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AIR-CONDITIONING LOAD DATA

Cooling Loads. Obtain appropriate weather data and select design conditions. In addi-
tion to the conventional dry-bulb with mean coincident wet-bulb. also consider dew-point with
mean coincident dry-bulb, particularly with spaces requiring large amounts of outdoor air or
close control of moisture. Select indoor dry-bulb, wet-bulb, and ventilation rate, including
permissible variations and control limits. Consider proposed schedules of occupancy, lighting,
and processes that contribute to the intemal load Several different times of day and months
nmst frequently be analyzed to determine the peak load time

ANSUASHRAE/ACCA Standard 183-2007 sets the mini d
tial load calculations.

Currently there are two ASHRAE cooling load calculation methods. The first is the heat
balance method whose equations are coded in a generic computer program, linked to a user
interface program. The source code for these programs is in the ASHRAE Load Calculation
Toolkit.

The second method is the radiant time series method, a simplification of the heat balance
method, still requiring a complex computer program for a multi-room building.

Due to the vanation in heat transfer coefficients, precision of construction, and manner
of actual bulding operation, a cooling lead calculation can never be more than a good estimate
of the actual load.

For preliminary estimation of the cooling load the figures herein are a very rongh guide.
The approximate cooling load calculation methods presented herein are useful to the expen-
enced designer.

To design and size ts of central air-conditioning systems more than the cool-
ing load is needed. Type of system. fan energy and location. direct heat loss and gain, duct leak-
age, heat extracted from lights, and type of retumn system must all be considered.

Heating Loads. Similar calculations to cooling load are made. but temperatures outside

4 conditional spaces are usually lower than space temperatures mamtained. Solar heat gains, and
internal heat gains are not included and thermal storage of ulding structure or comtent is
usually ignored. This is usually sufficient to cope with a worst-case situation. There is very
often need for cocling in cold months, for perimeter spaces with high solar heat gain and infe-
rior spaces with significant heat gain.

ds for
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Cooling Load Check Figures
l.igh!uu! Refrigeration Supply Air Rate CFW/Sq Ft
Occupancy Other Electrical Sq Fu/Ton}
Sq FtPerson Watts/Sq Ft ) - East-South-West North Internal
Classifications Lo Av Hi Lo Av Hi Lo Av Hi Lo Av Hi Lo Av Hi
Apartment, High Rise 325 75 100 450 400 350 0.8 1.2 L7 0.5 0z 1.3 - - -
urches, Theaters i5 ii 3 400 1230 %W - - - - - - .o 30
3 25 20 240 i85 i50 i id 22 0.5 i3 26 (08 iy
0 as n 150 ton 20 136 185
t Manufacturing 200 1150|100 150 100 |- - - - - - 16 125 138
Heavy Manufactunng* 200 250 |300 80 60 - - - 25 |40 |65
Hospitals Patient Rooms 0 50 25 220|165 |10 0.8 12 07 |10 |13
Public Arcas 100 |80 S0 140 1o 1.0 1.0 1Ll 095 |10 L1
Hotels, Motels, Domnitones 200 150 100 300 220 Lo 0.9 12
Libranes and Museums 0 60 40 80 (200 |i0 0.9 i 09 1i0 i
- Buiidings 36 (16 80 28 i%0 10 0.5 i3 08 10 i
% Private Offices 150|125 | 100 - - 12 11 15 08 |12 |14
Stenographic Department 100 |85 0 - - - - - - 09 1.3 20
Residential Large 600 (400 200 600 S00 380 08 05 08 - - -
Medium | 600 (360 |200 700 |S50 |400 |07 05 107 - - -
Restaurants Large 17 15 13 135 100 80 1.8 1.2 16 0.9 1.1 14
Medium 150 120 100 1.5 1.1 14 0.9 1.0 1.3
Shopping Centars, Department Stores.
and Specialty Shops
Beauty and Barber Shops a5 40 25 3o0f [s.0f [90f [240 (160 105 |15 26 42 1.1 17 26 13 |20
Malls 100 |75 50 10 |15 (20 |35 (230 [160 |- - - - LI |18 |25
Refrigeration for Central Heating and
Cooling Plant
Urban Distncts 475 285
College Campuses 400 240
Commercial Centers 330 200
Residential Centers 625 375
ReTngemtion and air quantities for applications listed in this able of cooling Toad check re based on all-air sysie m and nomnal ouldoor air quantities for ventiation except as

noted.

