temiper-
ature, the initial cost of lower aiflow and low air temperature
(smaller fan and duct systems) must be calculated against potential
problems of distribution, condensation, air movement, and de-
creased removal of odors and gaseous or particulate contaminants.
Terminal devices that use low-temperature air can reduce the air

YA




* All fans (supply, return, and supplemental) add heat. All of the
fan shaft power eventually converts to heat in the system, either
initially asfan losses or downstream as duct friction losses. Motor
inefliciencies are an added load if that motor is in the airstream.
W hether the fan 1s upstream of the cooling coil (blow-through) or
downstream (draw-though) affects how this load must be
accounted for. The effect of these gains can be considerable, par-
ticularly in process applications. Heat gain in medium-pressure
systems 15 about 1 K per kilopascal static pressure.
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FILTER COOLING COIL
_I'*EUPP'L"I" AlR
QUTDOQOR AIR - \{

I
I
I
¢ SUPPLY AIR FAN
RETURN A[HJ
., a/
DRAW-THRU UNIT
& /// e
- COOLING COIL
FILTER
SUTDOOR AIR @ »SUPPLY AIR

RETURN AlR

| %

I

I

t SUPFLY AR FAN
i

d‘

d\/))/ y QC;‘L’ > | BLOW-THRU UNIT

Fig.1 Typical Air-Handling Unit Conficurations
(Courtesy RUK Engineers)
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AIR DENSITY RATIO
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Air density factors for Altitude and Temperature

ki

Altitude Temperature C > 8 [ =79 JZ m
(ft.) 70 100 200 | 300 | 400 | 500 | 600 700
0 1.000| | 0964 |[i 0803 | 0697 | 0616 | 0552 | 0500 | 0457
1000 0964| | 0912 ||i 0774 | 0672 | 0594 | 0532 | 0482 | 0441
2000 0930| | 0880 ||i0.747 | 0.648 | 0573 | 0513 | 0465 | 0.425
3000 0896)| 0848 [|i 0720 | 0.624 | 0552 | 0495 | 0443 | 0410
4000 0818 [[¥0.694 | 0604 | 0532 | 0477 | 0432 | 0395
5000 0832 | 0787 ]| 0668 | 0.580 | 0513 | 0459 | 0410 | 0380
6000 0.801 |,[0.758] | 0.643 | 0558 | 0493 | 0442 | 0400 | 0366
7000 0772 | 0730 | 0620 | 0538 | 0476 | 0426 | 038 | 0353
8000 0743 | 0703 | 0596 | 0518 | 0458 | 0410 | 0372 | 0340
9000 0714 | 0676 | 0573 | 0498 | 0440 | 0394 | 0352 | 0326

10000 | 0688 | 0651 | 0552 | 0480 | 0424 | 0380 | 0344 | 0315
15000 | 0564 | 0534 | 0453 | 0393 | 0347 | 0311 | 0282 | 0258
20000 | 0460 | 0435 | 0369 | 0321 | 0283 | 0254 | 0230 | 0210
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TABLE 61 —TYPICAL BYPASS FACTORS
(Far Finnod Cdils)

DEPTH hliHTTiEﬁYS WITH SPRAYS®
OF H fins/in. | 14 hns/in. 8 finsfin. | 14 fins/in.

COILS .

- Velocity (fpmn)

(raws) 1300-706 T 300-700 | 300 700 | 300. 700
2 42 55 22 - 38
3 27 - 40 10 - 28 i

% |a9-30 | 05-a4 | a2.29 03-.10
; 12- .28 02 - 09 08 - .14 01 - 08
g 08 - .18 01-06 | 06-.11 01 - 05
. 03 - 08 02 - 05

*The bypass factor with spray-ceils is decreased because the
spray provides more surface for contacting the air.

1w 6“3})‘{ Sy pols o d (Ve ) Jyut
COIL
BYPASS TYPE OF APPLICATION EXAMPLE
FACTOR
A small total load or a load
that is somewhat larger with ,
030 t0 850 a low sensible heat factor Reuidence
(high latent load).
o Typical comfort application .
with a relatively small total Residence,
0200 0.30 | load or a low sensible heat :m"!l s
factor with a somewhat larger rﬂ" hop.
toad: actory
s licati Dept. Store,
0.10 to 0.20 | Typical comfort application. Bank, Factory
Applications with high inter-
nal sensibie loads or requiring :‘P“ o,
0.05 t0 0.10 a large amount of outdoor air Fataunm.
for ventilation. actnLy
Hospital
00010 All outdoor air applications. | Operating
Room, Factory
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1. For Room Conditions Mot Glven; The apparaotvi dewpoint may
be determined fram the scole on the chart, or moy be cakulated

as shown in the following equation:

'
14628 (Wem — Wadp)
{trm — lodp]

ESHF =

This equation.in mere familior form is:

1076 |
0.244 {ipp — Igdp) oo (Wog — W
{ - adp! T+ 7 (W e nd'pl

ESHF =

(Cont.)
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In this example, the room with the moderate cooling load is reheating its air from 55° to
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Fig. 9 Constant-Volume System with Reheat

(Courtesy RDK Engineers)
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QUICK SELECTION GUIDE < camtfil

FILTER GRADE* AIR FILTER SOLUTION = ETATRIER

. Coarse filters

Primary
Filtration

MEDIUM EFFICIENCY
COARSE FILTERS
~ EUROVENT 4/5

Air-
conditioned 'Preparatory

premises filtering
with upstream

non-specific of

HIGH EFFICIENCY
FINE FILTERS
EUROVENT 4/5
EN 779: 2002




IVIPPS (Most Penetrating Particle Size)

tertiary
or industrial
pollution
$ EU10 > 95% H10 > 85%
< "z" EU11 > 99,9% H11 >95%
Ll g
T EU12 > 99,97%
=} Euis > 99.99% H12 299,5%
=]
(r1]

H13 = 99,95% ‘ B

Final filters/ | &
Clean room
filters

EU14 = 99,999% H14 = 99,995%

VERY HIGH EFFICIENCY

Ul5 = 99,9995%

Ul6é = 99,99995%

ULPA

Ul7 > 99,999995% SRS

i
|
i
i

Filters housings, Sofdistri, FC Casings, g ) -
Type 8 filter frames etc Page 118
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' CAP'TAL Perfect Fit.

Uncommonly Fast.

Typical Coil Circuiting

Circuitry is the ratio of water inlet tubes to total number of tubes in the first row.
Note: 1 row, full-circuit coils have opposite end connections!

SINGLE SERPENTINE DOUBLE SERPENTINE HALF SERPENTINE

4 rows 8 circuits 4 rows 16 circuits 4 rows 4 circuits
8 tubes per row 4 passes 8 tubes perrow 2 passes 8 tubes perrow 8 passes

6 rows 8 circuits 6 rows 16 circuits 6 rows 4 circuits
8 tubes perrow 6 passes 8 tubes perrow 3 passes 8 tubes perrow 12 passes

opposite end connections shown

} ‘
~
-
-
-
-~
o

AN

8 rows 8 circuits 8 rows 16 circuits 8 rows 4 circuits
8 tubes perrow 8 passes 8 tubes perrow 4 passes 8 tubes perrow 16 passes

A€
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Fig.1 Water Circuit Arrangements— <
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Cominon core tube diameters vary from 8 up to 25 mm OD and
fin spacings from 1.4 to &4 mm. Fluid heating coils have a tube
spacing from 20 to 45 mm andthe tube diameter ranges from Hto 16
tim D Steam coils have a tube spacing from 30 to 72 mim and the
tube diatmeter ranges from 13 up to 25 mm OD. The most comin on
atf angetnents are one- or two-row stearn coils and two- to four-row
hot water cotls. Fins should be spaced according to the application
requiretnents, with particular attention given to any severe duty
cotditions, such as inlet temperatures and contatninants in the air-

streatr .
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2 Coil Ratings

Cotl rattngs are based on uniform face velocity, & nonuniform
airflow may be cauzed by the system | such airentenng at odd angles
of by inadvertent blocking of part of the coil face. To obtain rated
petformance, the airfl ow quantity in the field must correspondto the
design requirements and the velocity vary no greater than 20% at
any point across the codl face.

The industry accepted method of coil rating 13 outlined 1n ART
atandard 410, The test requirements for arnving at standard coil
ratings 12 specified in ASHEAE Standard 55 AREI application rat-
ings are dentved by extending the ASHEAE standard rating test
results for other operating conditions, coil sizes, row depths, and fin
count for a particular cotl design and arrangement Steam, water,
and glycol heating coils are rated within the foll swing limaits (listed
in Table 2, AET Standard 410, which may be exceeded for special
applicati ons,

Air face velocity. 1to 8 m/s, based on air density of 1.2 l-r_gfm3
Entering air temperature. >team coils —29 to 38°C
Water cotls: —18 to 35°%C
steam pressure. 15to 1700 kPa(gage) atthe cotl steam supply con-
nection (pressure drop through the steam control valve must be
considered)
Fluid temperatures. “Water: 50 to 120°C
Ethvlene glycol: Up to 93°C
Fluid velocities. ‘Water: 0.2to 2.4 m/s
Ethylene glycol: Oto 1.5 m/fs

AY
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verall Requirements

Individual installations vary widely, but the following values can
beused as a gmde. The air face velocity 15 usually between 2.5 and
S mis Delivered air temperature varies from about 22%C for venti-
lation only to about 62°Cfor complete heating. Steam pressuretyp-
ically varies from 15 to 100 kPa{gage), with 25 kPa(gage) being the
most comimon. & minimun steam pressure of 35 kPa (gage) 1s rec-
omimended for systems with entering air temperatures below freez-
ing. Hot water (or glycol) temperature for comfort heating 1s
cotntn only between 80 and 95°C, with water velocities between 1.2
and 1.5 mfs. For hightemperature water, water temperatures can
range upwards of 200°Cwath operating pressures of 100 to 170 kPa
over saturated water temperature.

Water quantity 15 usually based on about 11 K temperature drop
through the cotl. Air resistance 13 usually limited to 100 te 120 Pa
for commercial buildings and to about 220 Pa for industrial build-
ings. High-temperature water systems commonly have awater tem-
perature between 150 and 200°C, with up to 55 K drop through the
ol

Steatn coils are selected with dry steam welocities not exceeding
30 mis and with acceptable condensate loading per cotl core mbe
depending on the type of steam coil. The following table shows
some typical mamimum condensate loads.

Tuhe Outside Maximum Allbwab le Condensate Load, gis
Diameter Basic Coil Steam Disirib uting Coil
16 mm 8.6 5.0
25 mm 21.2 12.0

AA




Air resistance 13 usually limited to 100 to 150 Pa for commercial
building applications and to about 250 Pa for industrial buldings.
MNormal hot water (or glycol) quantity 12 usually based on hawving a
11 E temperature drop through the coill. High temp. water systems
comtnonly hawve supply water temperatures between 150 and
200°C, and up to 55 K water temperature drop.

Complete muxing of return and outdoor air 15 essential to the
proper operation of acoll. The design of the air mixing damper or
ductwork connection section 1s critical to the proper operation of a
system and 1ts air temperature delivery, Systems 1n which the air
passes through a fan before flowing through a coil do not ensure
proper alr mixing. Dampers located at the inlet air face of a steam
coll are preferred to be the opposing blade type. These are better
than in-line blades for controlling air volume and reducing individ-
nal blade-directed cold arstreams when modulating 1n low heat
1 ode.
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COIL SELECTION

The following tactors should be constdered in coil selection:

+ Eequired duty or capacity constdering other components

« Temperature of ar entering the coil and air temperature fse

+ Available heating media, its operating and maximum pressure(s)
and temperature(s)

+ space and dimensional limitations

« Arwolume, velocity, distnbution, and limitations

« Heatng media volume, tlow velocity, distnbution, and
limitations

+ Permisaible flow resistances for both the air and heating media

+ Characteristics of individual designs and circuit possibilities

« Individual installation requiretnents, such as the type of control
atnd materal compatibality

« specified and applicable codes and standards regulating the
design and installati on,
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Fan Curve

Power Curve

—/ﬁ

Increasing Airflow

Increasing Pressure ——=

— -

Increasing Power ——=

Figure 2-8. Backward-Inclined Fan Curve

Figure 2-7. Backward-Inclined Centrifugal Airfoil Fan
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Table 1 Types of Fans

Type Impeller Design Housing Design
P Y Blgdes _cuf airfoil eontour aurved away from Beroll design fl:ur_efficient entversion of veloclty
direction of rotation, Deep blades allow pressure to statie pressure,
5 efficient expansion withm blade passages. —= Maximum efficiency requires close clearance
= Air leaves mpeller at veloaty less than tip and alignment between wheel and mlst
- speed.
For given duty, has highest speed of centrifiugal
fan designs.
Amgle-thiclness blades curved or inelned away Uszes same housing configuration as airfol
o — from direction of rotation, design.
TEET Efficient for same reazons as airfoil fan, —
goEE
&EE°
Higher pressure characteristics than airfoil, deroll similar to and often 1dentical to other
g R”h‘ bacleward-curved, and bacloward-inelined fans, centrifiigal fan designs,
<5 Fo @ Curve may have a breale to left of pealc pressure _, Fit between wheel and inlet not as critical as for
= :’E@ Py and fan should not be operated m this area. arrfoil and baceward-melined fans,
_q? EE £, @ Power rises contmually to free delivery.
Il
3 RT
[
Flatter pressure curve and lower efficiency than deroll similar to and often 1dentical to other
the airfoil, baclward-curved, and bacloward- centrifiigal fan designs,
ol nelined, Fit between wheel and inlet not as eritical as for
% E Do not rate fan m the pressure curve dip to the arrfoil and baceward-melined fans,
=2 left of peal static pressure,
- Power rises continually toward free delmeery.




Axial Fane

Plenum and plug fans typieally use awrfoll,
bacloward inelined, or bacloward curved
impellers m a smgle mlet configuration.

Plermm and plug fans are unique in that they
operate with no housing, The equivalent of a
housing, or plenum chamber (dashed lne),

EE Eelatrre benefits of each impeller are the same depends on the application.
P as those deseribed for seroll housed fana, The components of the drive system for the plug
fan are located outside the arstrearn.
L ow efficiency. Aimple cireular ring, orifice plate, or venturi
Th O™ Limited to low-pressure applications. Optimum design 15 elose to blade tips and forme
i Usually low-cost mnpellers have two or more smooth arfoil mto wheel,
Ts.i blades of smgle thiclmess attached to relatreely —_——
ILE amall hub.
Frimary energy transfer by veloeity pressure,
Anmewhat more efficient and capable of Cylindrical tube with close clearance to blade
< A developing more useful static pressure than tipe.
.= propeller fan.
E Usually has 4 to & blades with arfoil or smgle- ——
= thiclrhess eross section,
= Hub is usually less than half the fan tip diameter.
Good blade design gives medium - to high- Cylindrical tube with close elearance to blade
T pressure capability at good efficiency. tipe.
= Mueet efficient have arfoil blades. Juide vanes upstream or downstream from
E Elades may have fixed, adjustable, or —» 1mpeller merease pressure capability and
:E’ controllable prtch, efficiency.

Hub 15 usually greater than half fan tip diameter.




Table 1 Twpes of Fans (Continued)

Performance Curves®

Performance Characteristics

Applications

PRESSURE-POWER-

EFFICIENCY

Py

Highest efficiency of all centrifugal fan designs and
peal efficiencies oceur at 5010 60% of wide-open
o lume,

Fan has a non-cverloading characteristic, which means
power reaches maximum near peal efficiency and
becomes lower, or self-limiting, toward free deliery,

(Jeneral heating, ventilating, and arr-conditicning
applications,

Usually anly applied to large systeme, which may be
low-, medmm-, or high-pressure applications,

Applied to large, clean-air industrial operaticns for
significant energy savings.

FRESSURE-POWER-

EFFICIENCY

dimnilar to arfoll fan, except peale efficiency slightly
lower,

Curved blades are slightly more efficient than straight
blades.

darne heatmg, ventilating, and air-conditioning
applications as airfoll fan,

Used m sume mdustrial applications where environment
may corrode of erode arfoll blade,

PRESSLURE-FOWER-

EFFICIENCY

Higher pressure characteristics than airfoil and
bacleward-curved fane,

Pressure may drop suddenly at left of peal pressure,
but this usually canses no problema,

Power rises continually to free delivery, which iz
an overloading characteristic,

Curved blades are slightly more efficient than straight
blades.

Primarily for materials handling m mdustrial plants,
Alsn for some high-pressure industrial requirements.

Eugged wheel 1s simple to repar m the field, Wheel
sometimes coated with special material.

Mot common for HVAC applications.

PRESSURE-POWER-

EFFICIENCY

YOLUME FLOW RATE

Pressure curve less steep than that of bacloward -curved
fans, Curve dips to left of peal pressure.

Highest efficiency occurs at 40t 30% of wide-open
o lume,

Operate fan to right of peal pressure,

Prower rizes contmually to free delivery which i3 an
overloading characteristic,

Primarily for low-pressure HVAC applications, such as
residential furnaces, central station units,
and paclcaged air conditicners,




EFFICIENCY

PRESSURE-POWER-

PRESSURE-POWER-
EFFICIENCY

Plenum and plug fans are similar to comparable housed
arrfoilfbacloward -curved fans but are generally less
efficient because of mefficient conversion of kinetie
energy m discharge air stream.

They are more suseeptible to performance degradation
caused by poor mstallation,

High flawrate, but very low pressure capabilities,
Maximum efficiency reached near free delivery.
Discharge pattern cireular and arrstream swirls.

Plenum and plug fans are used mn a variety of HVAC
applicaticns such as ar handlers, especially where
direct-drive arrangements are desirable,

Other advantages of these fans are discharge
configuraticn flexability and potential for amaller-
footprmt units,

For low-pressure, high-volume air-moving applications,
such as air eireulation m a space or ventilation through
a wall without ductworle,

Uaed for malceup ar applications,

PRESSURE-POWER-
EFFICIENCY

High flowrate, medium pressure capabilities,

Pressure curve dips to left of peal pressure. Avoid
operating fan m this region.

Discharge pattern cirenlar and airstream rotates or
swirls,

Low- and medium -pressure ducted HWVAC applications
where arr distribution downstrearn 1s not critical

Used m some industrial applicatione, such as drying
ovens, paint spray boaths, and fume exhausts,

PRESSURE-POWER-
EFFICIENCY

High-pressure characteristics with medium-volume
flow capabilities,

Pressure curve dips to left of peal pressure. Avoid
operating fan m this region.

(Juide vanes carrect cireular motion imparted by
mmpeller and mprove pressure characteristics and
gfficiency of fan.

General HWAC systems in low-, medium-, and high-
pressure applications where straight-through flow and
compact metallation are required,

Has good downstream air distribution.

UJzed n ndustrial applicaticns i place of tubeaxial
fans.

More compact than centrifugal fans for same duty.
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Fan Curve

\

Increasing Pressure ——— =

Power Curve \

Increasing Airflow ———

Increasing Power ——— o=

Airflow

Y

) U

Figure 2-12. Tubeaxial Fan Curve

Figure 2-11. Tubeaxial Fan
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Figure 2-28. Alternative Methods of Measuring Fan Pressure
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System Effect

 Effective Length
* Depends on velocity

AN
2

[ s
0

If V>2500 fpm , . -

7/ /=|'|
/ - 4




~ System Effect
* Using 60 x 30 inch duct  + Using 60 x 50 inch duct
—~@30,000CFM . | —@30,000 CFM

M e v=1440 fpm

|/ a
=
A,

. Le =10 ft. T e le=12.7ft.

— @ 50,000 CFM — @ 50,000 CFM
* V=4000 fpm * V=2400 fpm
* Le = 16 ft. e Le=13 ft.




System Effect

* |nlet boxes are not ideal
but will reduce system
effect

* Avoid




System Effect

* Non-uniform inlet flow

— Major impact on fan performance

— Creates a “new” fan curve

e Useinlet duct 3 to 8 diameters

— Depends on velocity but losses without any inlet
duct can add 3.5 inches of pressure loss
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" A
Table 2 Fan Laws

Depend ent
Law No. Variables Independent ¥ariables
la O o= Ly o= (DD )
b Py = Py x (DuDo P (Wyhy)? mips
le o= Wy ok (DYDY (R puip;
23 O = O owx (DyDE (PP (pyp)t
7b My o= My w (DyDy) (PPt (potp)tH
e W, o= W, x (DyDR (PP (pyp e
3a Moo= My x (DyD)? (000
b Pr = Py x (DD (OU0 pips
3e W= W, = (DD (000 mips

Nodes:

1. Bubscnpt 1 denetes fan under conmderation. Subscript 2 denctes tested fan,

2. For all fane laws (1):0; = (1) )2 and (Poirnt of rating )y = (Pant of rating)s.

3. Fequals either Pw’* P;,r} ol P-E.'“

4. Gee Hewden Butfale (1999 for other conmderations (e.g., cotmpressibihity e flects are
typically ignoered for fan total pressure rises of less than 2500 Fa).




Wii3L opiled 1 ¥ —HJgu>

VARIABLE CONSTANT NO LAW FORMULA
1 Capacity varies as the Speed. %‘— = -El-
Air Density : s
SPEED Fan Sixze 2 Pressure varies as the square of Pv _ (_"_‘_1_)
Distribution the Speed. P2 N,
System ,
4 Horsepower varies as the cube of Hpy _ (ﬂ)
the Speed. Hp2 N,
4 Capacity and Horsepower vary as @ _Hp _ ( D, )2
the square of the Fan Size. Q; Hpa D,
Air Density e
. Speed varies inversely as the Fan N, D>
Tip Speed 5 — = L
Size. NI D,
(] Pressure remains constant. h =P
FAN SIZE ~ Capacity varies as the cube of the Q e (_Dl_) #
Size. Qz Dz
Air Density 8 Pressure varies as the square of Py = ( ___l_)2
Speed the Size. P2 D;
9 Horsepower varies os the fifth Hpy _ (D1 )
power of the Size. E I\ Dy
Pressure a
F;::Sin i Spood., Capc;cnty ov;‘d Horsepower N, Q Hp W, \ 2
Distribution vary inversely as the souare root - i =
System of Density. 2 2 P2 1
AIR DENSITY
Capacity T Pressure and Horsepower vary as Pp = Ve W
Fan Size the Density. P2 Hpa W2
Distribution
System 12 Speed remains constant. Ny = N;
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Interior workings of an HRV
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DESIGNING THE INSTALLATION OF THE HORIZONTAL AIR
HANDLING UNIT WITH FLAT FILTER BOX AND COMBINATION COIL

1. COMPUTE THE TOTAL CFM EEQQ IRED — THE AMOUNT OF AIR SUPPLY DETERMINED BY THE USVAL
ASHRAE ME THODS AHI) LOCAL CODE REQUIREMENTS.

i CAL ~ DIVIDE THE TOTAL CFM BY DESIRED OUTLET YELOCITY

T TUSUALLY 1400 FPM), |

3. LATE T UM COIL FACE AREA -~ DIVIDE THE TOTAL CFM BY DESIRED COIL FACE YELOCITY.
THS 15 USUALLY 500 FFM AND SHOULD ROT EXCEED 550 FPM [TO AV0ID CONDENSATE CARRYOVER.

4. DETERMINE THE UNIT CONFIGURATION — INSURE UNIT WILL FIT INTO THE AVAILABLE SPACE WITH ROOM
ALL AROUND FOR MAIN TENANCE AND FILTER REMOVAL.

YV




5.

SELECT THE COIL — THE COMBINATION COIL SHOULD BE SIZED FOR THE COOLING REQUIREMENTS AND
T ¥ILL BE ADEQUATE FOR ANY NORMAL HEATING DUTY. SELECT A MANUFACTURER ARD REFER 10

THE MANUFACTURER'S PUBLISHED DATA FOR FINAL COIL SELECTION. CALCULATE CONDITIONS FOR

SCHEDULE AS FOL LOWS: b~

A. DETERMINE THE ENTERING AND LEAVING AIR CONDITIONS - DRAW THE SYSTEM CON S ON A
PSYCHOMETRIC CHART FOR EACH AIR HANDLING UNIT BY THE METHODS SET F T N THE
ASHRAE GUIDE FOR COOLING TO DETERMINE THE COIL cnnmm%s tb

AND BY 0.075 L85. PER CUBIC FOOT TO GET LBS. OF AIR PER HOUR. DETERMINE THE DIFFERENCE
OF THE TOTAL HEAT CONTENT (AR) BETWEEN THE WET BULB TEMPERATURE ENTERING THE COIL.
AND THE WET BULB TEMPERATURE LEAVING THE COIL, MULTIPLY THE LBS. OF AIR PER HOUR BY
THE AH TO OBTAIN BTU/HR CAPACITY. TO FURTHER SIMPLIFY,[BTU/HR= CFM < 4.5» AH. |

€. SET THE ENTERING AND LEAV!