Nates:

tRefrigeration loads are for entire application

*Air quantities for heavy manufacturing areas are based on supplementary
means to remove excessive heat
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Summary of Load Sources and Equations for
Estimating Space Design Cooling Load

Load Source Equation Reference, Table, Description
Ex . Design heat mransmission coelicients,
TerTial - pp. 144-149
Roof 4= UA(CLID) Areas calculated from plans CLTD,
pp. 150-151
7 - Design heat ransmission coefficients.
Walls q=U4(CLTD) Pp- 144 140
Areas calenlated from plans CLTD.
pp. 152-154
Glass _ Glass area calculated from plans
Conduction g= UA(TD) U-factors p. 141
Solar Coolinz Load factors, 155-156
Shading coefficients for combination of glass
and internal shading, p. 157
Glass Solar q=4(5C)SCL Compute shaded area from building
projections
Extemally shaded glass: use north orientation
data
Partifions, Design heat ransmission coelicients,
Ceilings, gq=UA(ID) pp. 144-149
Floors Area calculated from plans
Tnternal - t rating from electrical plans or
Lights g=INFUT iehting fxrare dats. pp. 139-161
Number of people n space
Pmssns}eible g, =No. (Sens. HG.) S?Siglge heat gain from occupants, Bwh,
Latent qy=No. (Lat HG) Latent heat gamn from occupants, Btwh
Equipment and _ Fecommended rate of heat gain—
< “Appliances 4= HEAT GAIN pp. 161170
Fower g = HEAT GAIN p 162
“Thfilration Air
Sensible g;=1.10 CFM {At) Inside-outside air temp diffe .°F
Latent qr=4840 CFM (aTy)  Loside-oulside air humidity ratio difference,
- Inside-outside air enthalpy difference,
Total q=4.3 CFM (ah) Bulhda !

CAUTION: Apgrosimars datz—Use for praliminary comgumsions only. Ses ASHRAE Cooltng and Heareg Load Calculanon Appiicancns
Manwal (Sgitiar 300B), and ASHRAE l.aad Caloulanon Toolk
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Heat Flow (Q) Through Building Materials

(In addition to heat flow through ulding materials the resistance of surfaces and air
spaces must be included in calculating U-factors.)

Q(Btwh) =1 x Area (ft?) x (temperature difference (°F)

where U = overall coefficient of heat transmission, Bhuh—ﬂ2-°}'J of materials + interior and exte-
Tior Tesistances

1/U=ZF (resistance of components)
For multiple layers of homogeneous materials, B values are added in series:
U = Regu surtace + B + Ro + Ry ey sursace
For wood stud walls, studs 167 on mh_srotm:: parallel):

VU =Rqig surtace * W} * Ruyvanm swface
. . - space

(Plus, in senes, Ripquzsion. Fesding: Rwallboard: €16

For metal framed construction, heat flow through the metal causes thermal bridging
increasing the U value significantly.

Conductive Heat Flow Through Glazing
Solar radiation gain through glazing is usually more significant in cooling load calcula-
tions than conductive heat gain. Solar heat gain 1s neglected in heating load calculations.

Conductive heat flow through glazing inchiding surface resi (approxi data)
Single glazing  U=1.1
Double glazing =033

Triple glazing U=033

Air Space CoeMcients for Horizootal Heat Flaw

AirSpoce Coelficient &y, Btuh-p2F

Spﬁl:'ll'rli&- Air Space  Air Temp. [ffective Erelutance &

ness,in. Temp,'F DUL,F 052 0.z 008
[ 5 0 088 [ [ED
35 1.0 057 47

90 110 067 057

32 w Lo% 050 [

55 1.08 057 045

90 117 067 [R5]