IMDITIONS — WATER ¥WILL NOR-

. DETERMINE THE CHILLED WATER FLOW RATES — DIVIDE THE BTU/HR CAPACITY OF THE COIL. BY
8.33 LBS. PER GALLON TIMES 80 MIRUTES PER HOUR TIMES THE DIFFERENCE IN THE TEMPERATURE
OF THE ENTERING AND LEAV NG CHILLER WATER, (USUALLY USE 150 DEGREES F. AS THE MAX,
WATER TEMP. AND USE COMBINATION COILS THROUGHOUT THE SYSTEM.

. ROWS IN COIL — SHOULD BE LEFT TO MANUFACTURER AND PERFORMANCE AS C , D HERE N
BEFORE SPECIFIED: HOWEVER,[THE FOLLOWING RULE OF THUMB T i

[+ RUW COIL - LIGHT DOTY: 6 ROW COIL - INTERMEDIATE DUTY: AND 8 RW COII. HEA\‘"F WT‘I’. L

BUT MAY BE YARIED BY THE

Qay/)(a 23300 =

B. DETERMINE THE BTU/HR CAPACITY OF THE COIL FOR cnouss nulﬂ‘m.'r mm BY 60 ki‘l“ /MR

YYo

b

#




6. SPECIFY THE HEATING CHARACTERISTICS OF THE COIL - IT 15 YERY IMPORTANT THAYT THE MAXIMUM
WATER TEMPERATURE TO THIS COIL BE HELD YD A VALUE COMPATIBLE WITH OTHER COMPONENTS OF
THE SYSTEM. DO NOT MIX COMBINATION COILS ¥ITH OTHER COMPONENTS THAT REQUIRE A HIGHER

WATER TEMP. TO PRODUCE RATED CAPACITY. USUALLY USE 150° F. AS THE MAX. WATER TEMP. AND
USE COMBMNAT ION COILS THROUGHOUT THE SYSTEM.

A. DETERMINE ENTERING AND LEAYING AIR CONDITIONS — SINCE THE[CFM FLOW )5S SET BY THE COOL. |
ING REQUIREMENTS, TRE rt‘ﬁ“‘;‘ﬁi"nuu 'nLE c““i.cucl%ngg BY, DIVIDING THE SUM OF ROOM HEAT
LOSSES IN BTU-HR BY CFM x 1.08 x AT AIR. dffaf—e{'

\ © K < —
B. DETERMINE THE BTU-HR CAPACITY OF THE l:tllt FOR HEATING — BTU-HR CFMx 1.08x AT AIR.

C. JHE COIl. ROWS, GPM AND PRESSURE DROP WILL BE THE SAME AS FOR COOLING SINCE THIS IS A
COMBINATION COIL.

D. CALCULATE THE LEAVING HOT WATER TEMPERATURES - DIVIDE THE BTU/HR BY THE KNOWR GPM
TIMES 500 TO DETERMINE AT. SUBTRACT AY FROM ENTERING WATER TEMPERATURE TO GET LEAY.
ING WATER TEMPERATURE.

y¥1




7. DETERMINE TOTAL STATIC PRESSURE TO BE OVERCOME BY FAM.

——

| EXTERNAL STATIC PRESSURE| - DETERH]HE BY THE USUAL ASHRAE METHODS.

.| INTERNAL STATIC PRESSURE - REFER TO MANUFACTURER'S DATA OR ESTIMATE 0.2 WG PER COIL
ROW; — .15 W6 FOR FILTER (THROW AWAY).

C. TOTAL STATIC PRESSURE - SUM OF ElTEﬁHAL AND INTERNAL STATIC PRESSURES.

8. MOYOR HORSE POWER — ENTER MANUFACTURER'S DATA WITH KNOWN CFM AND TOTAL STATIC PRESSURE
10 DETERMINE WORSEPOWER OR COMPUTE BY THE FOLLOWING FORMULA: HP  CEM x 00001573 -
TOTAL STATIC PRESSURE IN INCHES WG - EFFICIENCY (USUALLY ABOUT 60%) — USE NEXT LARGEST
STANDARD MOTOR., CHECKX ¥ITH ELECTRICAL DESIGNER FOR CURRENT CHARACTERISTICS.

9. FILTERS ~ USUALLY USE THROW AWAY|FILTERS WiTH A MAXIMUM FACE YELOCITY OF 300 FPM.| ALWAYS
NY ATE TOSEE IF BETTER FILTRATION IS REQUIRED.

- - .

10. :AF IcEnEILFEESSIIRE OROP THRU COIL — REFER TO MARUFACTURER'S DATA CR ESTIMATE 2.5FT. PER ROW

1. iI’ECIAL SUPPORT CHANMELS AND SI1ZE OF RODS - CHECK WITH STRUCTURAL DESIGNER FOR THIS IN-
. W SIZES ON DETAIL.
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DESIGNING THE INSTALLATION OF THE VERTICAL AIR HANDLING
UNIT WITH FLAT FILTER BOX AND DUAL COILS

MTAL CFM REQUIRED |- COMPUTE THE AMOUNT OF AIR BY THE USUAL ASHRAE METHODS
AND LOCAL CODE REQUIREMENTS,

2. C A INIMUM |OUTLET AREA |- DIYIDE THE TOTAL CFM BY DESIRED OUTLET VELOCITY
(USCRALLY 1400 FHII

3. EA - DIVIDE YHE TOTAL CFM BY DESIRED COIL FACE VELOCITY.
THIS IS[USUALLY 500 FPM AND SHOULD NOT EXCEED 550 FPM|TO AYDID CONDENSATE CARRYOVER.

4,

IHSURE UNIT WILL FIT INTO THE AYAILABLE|SPACE WITH ROOM

DETERMINE THE UNIF COMFIGURATION -
ALL ARODUND FHR[‘_"——MAIHH:HAHLE AND FILTER REMDVAL. |

AR




5. EELEQT [ HE COOLING COIL — THE CQOLING COIL SHOULDBE SIZED FOR THE MAXIMUM COOLING RE-
QUIREMENTS ACCORDING T 0 LOCAL DESIGN REQUIREMENTS, SELECT A MANUFACTURER AND REFER
TO THE MANUFACTURER"S PUBLISHED DATA FOR FINAL COIL SELECTION. CALCULATE CONDITIONS
FOR THE SCREDULE AS FOLEOWS;

A. DEE! ERMINE ENTERING AND LEﬁ\’iHE AIR CONDITIONS - DRAW THE SYSTEM CONDITIONS OK A PSYCHRO-
TRIC CHA ACH AlR HA KRG UNIT BY THE METHODS SET FORTH IN THE ASHRAE GUIDE

FOR COOLING TO DETERMINE COIL CONDITIONS.

B. DETERMINE THE BTU/HR CAPACITY g_f IEE %Gll FOR COOLING - MULTIPLY THE CFM BY 60 MIN/HR
ND BY 0.075 LBS. BIC FOOT TOGET LBS. OF AIR PER HOUR. DETERMINE THE DIFFERENCE

OF THE TOTAL HEAT CONTENT {AH) BETWEEN THE WET BULB TEMPERATURE ENTERING THE COIL
AND WEY BULB TEMPERATURE LEAVING THE COIL. MULTIPLY THE LBS. OF AIR PER HOUR 8Y THE

AR TOOBTAIN BTU/HR CAPACITY. TO FURTHER SIMPLIFY, BTU/HR - CFM < 4.5 x AH.

C. EET THE ENTERING AND LE#?IEG CHILLED WATER TEMPERATURE COMDITIONS - WATER WILL NOR-
LLY BE ENTERING AT 4 GREES F. AND LEAVING AT 55 DEGREES BUT MAY BE VARIED BY THE
DESIGHER TO FIT COIL CONDITIONS OR 5YSTEM FLOW RATES.

D, DETERMINE THE CHILLED WA ¥ RATES — DIVIDE THE BTU/MR CAPACITY OF THE COIL BY
231 L8s PE R GALLOR TIMES €6 b WES 6 VIRUTES PER ROUR TIMES THE DIFFERENCE tN THE TEMPERATURE
OF THE ENTERING AND LEAVING CHILLER WATER (USUALLY T0 DEGREES £.). 7O SIMPLIFY:

GPM = BTU/HR - 500 < AT. -

£. ROWS IN COI - SHOULD BE LEFT TO MANUFACTURER AND PERFORMANCE AS CALCULATED HEREIN-
BEFORE SPECIFIED; HOWEVER, THE FOLLOWING RULE OF THUMB MAY BE NOTED FOR INFORMATION:
4 ROWCOIL — LIGHT DUTY: 6 ROWCOIL - INTERMEDIATE DUTY; AND 8 ROW COIL — HEAYY DUTY.




6. SELECT THE HEATING COIL - THE TOTAL CFM, SIZE OF COI AND UNIT MODEL ARE FEXED BY PREVIOUS
DETERMINATION. THE HEATING DUTY BTU/MR REQUIRED WILL BE EQUAL TO THE SUM OF HEAT LOSS
CALCULATIONS ARD YENTILATIONS REQUIREMENTS.

A. DETERMINING ENTERING AND LEAYING AIR CONDITION - ENTERING AIR TEMPERATURE IS THE MIX-
URE TEMPERATURE AS DETERMINED DIRECTLY FROM THE PROPORTION OF[RETURN AIR (USUALLY |
70 DEGREES F.) |AND FRESH AMR[{LOCAL DESIGN)| AIR TEMPERATURE RISE-  BTU/HR

CFM . 1.D85.

B. DETERMINE HOT WATER FLOY RATE ARD TEMPERATURES - GPM
— JBTO/MR

. ENTERING WATER TEMPERATURES

MAY BE YARIED BUT SHOULD USUALLY BE 200 DEGRE ES

C ROMSIN.COIL - SHOULD BE LEFT TO MANUFACTURER AND PERFORMANCE AS HEf
D."HOWEVER, THE FOLLOWING J A

7. DETERMINE TOTAL STATIC PRESSURE TO BE DYERCOME BY FAN -

A. EXTERRAL STATIC PRESSURE - DETERMINE BY THE USUAL ASHRAE METHODS.

8. INTERMAL STATIC PRESSURE - REFER TO MANUFACTURER'S DATA OR ESTIMATE 0.2 WG PER COIL
ROW; 0.15 WG FOR FILTER (THROW AWAY).

C. JOTAL STATIC PRESSURE — SUM OF EXTERNAL AND IRTERNAL STATIC PRESSURE .




8. MOTOR HORSEPOWER — ENTER MANUFACTURER'S DATA WITH KNOWN CFM AND TOTAL STATIC PRESSURE
TODETERMINE HORSEPOWER OR COMPUTE BY THE FOLLOWING FORMULA: HP CFM .- 00001573 - TOTAL
STATIC PRESSURE IN INCHES WG + EFFICIENCY (USUALLY ABOUT 60%) - USE NEXT LARGEST STANDARD
MOTOR, CHECK WiTH ELECYRICAL DESIGNER FOR CURREMT CHARACTERISTICS.

9. FILYERS — USUALLY USE THROW-AWAY FILTERS WITH A MAXIMUM FACE VELOCITY OF 300 FPM. ALWAYS
IH'FESTIEATE TQ SEE IF BETTER FILTRATION IS REQUIRED.

10. HSHH PRESSURE DROP THRU COILS — REFER TO MANUFACTURER'S DATA OR ESTIMATE 25 FT. PER

1. UKIT MDUNTING AND SUPPORT —- GENERALLY THE UNIT WiLL BE SUPPORTED AT SIX POINTS, iF WEIGHT
OF UNET IRDICATES SPECIAL PAD BE PROYIDED, COORDINATE WITH STRUCTURAL DESIGHER .

Yoy
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® = DESIGN OF COOLING COIL CONDENSATE DRIP PIPING

1. GENERAL - AS AIR PASSES OVER THE COOLING COIL, MOISTURE IS RELEASED AS THE AIR REACHES
A DEW POINT DN THE COLD SURFACE OF THE COOLING COIL, THUS MAKING IT NECESSARY TO PRO-
YIDE A DRIP PAN UNDER THE COIL AND PIPING FROM THE DRAIN PAN TO A SUITABLE TERMINATION
POINT OF DISPOSAL. THE SYSTEM OF PIPING CONNECTING ALL DRAIN PANS IS SIMILAR TO ANY

WASTE DISPOSAL SYSTEM AND MUST BE DESIGNED TO CARRY THE WATER AWAY WITHOUT ANY SiG-
MIFICANT MAINTENANCE.

2. STOPPAGE AND OYERFLOW - UNLESS THE CONDENSATE CODIL DRIP PIPING SYSTEM 15 ADEQUATELY
DESIGNED AND INSTALLED, STOPPAGE AND OVERFLOW CAM RESULT. WHEN OYERFLOW OCCURS,
CONSIDERABLE DAMAGE CAN RESULT TO THE BUILDING FINISHES, AFTER THE BUILDING MAS BEEN
COMPLETED, THE OWNER SMOULD BE ADYISED THAT A RECULAR PROGRAM OF CLEANING TME CON-
DENSATE COIL DREP PAN SMOULD BE INSTITUTED.

3. ARRANGEMENRT — THE CONDENSATE COIL DRIP PIPING SYSTEM SHOULD BE CAREFULLY ARRANGED
TO CARRY AWAY THE UNWANTED WATER. ALL PARTS OF THE SYSTEM MUST BE GRADED TO DRAIN
AND WET PORTIONS OR UNDRAINED LOW POINTS CAMNOT BE ALLOWED SINCE THEY WILL FILL WITH
DIRT ARD STOPPAGE WILL OCCUR.

4. CALCULATION OF WATER FLOW ~ THE AMOUNT OF COMDENSATE THAT WILL OCCUR IN A SYSTEM AT
THE MAXIMUM CONDITION CAN BE COMPUTED FROM THE DESIGN PSYCHOMETRIC CHART FOR EACH
UNIT; HOYEVER, THIS CAN BE A RATHER LABORIOUS TASK, ESPECIALLY IF THE SYSTEM CONTAINS
NUMEROUS TERMMAL URITS. (A RULE OF THUMB OF 3 LIWHFTDH!MI' BE FOLLOWED J I
DESIRED TO COMPUTE THE WATER FLUW FROM EACH ONIT. UNITS SERVING AREAS 'IITH‘HI'EH LATENT
LOADS MAY PRODUCE AS MUCH AS 6 LBS/HR/TON|OR APFROXIMATELY 70 GALLONS PER HOUR FOR A
100 TON UNIT.




5. AYAILABLE HEAD - AYAILABLE HEAD TO CAUSE THE WATER TO FLOW FROM THE DRIP PAN OF THE
UNIT TO THE TERMINAL POINT 1S THE DIFFERENCE IN ELEVATION BETWEEN THE UNIT AND THE TER-
MINAL POINT. FRICTIOR DROP PLAYS A YERY SMALL ROLE IN THIS PIPING SINCE THE FLOW IS AL-
WAYS YERY SMALL COMPARED TO THE PIPE SIZES USUALLY EMPLOYED,

6. YENTING - VENTING OF THE CONDENSAT € COIL DRIP PIPING IS MORE INPORTANT THAN YENTING OF
A SARITARY SEWER SYSTEM BECAUSE THE FAN PRESSURES CAN CAUSE THE WATER TO HANG UP IN
THE SYSTEM. THE PRESSURE IN A DRAY-THRU UNIT COULD BE OF A YALUE THAT CAUSES THE AIR TO
COME UP THE DRAIN PIPE AND DISRUPT NORMAL FLOY OF ALL UNITS IN THE SYSTEM. ALL LARGE
UNITS SHOULD HAVE A VENTED TRAP AT THE OUTLET OF THE DRIP PAN. THEWEIGHT OF THE TRAP
SHOULD BE GREATER BY 50% THAN THE EXPECTED NEGATIVE PRESSURE IN THE PAN AND THE TRAP
SHOULD BE YENTED AT ITS OUTLET TO PREVENT THIS PROBLEN. -

TYPE "L" COPP
COPPER TUBING SHOULD BE MADE WITH

SWEAT FITTINGS MADE WITH 95-5 SOLDER.

8. ALGAE - THE DEVELOPMENT OF ALGAE IN THE PANS AND CONSEQUENTLY DOWN THE DRAIN SYSTEM
- MAY OCCUR IN SOME GEOGRAPHICAL LOCATIONS. WHEN ALGAE OCCURS, SOME FORM OF CHEMICAL
TREATMENT MAY BE NECESSARY TO KEEP THE SYSTEM OPEN.

9. TERMINATION — THE TERMINATION POINT OF THE CONDENSATE COIL DRIP PIPING SYSTEM MAY BE
WAYS. GENERALLY, ANY SYSTEM THAT IS IN KEEPING WITH THE LOCAL CODES WiLL
B8E SATISFACTORY TO DISPOSE OF THE ACCUMULATED WATER. SPILLING THE WATER OVER OPEN
SIGHT DRAINS AND SERVICE SINKS ARE TWO OF THE MOST COMMON WAYS OF DISPOSAL. DISPOSAL OF
THE WATER ON GRADE USUALLY PROVES TO BE QUITE UNSATISFACTORY SINCE IT KEEPS THE SOIL
CONSTANTLY IN A MUDDY CONDITION. DISPOSAL OF THE WATER OVER A FLOOR DRAMN USUALLY -

PROVES 70 BE QUITE UNSATISFACTORY SINCE 1T KEEPS THE FLOOR SURROUNDING THE DRAIN WET yey
ALL OF THE TIME.




10. INDUCTION UNITS - THEORETICALLY, INDUCTION UMITS DO NOY REQUIRE A CONDENSATE COIL DRIP
PIPING SYSTEM, BECAUSE THE MOISTURE IS REMOVED FROM THE RODM BY THE DRY PRIMARY AlR;
HOWEVER, MOST DESIGHERS ADD A DRIP PIPING SYSTEM TO BE SAFE. CONDENSAT IOM MAY OCCUR
AND DAMAGE THE BUILDING WHEN TROUBLE OCCURS IN THE PRIMARY AJR UNIT AND CHILLED
WATER I5 CONTINUING TO BE CIRCULATED TO THE IRDUCTION UNITS. IT IS FOR THIS REASON THAT
DRIP LINES ARE RECOMMENDED FOR THE INDUCTION UNIT SYSTEM,

11, INSULATION OF THE PIPE — THE CONDENSATE COIL DRIP PIPING SHOULD BE INSULATED WITH YAPOR
BARRIER INSULATION $INCE THE CONDENSATE CAN BE QUITE COLD AND CONDENSATION MAY OCCUR

ON THE EXTERIOR OF THE PIPING CAUSING BUILDING DAMAGE. GEHERAI.LT_; F'IIIE PIPE MAY BE [N
[SULATED WiTH 1/Z-INCH THICK [ R_INSULATION|OR PREFORMED FLEX-

IBLE FOAMED RUBBER INSULATION.

12. INSULATION OF DRIP PAN — THE BOTTOM AND SIDES OF THE CONDENSATE DRIP PAN SHOULD BE IN-
SULATED WITH SPRAY TYPE INSULATION OF APPROXIMATELY 1/2-INCH OF THICKNESS TO PREVENT
CONDENSATION,

1. EXTENSION OF DRIP PAN — THE CONDERSATE DRIP PAN IN THE UNIT SHOULD 8E LARGE ENOUGH OR
SHOULD BE EXTENDED 7O COVER ALL YALVES AND ACCESSORIES CARRYING WATER OR REFRIGERANT
BELOW 50 DEGREES F.

M. FLUSHOUT ~ THE COOLING COIL CONDEMSATE DRIP SYSTEM SHOULD BE DESIGHED TO ALLOW PERI-
Pl Lo, 5 1 TEA L ADGE M . TESTRATER FLACICN o vishor
GRE )
. - o - _ . PAGE NO. 285




" M
CONNECTED CODLING LOAD IN TONS
PIPE __
SIZE
) 190 150 Ey 2% o 10 50
14" KOT RECOMMENDED
34" | NOT RECOMMENDED
127 | NOT RECOMMENDED
//‘

v [lortozipes —— 51— — 6 O’m L0 :"/"//I

dls
v UP 7 5 7ONS
114 P 10 30 TONS
oy UP TG 50 TOKS
2"
3 UP TO 300 TOMS
o UP{ 7O 430 TONS
,H

HOTE: WHERE HORIZONTAL RUNS ARE EMPLOYEDWETH A PITCH OF|LESS THAN 1 IN 10 FT. — INCREASE THE ABOVE VALUES ONE PIPE SIZE|
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Fig. 10 Variable-Air-Volume System with Reheat and Induction and Fan-Powered Devices

(Courtesy RDK Engineers)
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Fig. 11 Single-Fan, Dual-Duct System
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PREHEAT COIL

Fig. 13 Multizone System
(Courtesy RDK Engineers)
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Fig. 14 Primary/Secondary System
(Courtesy RDK Engineers)
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Fig. 15 Underfloor Air Distribution
(Courtesy RDK Enginsers)
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Fig, 16 Supersaturated/Wetted Coil

(Courtesy RDK Engineers]
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" A
Air Washer Section

Single and double bank air washers with respectively a
maximum of 75% and 95% saturation efficiency (at 500
fpm, 30 psig ) are provided . Water headers, piping and
nozzles material are Polypropylene. Plastic mist eliminator
and inlet louver , are included in the chamber. Full cast
iron water sump pumps are placed inside the air washer
chamber , making it compact and easy to install. The unit
s equipped with floater and a water level control switch,
prevent the burning out of sump pumps. Casing is
constructed with 1 or 2 inches Polyurethane double skin
panels. To protect the water sump against corrosion,
glass fiber coating is available upon request.
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= IAHVIEH CO.

The following procedure is used to determine all the
pertinent air handler data. Steps can be omitted when
not applicable. For instance, a fan head would require
at most five steps to be selected.

Se
Se
Se
Se
Se

M@ e an O

ect unit type (Model)
ect unit size

ect coil

ect filters

ect other accessories

Determine total static pressure
Determine fan type, fan speed and motor horsepower
Adjust selection for altitude and /or temperature




"
a. Select Unit Type (Model)
Refer to Model & Basic arrangements on page 9, based

on job conditions.

b. Select Unit Size

Air volume determines unit size. Once the air quantity is
determined, the unit size is selected from the General
Information Table on page 16 . Based on allowable face

velocity :

Face Velocity (FPm) = CFM / Coll Face Area (Sq.ft.)
Cooling coil face velocitys should not exceed 550 FPM
to avoid condensate carry over. Notice that some units
offer three different coil sizes. The most economical
selection results from using the smallest unit size with the
largest coil available while keeping face velocities close
to 550 FPM.Face velocities at unit used only for heating
purposes can be higher. In this case the limitation is air
flow range of the unit, shown in the General Information
table .




B ¢. Select Cooling & Heating Coils
For more details refer to related coil catalogue or
TAHVIEH products CD (Teqgsel CD). In this catalogue
the coil rating and capacities are briefly presented.

Water Cooling Coil Procedure: In determination of
unit size (step b), the type of coil(low AT, normal AT,
high AT, or external) has been determined . This fixes
the coil height and length as shown in General
Information table on page 16 . The fin spacing and
rows are determined by referring to the limited coil
capacity tables (on pages 46 thru 61) TAHVIEH coil
catalogue or Equipment Selection CD . Two types of
cooling coils are available: Chilled Water and Direct
Expansion (DX). Fin spacing can be TYPE [ (8 FPI) or
TYPE IV (14 FPI) and coil depths of 3,4,6 and 8 rows
are available.

To select a coil, the following information must be

determined from system requirements :

e Standard air flow (Scfm.)

e Entering air wb and db temperature.

e Total and sensible cooling load to be handled by the
coil.

e [Entering water temperature.

o Water temperature range, outlet minus inlet.

e Face velocity on coil in fpm.(determined in step b)

YYY
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1) Determine standard air flow (Scfm). (Refer to altitude
& temperature correction factor for air flow (Factor
A) shown in the Table on page 12 )
Scfm = CFM (Elevation) x Factor A
2) Calculate coil face velocity at standard conditions:
Face Velocity (Standard) = Scfm (Standard) / Coil Face Area (sq.Ft)
3) Determine cooling load of the coil at standard
condition (Refer to altitude & temperature correction
factors for capacity ( Factor B & Factor D) shown in
the table on page 13).
Total Load (Standard) = Total Load (Flevation) x Factor B x Factor D
4) Calculate water flow rate:
GPM = Total Loadielevation) / [ 500 x ATelevation) ]
5) Determine water velocity thru tubes for a given row.
Use table 1 (on page 64).
FPS = GPM x 1.1 / Circuits
6) Calculated water temperature range at standard
conditions
ATiStandard) = Total Lﬂﬂd(ﬂtaruiardj /(500 x GPM )
7) Calculate required MBH/Ft' of face area at standard
conditions:
MBH/Ft’ (standard) = Total Loadistandard) / Coil Face Area (Sq.Ft
/1000

VY




. _ 8) Determine maximum total capacity, rows, leaving
DB and WB at standard conditions from capacity
tables (or Water Coil catalogue).

9) Calculated maximum total capacity at altitude to
the one at standard by reversing all the operations in
step 3. (Q1)

10) Determine Factor D base on DBL(Standard)

11) Determine maximun sensible capacity at altitude
(Q2)

Q2 (Elevation) = 1.085 x CFMElevation) x [ DBE(Elevation) =DBLStandard)]

x Factor D
12)Determine leaving dry bulb at altitude:
DBL(elevation) = DBE(elevation)— [Q2 / (1.085 x CFMielevation) x
Factor A x Factor D ) )
DBL= Leaving air dry bulb, °F
DBE= Entering air dry bulb, °F

13) Get air resistance thru coil from curve No.1,2 on
page 65 at standard conditions and then
multiply it by Factor A to obtain the quantity at
altitude.

14)Determine total water pressure drop by adding
water pressure drop thru tubes from table 2,3 on
page 66 and pressure drop thru headers from curve
No. 3&4 on page 67.




DX Cooling Coil Procedure:
To select a DX colil, the following information must

be determined from system requirements :

e Standard air flow (Scfm.)

e Entering air WB and DB temperatures.

e Total cooling load of the coil.

e Refrigerant evaporating temperature in the coil (R-22)
e Face velocity on coil in fpm.

1

) Determine standard air flow (Scfm). (Refer to altitude
&temperature correction factor for air flow (Factor A)
shown in the Table on page 12).

Scim = CFM (Elevation) x Factor A

\vo




2) Face velocity on colil at standard conditions

Face Velocity (Standard) = Scfm (Standard) / Coil Face Area (5q.Ft.)

3) Determine cooling load on the coil at standard
condition (Refer to altitude & temperature correction
factor for capacity (Factor B) shown in the table on
page 13):

Total Load (Standard) = Load (Elevation) x Factor B
4) Calculate required Tons per sq.ft. of face area at

standard condition:
Tons/Ft (Standard) = Total Load(Standard) / Coil Face Area (ft )/

12000

5) Determine maximum total capacity, rows, leaving

DB and WB at standard conditions from capacity

tables in DX coil catalogue(CN:06-96 ).
Maximum Capacity(standard) =Tons/Ft (Standard) x Coil Face Area

(') x 12000

6) Calculate maximum total capacity at altitude by

reversing all the operations in step 3. (Q1) -




" JE
7) Determine Factor D based on DBListandard)
8) Determine maximun sensible capacity at altitude
by reversing all the operations in step 3(Q2):

Q2 = 1.085 x CFMstandard) x | DBE(Elevation) =DBL(Standard) ]
xFactor D / Factor C

9) Determine leaving dry bulb at altitude:
DBLielevation) = DBEelevation)— Q2 / [ 1.085 x CFMielevation)
xFactor A x Factor D ]
DEL= Leaving air dry bulb, °F
DBE= Entering air dry bulb, °F
10) To obtain refrigerant temperature at altitude, add
Factor E to the refrigerant temperature at sea
level(Refer to altitude & temperature correction
factor for capacity (Factor E) shown in the table on
page 13).

ARAY
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11) Get air resistance thru coil from curve No.1,2 on
page 65 at standard conditions and then

multiply it by Factor A to obtain the quantity at
atltitude.

Water Heating Coil Procedure: In a unit with a cooling
coil the height and depth of preheat, heating and reheat
coils are set by the cooling coil since all coils in a unit
must be the same size. The fin spacing and rows are
determined by referring to the limited coil capacity tables
(on pages 62 & 63), the appropriate TAHVIEH coil
catalogue, or CD. Three types of heating coils are available:
Hot Water, Steam and Electric.

To select a coil, the following information must be
determined from system requirements :

Standard air flow (Scfm.)

Entering air db temperature.

Total heating load of the coil.

Entering water temperature.

Water temperature range, outlet minus inlet.

Face velocity on coil in fpm. VYA




"
1) Determine standard air flow (Scfm). (Refer to altitude
& temperature correction factor for air flow (Factor A)
Table on page 12):
Scfm = CFM (Elevation} x Factor A
2) Calculate Face velocity on coil at standard conditions:
Face \"'Elﬂﬁi'[}" (Standard) = Scfm (Standard) / Coil Face Area (5q.Ft.)
3) Calculate water flow rate:
GPM = Total Loadielevation) / [ 500 x ATielevation) ]
4)  Determine water velocity thru tubes for given row.

Use table 1 (page 64)
FPS = GPM x 1.1/ Circuits

5) Determine row and leaving DB at standard conditions
from capacity tables(or coils catalogue).

6) DBLelevation) = DBL{Standard), DBL= Leaving air dry bulb,°F
( Refer lo curve No. 5 on page 68. correction of DBL )

7) Heating load of the coil at altitude (Refer to altitude
& temperature correction factor for capacity (Factor
F) table on page 13):
Sensible Load (Elevation) = 1.085 x CFMStandard) X AT(Standard) X
Factor F

yva
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8) Get air resistance thru coil from curve No.1 on
page 65 at standard conditions and then multiply
it by Factor A to obtain the quantity at altitude.
9) Determine total water pressure drop by adding
water pressure drop thru tubes from table 2,3 on

page 66 and pressure drop thru headers from curve
No. 3&4 on page 6/.

Steam Heating Coil Procedure:
To select a coil, the following information must be
determined from system requirements:

Standard airflow (Scfm)

Entering air temperature db (T1).
Leaving air temperature db (T2).
Steam pressure and temperature (Ts).
Face velocity on coil in fpm.

YA
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Pressure | Temperature | Latent Heat
(psig) (°F) (Btu/lb)
0 212 970.40
2 218.47 966.20

3 221,50 964,27

5 227.16 960.54

8 234.78 955.58
10 239.41 952,45
15 249,73 945.49
20 258.79 939.26
25 266.85 933.63
30 274,08 928.50
39 280.64 923.77
40 286,74 919.27
45 292.37 915.14
50 297.70 911.24
60 307.30 903.91
70 316.30 897.28
80 323.89 891.08
90 331,16 885.42
100 337.86 880.82
110 344,22 874.85
120 350.09 870.05
130 355.65 865.48
140 360.89 861.12
150 365,92 856.92
175 377.47 847.02
200 387.88 838.00
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1) C

alculate air temperature rise (T2-T1).
Calculate temperature difference between steam and
entering air (Ts-T1).
Calculate “ A “ = (T2-T1)/(Ts-T1)
Enter graph Ton page 64 with coil face velocity and
proceed upward to intersection with “ A “ line.
Select the coil curve which passes above this point
(higher “ A “ coil).
To calculate actual final temperature, determine
actual” A & “ B “ from graph 1 in page 64 for the
coil selected .

T2 =(AxTs)+(BxT1)

To calculate heating load and condensate mass flow

rate:;
Btuh specified = 1.08 x scfm x (specified T2-T1) x Factor G
Buth actual = 1.08 x scfm x (actual T2-T1) x FactorG

Condensate (Ibs /hr ) = Btuh { actual ) / Latent heat
Determine air friction across coil from curve No.T,
on Page 65 at standard conditions and then multiply
it by Factor A to obtain the quantity at altitude .

YAY
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Hot Deck (BD or BR) :

The hot deck coil height and length are fixed by the size
of the unit, selected as shown in the General Information
table on page 16. The face area is approximately one half
of a draw thru coil. The coil depth is determined in the
same manner describe as in above steps. The required
preheat coils are the same size as the cooling coils and
are located before fan head.

d. Select Filters

Aluminum Pre-filters and various type of Fine Filters are
provided by TAHVIEH. See Pre-Filter & Fine Filter data
and arrangements on page 22. When outside air is used,
a combination of filter mixing box and filters is a convenient
method of properly mixing and purifying the air before
it enters the unit.

e. Select Other Accessories
Other accessories as follows are available in TAHVIEH
Air Handler Line :

Air Washers (page 27)
Humidifiers (page 28)
Face and Bypass Dampers (page 45)

Sound Attenuators (page 32) VAT




- _ f. Determine Total Static Pressure

Cabinet and accessory static pressure loss table (page 19
thru 21), Coil static air pressure loss (page 65) and
filter static pressure tables (page 25) contain all the
information required to determine internal static pressure
at sea level. Total static pressure (TSP) at sea level is
obtained by adding internal and external static pressures
(ESP) at sea level.

ESP is determined by the ductwork and accessories added
outside of the unit. TSP should be corrected for design
elevation by using the correction table (Factor A) on
page 12.

g. Determine Fan Type, Power and Speed

TAHVIEH available fans are listed on page 17 and the
rating curves on pages 36 to 42 show Airflow, Sound
level, BHP and RPM for air at standard conditions. The
characteristic curves of forward and backward curved
fans are shown on page 36 & 40 respectively. For Airfoil
wheels information and performance curve contact
TAHVIEH. Fan parameters should be calculated at sea
level .

12
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Altitude and Temperature Correction Factor for
Air Flow (Factor A)

In this catalogue all data are in terms of standard air at a
density of .075 pounds per cubic foot at 70F and a
barometric pressure of 29.92 in-Hg (sea level). See Air
density ratio ,Factor A, on the following table for the
relationship between the density of air at standard
conditions and the density at elevated temperatures and
altitudes.

A fan at a given speed will handle the same volume of
air regardless of density. However, the BHP and static
pressure vary directly as the density. Therefore the steps
in correcting a selection for variations in density due to
altitude are as follows:

e Determine that the CFM and static pressure are stated
in terms of the actual altitude and not at standard
conditions.

e Pick air density ratio from table on this page.
Divide actual static pressure by air density ratio.
Use the actual CFM & corrected static pressure to
determine rpm directly from the fan table.

e Multiply the BHP from the fan table by the air density
ratio to determine the actual BHP.

YAo




Elevation | Correction | Barometric
(Ft) Factor, A P"f:ﬁ“fﬂ
_ (nHg)

0 1 29,92
500 0.982 29.38
1000 0.965 28 86
1500 0.947 28.33
2000 0.930 27.82
2500 0.913 27.32
3000 0.896 26.82
3500 0.880 26.33
4000 0.864 25.84
4500 0.850 25.37
5000 0.832 54 90
5500 0.817 24.43
6000 0.802 23.98
7500 0.757 22.65
10000 0.688 20.58

VAT




Altitude & Temperature Correction Factors for
Cooling Capacity (Factors B,C,D)
To obtain the capacity at standard conditions, use the

following correction factors with their corresponding
equations :

Elevation | Correction | Correction
(Ft) Factor, B | Factor, C
0 1 1
2500 0.97 1.03
5000 0.94 1.05
7500 0.91 1.10
10000 0.88 1.14

YAY




Temperature | Correction
(°F) Factor, D
0 1.120

50 1.031

70 1

75 0.990
80 0.985
85 0.975
90 0.965
95 0.955
100 0.950
105 0.940
110 0.930

115

0.925

YAA




Temperature Correction Factor for DX-
Refrigerant Temperature (Factor E)

To obtain refrigerant temperature at altitude, add the
corresponding quantity from the following table to the
sea-level refrigerant temperature

Elevation | Correction
(Ft) Factor, E
0 0
2500 0.6
5000 1.3
7500 2.0
10000 2.6

YASQ




Temperature Correction Factor for Water
Heating Capacity(Factor F)

To obtain the capacity at altitude, use the following
correction factor with their corresponding equatians :

Elevation | Correction
(Ft) Factor, F
0 0
2500 0.95
5000 0.90
7500 0.85
10000 0.81

9.




Temperature Correction Factor for Steam

Heating Capacity(Factor G)

To obtain the capacity at altitude, use the following
correction factor with their corresponding equatians :

. Correction
Elevation Factor. G
Ft .
(Ft) 2 psig 10 psig 50 psig 100 psig
0 0 0 0 0
2500 0.92 0.93 0.94 0.94
5000 0.85 0.87 0.88 0.88
7500 0.78 0.80 0.82 0.83
10000 0.71 0.74 0.77 0.78

Y4




Example:

UNIT IDENTITY DESCRIPTION
Type Multi-zone air handler
Supply air 11700
Alr flow Return air 0
(cfm) errm @
Fresh air 11700
External static pressure (in.wg.) 0.5
Total coil load (Btuh) 547000
Sensible coil load (Btuh) 441620
Max. face velocity (fpm) 500
Ent. water temp. (°F) 44
= Tube Lvg. water temp. (°F) o4
; side Flow rate (gpm) 109.4
= Max. pressure drop (ft.wg.) 20
3 Ent. dry bulb temp. (°F) 95
Ent. wet bulb temp. (°F) 69.2
Air side Lvg. dry bulb temp. (°F) 56
Lvg. wet bulb temp. (°F) 54.8
Flow rate (cfm)

11700

Y4y




N
Type Pre-heating Heating
Heating capacity (Btuh) 696400 292000
Ent. water temp. (°F) 180 180
E Tube Lvg. water temp. (°F) 160 160
2 side Flow rate (gpm) 69.6 29.2
"E Max. pressure drop (ft.wg.) 15 15
L Ent. air temp. (°F) -6.5 56
Air side Lvg. air temp. (°F) 55.5 82
Flow rate (cfm) 11700 11700
Filters Pre-filters V-type, Efficiency: 10-15% D.S.
E Fine filters Bag type, Efficiency: 95% D.S.
E Mixing box No
3 Humidifier type Steam grid
& Steam flow rate (Ib/hr) 444
Ent./Lvg. air temp, (°F) 55.,5/56

Y4y




b)

Select Unit Type
By referring to page 9, “BD” model is selected.

Select Unit Size

By considering the max. face velocity of 500 fpm,
face area is approximately found as follows:

Face Area(Approx.)

=11700/500=23 .4 ft

Using the approximate face area, the actual unit size
(on the page 16) is found to be “24" with coil deck
face area of 24.0 Sq.ft.

Actual Face Velocity

=11700/24=487.5 fpm

Select Coils:

Cooling Coil:

SCFM

= 11700 x 0.85=9945
Face Velocity(Standard)
= 9945/24=414 fpm




3) Total Loadistandard)
= 547000 x 0.946 x 0.955=494176 Btuh
4) GPM
= 547000/[500 x 10]=109.4
5) FPS
=109.4 x 1.1/[2 x221=2.74
6)  AT(standard)
= 494176/(500 x 109.4)=9.03 °F
7)  MBH/ ft
= 494176/24/1000=20.59

8) The coil 6 ROW/14 FP1/24.0 ft'/DOUBLE CIRCUIT
Is selected, Therefore:
e Total Coil Load
= 561788 Btuh
* Total Coil Sensible Load
= 459800 Btuh
*Leaving Air DB
=52.2°F
*Leaving Air WB
=51.7°F

V4o
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9) Total LDad[Elevariml][QH

= 561788/0.946/0.955=621839 Btuh
10) Total Sensible Load(Elevation)[Q2]

= 1.085 x 9945 x (95-52.2) x 1.03/1.05=453029
Btuh

11) DBL(Elevation)

= 95-[453029/(1.085 x 11700 x 0.85 x 1.03)]=54.2°F
12) Apa

= 0.84 in.w.g (Air Pressure Drop) @ sea level

=0.84 x 0.85=0.714 in.w.g @ elevation
13) APw

= 2.82+0.65=3.47 ft.w.g (Water Pressure Drop)




Pre-Heating Coil:

SCFM

= 11700 x 0.85=9945

Face Velocity(Standard)

= 9945/24=414 fpm

GPM

= 696400/[500 x 20]=69.6

FPS

=69.6x1.1/22=3.48

The coil 1 ROW/14 FP1/24.0 ft'/ SINGLE CIRCUIT
s selected, therefore:

Leaving Air DB=58.0°F

Total Heating LoadiElevation)

= 1.085 x 9945 x (58+6.5) x 0.91=633338 Btuh
Apa

= 0.05 in.w.g (Air Pressure Drop) @ sea level

= 0.05 x 0.85=0.04 in.w.g @ elevation

APw

= (0.55+0.97) x 0.74=1.12 ft.w.g (Water Pressure
Der} Y4y




C)

Heating Coil:
SCFM
= 11700 x 0.85=9945
Face Velocity(Standard)
= 9945/13.57=737 fpm
GPM
= 292000/[500 x 20]=29.2
FPS
=292x1.1/12=2.68
The coil 1 ROW/14 FP1/13.5 ft'/ SINGLE CIRCUIT
is selected, therefore:
Leaving Air DB=86.1°F
Total Heating LoadiElevation)
= 1.085 x 9945 x (86.1-56) x 0.91=295558 Btuh
Apa
=0.19 in.w.g (Air Pressure Drop) @ sea level
=0.19 x 0.85=0.16 in.w.g @ elevation
APw
=(0.88+0.33) x 0.74=0.9 ft.w.g (Water Pressure Drop)

Select Filters:
By referring to page 22, the unit filter sizes are selected
as follows:

YAA




Type Area (ft?) Qty. x (Length x Width) (in.)
Prefilter(vV-Bank) 48,9 182:;{11;"225%}
Fine Filter(Bag) 36,0 gﬂ ;::?;i
e) Total Static Pressure:
Element name APa @ sea
level
e |nlet Damper 0.02
o V-Type 0.06
e Fan Cabinet 0.42
e Bagfilter (0.6+1)/2=0.8
e Pre-Heating Coill 0.05
e Cooling Coil 0.84
Total Internal Static 2.19
Pressure

Total Internal Static Pressure (Elevation) (in.w.g)
=2.19x0.85=1.86
Total Static Pressure (Elevation) (in.w.g)

= 1.86+0.5=2.36

144




f)  Fan Selection:
By referring to page 41 fan & motor are selected

as follows:

*Fan model : RDH-500
*[Fan Qty.

=2

*Fan speed

= 1349 rpm

*Fan power

= 2x2.1 kw

* Motor power

=2x5.5 hp

*Fan efficiency

= 78.5%

*[Fans sound power level @ fan outlet
= 85.5 dBA
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Selection Example:

Space: Bank office building
Area: 300 m’ = 3228 f”
City: Tehran

Altitude: 4000 ft

Qutdoor air summer temperature:
100°F DB/ 75°F WB

Indoor design air temperature:
78°F DB/ 63°F WB
(According to ASHRAE comfort zone)

Fresh air required: 25%

Required total cooling load: 8.97 ton=107600
btu/hr

Required sensible cooling load: No idea

(360 ft’/ton, 1 ton=12000 btu/hr according to
ASHRAE pocket handbook cooling load check
figures.)

Again:
Total cooling load=
107600

= =125116 btu/hr
0.95x0.96x0.97x0.98

Then from TABLE 1: Again select SRTP-10
model with total cooling capacity of 126000 btu/hr

Actual air flov=Nominal air flow x CFMF
=4100x0.87=3570 cfm

If Required sensible cooling load was known:

Required sensible coolingload
Required total coolingload

Required ST=

ST= Required ST
STFIXSTF2xSTF3xSTF4xSTF5

_ Required ST _ Required ST

© 0.95x1.02x0.88x1.08x1.16  0.76

Then from TABLE 1: ST of SRTP-10 model would
be checked also.




'_
‘ Selection:

Feturn indoaor air temperature:
(Keturn air mixed with 25% fresh air)
U252 100°F+0 . 752x 78 °F=84"F DB
0.25x75°F+0.75x63°F=66°F WEB

First assume no cfm correction factor for
external static pressure, so from:

TABLE 2: CFMF=1

TABLE 3: F1=1 ,STF1=1

Then with interpolating from:

TABLE4:F2=08a , STF2=1.02
TABLE 9: F3=0.497 , STF3=0.85
TABLE 6: F4=0.93 , STF4=1.08
TABLE 7: STFS=1.16




" <

S0
Required total cooling load

F1xF2xF3xF4
=118241 btu/hr

Total cooling load=

~ 107600
1%0 96x0.97x0 98

Then from TAELE 1: Select SETP-10 model
with total cooling capacity of 126000 btu/hr

Mow according to SETP-10 nominal air flow =
4100 cfm and duct sizing data , we may obtained
038" W.G. external static pressure, so from

TABLE 2: CFMF=0.87
TABLE 3: F1=0495 | STF1=0 95




TABLE 1:

Model SRTP-3 SRTP-6 SRTP-T.5 SRTPA10
}Num inal cooling (Tons) 3 = 7A 10
"E T otal ':DD”I'IQ DEIF:IEIC”':." (B‘[ull'Hr:] & 3|:|I|:||:||:| ES,DDD 7a I|:||:||:| 126 I|:||:||:|
S Eensible Cooling capacity (BtuH ) * 22,500 45,500 57,000 80,000
Moaominal Ar Flow (CFRY*? 1,000 2100 2,800 4,100
oftage V1P hase i HT 220701 150 380 73550
FMominal Total Power (KW 45 5.8 6.9 11.4
Mominal Tatsl Surrent [&m @) 20.5 16.3 204 281
S‘[ar‘ting Current (,ﬂm p:] 73 o5 94 05
IZom pressar
Type Scroll Hermetic
Gluartity 1 2
Nominal P ower (HP ) 3 | B | 75 3
Condenser Coil
Face Area (=gt 99 | 21 4 | 256 525
Fow/FPl ! Tube iFin 2147 358" Cuar Al
£ [Condenser Fan
2| Type Axial FanwWith E xternal B otor Motor
B cuartity 1
E Size (mm) F Speed (rpm) 500 7 900 SE0 7900 630 5900 710 7900
w|  Zound power level (dBA) 6o 74 i 7o
E Air Flow (CF ) 2500 4500 3500 G200
E Mominal P oveer (KW
'EEvapDratn:lr Cail
| Face Area(sgf) 29 4.7 52 9.1
Row/FPI! Tube iFin IN4 138" Cusal
Evaporator Fan
Type Cerntrifugal DD With Embedded Maotor
uantity 1
Size (inch) f Speed (rpm ) 853 1800 1040 /1400 1212 1900 12127900
Sound power level [MBA) B3 (=1 (=1 =3
Air Flowy (CFM) ** 1,000 2,100 2,800 4,100
Maminal P ower (KW 103 30 30 1.5
Evaporator Filter 1" Wazhahle
Init Dimension (L £ 5 HY(m)) 140170583 | 16714083 |18/ 551083 24151157
IInit Cperating Weight (Hg) 170 250 350 S50

* Cooling capacity is hased on ARl 210, 95°F ambient temperature, 80°F DB/ 67°F WE indoor air
temperature at air flow at 0.35" external static pressure. For other temperatures and external static

pressure apply correction factors.

A flow is at 0.358" external static pressure. For other external static pressure apply correction factar,

Yy




. TABLE 2:

E xternal Static Pressure (inchj 0.3 0.3%5 0.4
CFMF for SRTP-3 model 1.14 1 0.7
CFMF for SRTP6 model 1.03 1 0.9
CFMF for SRTP-7.5 model 1.08 1 0.4
CFMF for SRTP-10 model 1.15 1 0.7
TABLE 3:

CFMF 0.7 0.87 0.9 1 1.05 1.15
F1 087 085 084 1 1.02 1.04
5TF1 0.85 0.95 087 1 1.04 1.08
TABLE 4.

Outdoor Amhient temperature (DB °F) 65 75 85 a5 105 115
F2 1.17 1.17 1.06 1 0.92 0.84
STF2 0.97 0.94 087 1 1.04 1.08
TABLE 5:

Altitud e (ft) 2,500 5,000 7,600 10,000
F3 088 0.96 0.894 0.9z
STF3 092 0.85 0.78 0.71
TABLE 6:

Indoor Air Wet Bulb tem perature (WB °F) 59 63 67 71
Fd4 0.4 0.92 1 1.07
5TF4 1.5 1.3 1 0.k
TABLE 7:

Indoor Air Dry Bulbtemperature (OB) | 70 | 75 | 80 | 8 |

5TFS

0.5

0.8

1

1.2




Actual air flow=MNominal air floww x CEMFE (CFM correction factor)

Fequired total cooling load
F1xF 2k 34

Total cooling load=

Fequired ST
STFTxETRF 25 TRIxETRA STRE
Feguired sensible cooling load

Fequired total cooling load

F1..F4 are total cooling load carrection factor
S TF1.5TF4 are sensible to total cooling load correction factor

ST (Densible to total cooling load) =

Fequired ST=

VY
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MULTIPLE-UNIT SYSTEMS

Multiple-unit systems generally use under 70 kKW, single-zone
unitary HVAC equipment with a unit for each zone (Figure 1). These
units typically have factory-charged, indoor conpressor refrigeration
systems. Some use remote air-cooled condensers with field-provided
refrigeration piping. Equipment can be packaged air cooled, and
wall louvers can be used to reject condenser heat to the outdoors.
Zoning 15 determined by (1) cooling and heating loads, (2) occu-
pancy, (3) flexibility requirements, (4) appearance, and (3) equip-
ment and duct space availability. Multiple-unit systems are popular
for low-rise office buildings, manufacturing plants, shopping cen-
ters, department stores, and apartment buildings. Unitary self-
contained units are excellent for renovation.

The system configuration can be horizontal distribution of e quip-
ment and associated ductwork and piping, or vertical distribution of
equipment and piping with horizontal distribution of ductwork.
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Fig. 1 Multiple-Unit Systems Using Single-Zone Unitary
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Equipment

(Courtesy RDK Engineers)
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Advantages

The system can be sealed to both large or small buildings (build-
ing height).

Installation is simple. Equipment is readily available in sizes that
allow easy handling.

Installation of outdoor heat pumps is simple with rigging onto
concrete pad at grade level or on the roof.

Equipment and components can be standardized.

Relocation of units to other spaces orbuildings is practical, if nec-
essary.

Energy efficiency can be quite good, partticularly where climate or
building use results in a balance of heating and cooling zones.
Units are available with complete, self-contained control systems
that include variable-volume control, night setback, and morning
warm-up.

Equipment is out of the occupied space, making the system qui-
eter than water-source heat pumps.

Easy access to equipment facilitates routine maintenance.
Failure of one unit affects only a limited area.

System is repetitive and simple, facilitating operator training.
Tenant utility metering is easier than with other systems.

Yo
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Disadvantages

* Access to outdoor air must be provided at each location.

* Fans may have limited static pressure ratings.

« Aidrfiltration options are limited.

* Discharge air temperature varies with on/off or step control.

* Humidification can be impractical on a unit-by-unit basis and
may need to be provided by a separate system.

* Integral air-cooled condensing units for some direct-expansion
cooling installations should be located outdoors within a limited
distance.

* Multiple units and equipment closets or rooms may occupy rent-
able floor space.

* Multiple pieces of equipment may increase maintenance require-
ments.

* Redundant equipment or easy eplacement may not be practical.

AN
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Design Considerations
Unitary systems can be used thronghout a building or to supple-
ment perimeter packaged terminal units (Figures 1 and 2). Because
core areas frequently have little or no heat loss, unitary e quipment
with air- or water-cooled condensers can be applied. The equipment
can be used in both low- and high-rise buildings; both applications
require some form of outdoor ventilation to serve the occupants.

Typical application may be ainterior work area, computer rooimn,
or other space requiring continual cooling. Special-purpose unitary
equipment 15 frequently used to cool, dehumidify, humidify, and
reheat to maintain close control of space temperature and humidity
in computer areas (Figure 2). For more information, see Chapters 18
and 19 of the 2011 ASHRAE Handbook—HVAC Applications, as
well as Chapters 49 and 50 of this volume.

In the multiple-unit system shown in Figure 3, one unit may
be used to precondition outdoor air for a group of units. This
all-outdoor-air unit prevents hot, humid air from entering the con-
ditioned space during periods of light load. The outdoor unit
should have sufficient capacity to cool the required ventilation air
from outside design conditions to interior design dew point. Zone

AR
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Fig. 2 Vertical Self~-Contained Unit
(Courtesy RDK Engineers)
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Fig. 3 Multiroom, Multistory Office Building with Unitary
Core and Through-the-Wall Perimeter Air Conditioners

(Combination Similar to Figure 1)
(Courtesy RDK Engineers)
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units are then sized to handle only the internal load for their par-
ticular area.

Units are typically under 70 kKW of cooling and are typically con-
stant-volume units. VAV distribution may be accomplished on these
units with a bypass damper that allows excess supply air to bypass
to the return air duct. The bypass damper ensures constant airflow
across the direct-expansion cooling coil to avoid coil freeze-up
cansed by low airflow. The damper is usually controlled by supply
duct pressure. Variable-fre quency drives can also be used.

Controls. Units are usually furnished with individual electric
controls, but can be enhanced to a more comprehensive building
management systern.

Eeonomizer Cvele. When outdoor temperature allows, energy
use can be reduce d by cooling with outdoor air in lieu of mechanical
refrigeration. Units must be located close to an outdoor wall or out-
door air duct shafts. Where this is not possible, it may be practical
to add a water-side economizer cooling coil, with cold water
obtained by sending condenser water through a winterized cooling
tower. Chapter 40 has further details.

YY.




Acoustics and Vibration. Because these units are tvpically
located near occupied space, they can affect acoustics. The designer
must study both the airflow breakout path and the unit’s radiated
sound power when coordinating selection of wall and ceiling con-
struction surrounding the unit. Locating units over noncritical work
spaces such as restrooms or storage areas around the equipment
room helps reduce noise in occupied space. Chapter 48 of the 2011
ASHRAE Handbook—HVAC Applications has more information on
HVAC-related sound and vibration concerns.
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EN 1886 - Ventilation for buildings - Air handling units - | =
Mechanical performance
|

- Ratings and performance for units, components and
sections

VDI 3803 - Air-conditioning systems - Structuraland =
technical principles

VDI 6022 Part 1 - Hygienic standards for ventilationand =
air-conditioning systems - Offi ces and assembly rooms

VDI 6022 Part 3 - Hygienic standards for ventilationand =
air-conditioning systems in production facilities and
business enterprises

DIN 1946 Part 2 - Ventilation and air conditioning; m
technical health requirements (VDI ventilation rules)

DIN 1946 Part 4 - Ventilation and air conditioning =
- Part 4: Ventilation in hospitals (VDI Ventilation rules)
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MAINTENANCE PROGRAM
Solgr (65laeSSg yuoas 4ol

Once Per Week:

Check the condition of filters. Clean, wash or change if necessary.
Check the level of pollution in the condenser heat exchangers, and wash if
necessary.

Please keep in mind that above checks may be required more frequently
depending on the climate and environmental conditions.

Once Per Month.

Check the operation of the fan and motor; adjust if necessary.

Check the injection nozzles and the humidifier valve.

Check water flow in the drainage pipe.

Check the condition of the entrance door hinges and the lid gaskets;
lubricate the hinges if necessary.




Once Per Every Six Months.

Check the operation current of motor.

Check the fan and motor bearings for high temperature and noise.
Check the operation of control instruments.

Check condensed water tray, siphon and drainage pipe.

Check circulation pump and motor of the humidifier.

Check the condition of the strainer of the humidifier.

Check the condition of cold / hot water or steam pipe system.
Check lids, duct connections for air leakage (suction and blowing)
and if a leakage is located take precautions immediately.




Once Per Year:

Check the isolation of the filter frame.

Change the synthetic wool in panel filters.

Check the heat exchangers and fins. Wash by water jet if necessary.
If any, straighten the bent fins by using a fin comb.

Check the heat exchangers for leakage.

Bleed the heat exchangers with water.

Check the tightness of the bolts fixing the fan and motor.

Check lubrication of motor and fan bearings.

Check the operation of the dampers.

Check the doors of the air handling unit for easy opening and closing.
Check the conditions of the fittings and valves in piping system.
Check all cabling, control and isolating apparatus and terminal connections etc.




-
Obwjbﬁjagj@ww‘wéuwhﬁu\

S0 ol 53 (gl Oleys ST 5 L Olis sloy 4 545 5l

s Sob oles | JF Bilas | e Jilas

4 prefiiacs yala GUT | ;0 1ah bani | glen il
..ﬂ-ﬂ.ﬂ'.n- -l.l..n_.‘l-ﬂ i et ey [y P

lah S5 o g

AR | S A e

wled anle y des

Ea oo - V4 T (Cta jlid) o) lo= e g

L o Te_fFe - 1] T (Coeta Lid) ol Cabaaly 5l
rY_TF e - F 1) (e Lid) ol el 3Ll
rY_TF i - F T (Corta Lid) o)l oy el s
YrY_vE T - - & 11 (Cata jLid) o lo= cAolied ey Codlia
AW F e - [} T [ Casta _.I_.‘Z ..___IL-. L'._:____I J'JI
- = b A - [ phta LA} ol =TT L g pee g
e Ty L - i 1 [, esa _II—;: £ Y _'_:._-';_:._ul
=Ty oo ot i T [ ghta L2d) Jo=la gy
FL_YF - 1 T ¥ [ gta  lid)  lsls
..—"-‘.—.‘!-""I
ri-TF - H k1 1] [;La_ll.._’ __IJ"I..'- _||.|_|.|
P_TE - 1 i T { ghta Lid) J=la =
¢l
= = gkl
TY_TF o - N T [ieata LAE) E_,la'- S
Loy




Cuels y duoyo

=T slep ooled
4 padiiao jolay 3G

U5 Jslas
22 loB ogxi

A-TP e

slam 51 1sn

losr Sy g

aabee s A S

Dol i 49 pud s b Sl 30 (49 gt
TA-V¥ - - 7 Y - Slews U1
- - s e - (hie jL2d) =ls g g e
g |_,Jil I_7_A
YY_YF YeF. - & v - ST
ez d il
¥ - - Y Y (Cuzo jl2d) & 1= e alapl 561
vy - b 'Y ¥ (ire jL2d) sl iy alsl 5G]
) (53,3 ey 301
- - b e - o= 1=
s
= kel ol Les!
TA-Y¥ - - 7 Y -
sl
T-Ty - - 4 v - ol 5 o )
- B B v - - 32l
Maxzl
Yi=-¥¥f Toe—F - - AR A (e ,L'"'é) = ;"-.él-"._v—}l;?')
(3 5053
X anl
T = = 7 - =
(=2 g ley8)
- - ok ). - Gals) 5,0 501
Yy - - 5 -
e - L 7 - T
— _ __-.—L' Y. _ I - s e o
Ty B <k 4 - L5 5 st
M - o 7 - S5 sms S
Y¥ - b 7 - ol as oy,
0 - oSt 4 - S
v - - - - S () (558 7
- - s e = (iie jl2d) |>ls Gl
- - ok VY - (ohie Lzd) l=lo Sl 50
Sl (g, 10950 561
T - =k Ve - ( chne jLad) 1o
slezil gy
- = = Al - (Soie L2d) 1= FHEPHE
- - - Ax - (Cie ,L28) 7, 55l all
cls ol st
vy = = 7 - (oiie Lzd) |=lo i
o y&
8 3ls il 51
TY Ye-r- b Ve - ( chne jLad) 1o S
ETO
Sl 5l
= = =k Ve - (e jLid) =l -
91'_7_J.._|_;;'....u|




JS Jilas
4 i yoky U1 50 lgp (Sgni
el alsd -yg g el

=9 Slgp oled

e Jelus
Sla2 jl1g
sl ) 49

g &5 5> Caper
290 ety A1 S

.. B
|._2|._Cd..:..._;‘__|-’._,-’._.¢

(oo jL23) J=lo

Byl gadiud

(e jL28) J.;;rl:}

'__l" s oa
__.-n_l.J.‘_:._...lEJJ._'}"\_K:

p

ail;

id s
L

(o L28) =l

géhh:.__ldm..l.}

Yt

(ohe Lid) L=l

(oo lad) =l

S




[
GUlT G bay a5 sl

‘b o R s 05

<]
/)/C§ J‘J ol S

3l 5l sl

r Sl oS goduslr Y oY S YA




r [‘;L‘}tﬁLIdJS:“:UiP o

(r ]L

e Nagel

Y-"C
Yoo >0

.,_,_n_

uﬂL‘rfC-JL’ sl L;blf&fgaﬂ},jl;lb’glz (_5,@; _E:::_/f

D g B s la c.g-;
Lo 8 S| gadnel 5 Lpp Y oY JKas

yy4




@ i 4 (36 JULS —
C

N

o

P55 LS ol e S s Y o (S

‘wxdjlx-"d“ﬁ)-’

r@‘\)lxbd.ﬁb‘#bgl}

Cmg_dywl
-~

Yéo




" -

FUAPIC FERA s adanls U-ﬂ‘r,:gdb-’"edffﬁﬂfﬁwfwﬁ
U0 e gy ke 2 el sl glas =t b S s Jone 4 S (535 0 0 Ass 5 L 8 st
a - R ) PO £ o P ) f
PG G e 0 S s Sl sl St e e A I
W ,ﬁJW*adth_g‘u;a.éN:i:H/@w Vo glas bl wah Yo C Jore glas STl

L a3 Yo B0 il 5o Aﬁ@rﬁdiﬁdwﬁﬁﬂj
| ki _,;r_}*ftgi_,a_;.'lm
S /\f( )9 C b0 300 slas b g 485 o fiw Loy Gl 80 51 S slen
g o o 53 s sl S @ po el =V T e : La,_lus‘ﬂ S st p3¥ Gl slake 35 0 G155

coﬂ;;ﬁar_gj-j_}_jﬁi}ﬁ_jiwa& thlbr_§1j&J.:-JlLaJL..J.C-J.J

J}ML;AQML .x'ijli-gij;_ﬂ V(% g d QLW)

VY e o(ts — ti)

Cevncp nT= poviCp.aT
" éﬁ’c@m MZ\QBt/\cgwxm’ .
ST 2w _.—ZIQVOOX \f(rvm/5) « NT

J.;]L_s.ow:»#j_;.“[}j#,s

T




" M

r;6|}b6u,§u_§._¢gi§0h4m_\°—\ J s

i I R e R B e ol B2 s

S8 el dp o] LS | 2 0l 56 |0 [R5 o [mYue|  Kw | Keal/Hr hr

Mo ple1|a9|51) 10| sum| a1 | 46 5asi| 220 | 09 [ 700 [ 1200 16 | 14,000 | AWH - 14
sz{:,a‘: 121|197 [117 15 [ =ssu5| 60 | 65 |®W [ 5uss|220| 1.9 [3500|6000| 81 | 70,000 | AFH - 70
293 & 51210] 80 |110 ; 20 | 100

l{‘gf’i:;g 32 :ﬁ 20|50 %’ o2 | | 54| 220 6.5 [4000 (6800 116 | 100,000 AHZ- 100
’ jf;,‘;:eo 80 [175| 22 | 374#| 58 7540 W | ;u|220( 7.5 | 5500 (9300 T
S5 8165 80 [240| 25 ‘i—"‘";’ 65 [ 70 [m: [ . TS e
oy i | s6as| 380 [ 1039500 [16000] 349 | 300,000 | AH - 300
S5 55 [200]125[200{ 30 | (T77) 130 | 200 | @ | S| 380 | 13.8[13000[22000] 465 400,000 | AH - 400

v . . s . .
g gl ol gl g3 s JEYS S e 3‘_ﬁyhdhcﬁiﬁ‘£(;&‘j‘6h°4))§ -

Yy




T T s T T R ; “‘ ‘*f —
n““-’f-‘“‘bﬁu“‘“)-’)’;-f"l o e l oAb el % \:-’T)j}"" I [P |
S | |
1 i )
‘ | | | | I i
| l : 5 - BTUh ! L, BTUh
Sadpea Gub ] al Elee Y b et : ETCLI LEEN l IEYETIIE KN mbm h L 1l e |
‘ ' | |
1 1

| Ratal el VTSR Y | el 3 lety |rd""—‘}c’.)‘)‘”"()~—*-‘t(-'_)")“

— ; i [ : 1 \ "o
I RO Y ECO N ECHE B ES 1. T AT i Y-- ; Yoo E ‘ ‘
'_ s b sbs sAs 0 sl Vo i ¥Y i .- Il &b | @ u

i
1 i ¥
sols b sples b solas o sl Y- % Y- | £ : 7 B ; )
a (BRI AN ! 3ol ; 3ol . Yo ; ¥y D- ‘_ ! ".’Sv_ ; é\; Jj‘j
} T -+ : : i | )
a0 5 S Y Y- ; 123 | Fen ) AS- :
aola l’ sl : als b j‘ b- ; Y- E V.- j

'\/ﬂ( ‘t N Ac VH
3 p3pe pIFIIa 5 BN 33 el el 0 1) Jolss ,\/" g )
{ S2lim sl 18 23,5 3D elud po JH138 302 ) 358 o sk cacbu 33 Tp aapes Slaxi by GRS B s &3> a3 52 ) [ p | CC M)

- e s - F \ 5"
‘J—l‘aL‘L_LQtl&:){c_:,ﬁ"---L)sl,.ul)QJJ'J)JJLjJ}LUa).ﬁLQQCtm)JLQA&:LJiM)’M)A@J)ci:um)|{-_§.n.-)’ﬂ.}/\A Y O
s sk ) Ao Ve el o J3los s3c ) 3gd o xiha cacbn 23 Iat dsess Sl ﬁﬁﬁ@c;ﬁé]ﬁ\ﬂu@}b,}ﬂ_})&-r

[QEEE
\
“ﬁ‘-f—."—‘:—!bW{—aSL)A_-J)_!L}_‘!L\;JM)J)_QUA);A,HLMLw)Jl}bﬁ,.f_i.‘»l_kﬁ,.k&'ql-_ﬁyc))bA@L,e}ﬁjﬁc&w&?)—‘:-z

—

S (o i b 50 B - b
0 Vi) 2V (o) Ak

e jzer B aza ¥ FF Mo ol b (gl slat
-CFM

ol MaS b B % .
o pdae A1 9 Jos sl wéﬂgmﬂ»»ﬂ&n» [ — 56 \ 3
Sad o kel piel el i AL i (o0 o5 JUU e ax -] 7V| .
Spd e yial a8 aad b 2t jrduy Lo gl ) Joee gl 4 0 -v

ERUCINSCIR ST X SERE IR R E S]] bize an o -V

P RN ! N C FA

(\//C‘WI%J (2S5, o% AS_H_

E C.FM E LR : Slas _; L t Cg‘m Z

L. Vo bV '

e v LovA- (Q
R

A L Q\Q (AC’M (3 N

| ! ' N Yev
';w bosoee ] W ‘




Static Pressure
mm H20

[
15
% _|

12_]

N SN N S —

; : - . ]
e v L3000 CEM ) oy viia 07 B by s g5 pan

St duln e

d.n.'vd&l,;;

5200 Llap s dod il el

B 2L IRC PR TP

RNt L

T
1000

i |
- 2000

6 ] =
3000 Looc

5000 |

|
6000

]

|
7000

|
10000

I
11000 |

-

L

|
2000

c

-
=

FM




" <M

—_

Wl s
g DB-TB 1ea—ve_ C(ﬁsz Vel 3 X )-S
Vo Vo
cﬁu:%xw;a:\:i:wxw;a:mm K 5 | Jb—T wh

: 1
Sz b osbe o)l >ar0 WB=VF F 377 bSiso)l>4a>0 DB=1eo'F

\5"”‘19—“’ k_,)_a__J Cud b a 1)35.._;1::1_914;&&;\) oled L.»).n_;dfag.ﬂ_ga clalie L_J_,1J,_5LA_, LTINS 1){;

/ ML;.U’1£QF'GDD cim
- 7 }
L’f’@’fo?bf%&)é/?&r 0&/{@”&/%’#’
U JET

QSZ@L 9\/1[‘7,\40 ‘ 2

7/‘(/\/ L’:"—" Tb\) o Yo




" M

1295 4z g p S0 @b ol Js5 Sl g amlre 550 50

o /) |_be|_....;9.> ..‘IE:J-E.n_.u.....rd.rJLHS Z.al BQJA‘H'HDQ—TQD fpm LfT lﬁLﬁb)JjS LJL..A.‘IE.‘I Sy |5.ﬁb '.:.q.i:)....J :\I 450

-

ST gfogs od dross Lad 1 gl o J55 aics L | IS L ao 0 YO 5 as Lad ol L ST (Y asS

Dges dalglcend 4l 5l S ) cansg o] J55 5l eolaal sl JS L ae e YY 5l i ol b

T‘ -
. m 11t _ o +
Mz lsn Nooo o= o ulla 0o by sbias dliee @l Js5 ol Srae (7 55

.:é)fJESJ: Q‘

yér




" <

qj( I“'((ﬂ,) ,L:JL'_" de
R :ﬂd\l . —
m[;—;'ﬁ' 7;}4 _ WEE — 1':”:' rl IE-'
e’ y : g Jo = Jt‘“%tfjf’\"ﬁjlj

\ o
d)}/}-_/,ﬂ OVJE‘fO?ﬂ g

) where

¢, = direct evaporative cooling saturation efficlency, %~
;1 = dry-bulb temperature of entering air, *C
o = dry-bulb temperature of leaving air, *C

f, = thermodynamic wet-bulb temperature of entering air, *C
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Fig. 1 Typical Random-Media Evaporative Cooler




" A
Random-Media Air Coolers

These coolers contain evaporative pads, usually of aspen wood or
absorbent plastic fiber/foam (Figure 1). A water-recirculating purip
lifts sump water to a distributing system, and it flows down through
the pads back to the sump.

A fan in the cooler draws air through the evaporative pads and
delivers it for space cooling. The fan discharges either through the
side of the cooler cabinet or through the sump bottom. Random-
me dia packaged air coolers are made as small tabletop coolers (0.02
to 0.09 nr'/s), window units (0.05 to 2.1 nr'/s), and standard duct-
connected coolers (2.4 to 8.5 nt'/s). Cooler selection is based on a
capacity rating from an independent agency.

When clean and well maintained, comimercial random-media air
coolers operate at approximately 80% effectiveness and reduce
10 wm and larger particles in the air. In some units, supplementary
filters are added to reduce the particle count of delivered air when
the unit is operating with or without water circulation. Evaporative
pads may be chemically treated to increase wettability. An additive
may be included in the fibers to help them resist attack by bacteria,
fungi, and other microorganismis.




" JE

Random-media cooler designs with face velocity of 0.5 to 1.3 myv's
with a pressure drop of 25 Pa are the norm. Aspen fibers packed to
approximately 1.5 to 2 ke/m¢ of face area, based on a 50 mm thick pad,
are standard. Pads mount in emovable louvered frames, which are
usually made of painted galvaniz=d steel or molded plastic. Troughs
distribute watertothe pads. A centrifugal punmp with a submerged inlet
delivers water through tubes that provide an equal flow of water to
each trough. It is important to thermally protect the pump motor. The
sump or water tank has a water makeup connection, float valve, over-
flow pipe, and drain. It is important to provide bleed water or atimed
dumip of the sump (or both) to prevent build-up of minerals, dirt, and
microbial growth.

The fan isusually a forward-curved, centrifugal fan, complete with
motor and drive. The V-belt drive may include an adjustable-pitch

motor sheave to allow fan speed to increase to use the full motor
capacity at higher airflow resistance. The motor enclosure may be
drip-proof, totally enclosed, or a semi-open type specifically
designed for evaporative coolers.




Dimensions in millimeters

Blower Wheel Diameter: I Width: )

Model No. A B C D E & G H I J
3500 730 | 730 | 890 290 | 355 | 390 | 162 | 365 | 333 | 325
4500 870 | 870 | 1000 | 312 | 488 | 490 | 170 | 435 | 410 | 410
6500 870 | 870 | 1000 | 415 | 480 | 490 | 170 | 435 | 496 | 410

H.P. Approx. Ship. WT.
3500 2 173 220 53
4500 2 172 220 65
6500 2 3/4 220 80
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SOUND ATTENUATORS

The ratings are based upon sound power
level of the fans generated at full load

working point of the units.

For parallel baffle type, the baffle width is 100mm.
The sound ratings has been established for 900

Hz frequency which is the average common
frequency of the fans.

/?AEI Baffle Type

't _'\ [ ™ -
A A AT o~ - e e A P

Table 16 — Sound attenuator ratings (Sound absorbed and
CFM reduction) ( Lined Duct Type )

B

pa sl
SRR DO L P

Lined Duct Type

P

Ma}uml_sjm DSDUEUU CFM reduction due to
S0LIN ahsorbe droo of si "
Unit Morm. power Silencer Type fperft. length FJ'ESSU'”E. rop of siencer (%)
CEM Nevel of the S Silencer length

unit (0B ) (dE) 11t 2ft. 3t

7045 200 62 L Type (50 mm) 21 4 5 g
H Type ( 100mm} - - - _

13045 | 1600 | 67 |peimm} 7 2 2 3
H Type ( 100mm} - - - _

190-45 | 2500 | 70 REEE0mm) 3 1 2 2
H Type ( 100mm} - - _ _

L L Type (50 mm) 15 4 5
[ o H Type (100mrm) 35 41 44 47
L L Type (50 mm) B 1 1 2
130-60 | 3000 57 T (00 = - = =
190-60 | 4500 | 7o |LlEeGOmml o 1 1 1
H Type (100mm) 3 4 B g

L L Type (50 mm) 13 2 3 4
TO-T0 1700 67 e e o = = =
L L Type (50 mm) o 1 1 1
130-70 | 3300 70 e e = - 5 =
L L Type (50 mm) 3 1 1 1
190-70 | 5500 73 e e = g - -

YoA




B o Table 17 - Sound attenuator ratings (Sound absorbed and CFM reduction)
( Parallel Baffle Type)

haim um Silencer CFM reduction due to pressure
Unit Mom. | sound power Cross Sound ansorhed (05) drop of silencer (%)
CFM level of the Section Silencer length Silencer length
unit* (dB) Cpenarea ™ 2 1. 3 1. 11t 21t 3.
A% 15 27 26 2 2 3
7045 800 B A0% " " N v : i
3% 2 a0 37 11 14 16
BE% 15 27 25 1 1
13045 | 1600 sTi 50% 18 29 23 2 2 4
3% 2 28 24 13 15 17
BE% 145 27 36 1
19045 | 2500 70 50% 17 28 25 1 y 3
33% 22 29 A0 13 15 17
BE% 14 24 37 2 2 3
7060 | 1400 £ 50% _ _ _ _ _ _
33% 17 23 24 14 15 18
g | 14 24 30 1 1
130-60 | 3000 67 so% | 16 24 25 3 4 5
3% | 18 22 23 15 16 18
BE% 14 24 20 1 1 2
19050 | 4500 7 A0% 17 23 24 4 5 5
33% 14 23 24 14 16 18
6% - - - - - -
70-70 | 1700 67 50% 17 24 26 7 g g
33% - - - - - -
6% | 16 25 28 2 2 3
130-70 | 3300 70 so |17 22 25 7 3 g
1% | 18 20 27 71 03 25 ved
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