30 0 2] 053 53

55 114 158 044

o0 113 06T 033

5 0 126 [ 04z

55 130 06z 043

k] 136 067 0,51

FE] [ 3 [ [0

35 150 04T 047

o0 153 (UGH 0.5

0z a <0 L3 [EE) 0.8
3z =00 1.50 100 0.88

0 <l Ll 105 nsl

# <50 183 Lia 0ns7

10 <00 207 124 14

14
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Surface Conductances and Resistances for Air
Surface Emittance, £
Non- I
reflective Reflective E)E " E
= =02 = 5
Position of Directionof __ =020 £=0.20 s=008 = 3 I
Surface Heat Flow h; R h; R h; R W . >
STHLAR . g é
Horizontal Upward 163 061 081 L0 076 131 Effective Thermal Resistance of Ventilated Attics® (Summer Condition) 8 i
Sloping—45° Upward 160 062 088 114 073 1.37 - — = =
Vertical Hozonal 146 068 074 135 039 L7 Part A. Nonreflective Surfaces Y
Sloping—45° Downward 132 076 060 1.67 045 222 Not Ventilation” Natural Ventilation Power Ventilation® g [~}
Horizontal Downward 108 082 037 27 22 453 Ventilation Rate, cfm/f® g - g
n
[=] [y —
MOVING AIR. (Any position) lg R Sol-Air® 0 ol 0.5 10 1.5 c <
15-mph Wind Any 800 017 — = — — Ventilation Alr  Temy Ceiling Resistance RY, °F-* WBtu ?n =
(for winter) ’ © o tare,OF i 25 i 25 i 25 1o 25 [0 26 = S
7.3-mph Wind Any 400 035 —  — — = 120 5 5 75 34 63 95 96 6 il 20
(for summer) 80 i40 iy i9 28 3.5 6.5 i 9.8 i7 iZ Zi
o 6l iy iy 28 36 6.7 ii it is i3 22
1. Surfice condactance i, 22 i, maured £ F. rsistanca R 2 F -850 =
s e e e i s e iy 19 19 22 23 33 a4 40 60 41 69 B
N e - . et s Vs e 1.9 1.9 24 27 42 6.1 58 87 6.5 10
‘bazed ca a surface-ai temperaturs differsace of 10°F ad for mrface tesperanes of T0°F. 1.9 1.9 2.6 32 5.0 7.6 7.2 11 8.3 13 =
4. Condamsate can b a3ig ) @
= (8] (8] X1 X T3 T7 T7 75 9 3T =X
) & 6.5 6.5 82 9.0 14 18 18 26 20 31 )
Emirtance Values of Various Surfaces and Effective Emittances of Air Spaces® 6.5 6.5 83 9.2 15 18 19 27 21 32 e Z
3
1 Effective Emittance 1 120 6.5 5 7.0 74 8.0 10 8.5 12 8.8 12 g
S of Air Space 100 140 6.5 5 73 78 10 12 11 15 12 16 a
R — 160 6.5 .5 7.6 8.2 11 14 13 18 15 20 =
.-\rt:r:lge Onf Surface Both “Although the term effective resistance is sed when there is attic «
Emittance Emittance &;  Surfaces wventilation, this table includes values for situations with no ventilation. The effective 2
Surface € Other, 0.9  Emittance = resistance of the attic added to the resistance (1/U) of the ceiling yields the effective
Alummmum Toil, brght 005 05 03 resistance of this combination based on sol-air and room tem peratures. These values  “When determining ceiling resistance, do notadd the ¢ flect of a reflective surface <
§ R I . . - : : apply to wood frame construction with a roof deck and roofing that has a conductance  facing the attic, as it is accounted for in part B of this table.
Aluinum foil, with condensate just visible of 1.0 Buwh-ft*°F. “Roof surface temperature rather than sol-air temperature can be used if 0.25 is
(=07 gr/ft) 030 029 - This condition cannot be achieved in the ficld unless extreme measures are taken to b 1 from the attic resi shown. .
Alumnum foil,_ with condensate clearly visible tightly seal the attic. TSurfaces with effective emittance g~ 0.05 between ceiling joists facing attic -
(=29 g;r.-'ﬂz) 0.7 0.65 — “Based on air discharging outward from attic. space. :
Aluminum sheet 0.12 0.12 0.06
Aluminum coated paper, polished 020 020 011 @
Steel, zalvanized, bright 013 024 0.15
Aluminum paint 0.50 047 0.35 0
Building materials: wood, paper, masonry, &
nonmetallic paints 0.90 0.82 0.82 S
Regular glass 0.84 077 0.72 < > =
*Thazs vaines apply in the 4 to 40 um rangs of the eectromagmetic spoctums. A *
142
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Typical Thermal Properties of C and | Materials—Design Values
Resistance (R)
Conductivity Conductance Per Inch For Thickness Specific
(k), O, Th kkn:i (1), Ll!ednsl 10), eat,
Densi Btu-in Btu OF -ft*h Fft*h Btu
Description 1 hefed °F hefe?-°F Btuin Btu Ib-°F
BUILDING BOARD
Gy psum or plaster board . in, 50 222 0.45
Plywood (Douglas Fir) .5 in. 34 - 1.60 - 0.62
Plywood or wood panels . .75 in. 34 — 1.07 — 0.93 0.29
Vegetable fiber board
Sheathing, regular density .......o.oovvvernvvvinnnens 0.5 in. 18 — — 1.32 0.31
0.78125 in. 18 —_ —_ 2.06
0.5 in. 25 _— —_ 1.06 0.31
i 8 — — 094 0.31
i8 — . — 078
Tile and iay-in pancis, piain or acoust is 0.40 —_ 2.50 — 0.4
. 18 - 0.80 - 1.25
18 — 0.53 — 1.89
Hardboard
High density, service-tempered grade
and Servioe Zrade ... 55 0.82 - 1.22 - 0.32
Particleboard
Medium density 50 0.94 — 1.06 — 031
BUILDING MEMBRANE
Vapor—p ble felt - 16.70 - 0.06
Vapor—seal, 2 layers of mopped 15-Ib felt _— —_— 8.35 - 0.12
Vapor—seal, plastic film . - - - - Negl.
FINISH FLOORING MATERIALS
- - 0.48 — 2.08 0.34
- - 20.00 —_ 0.05 0.30
0.19
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Typical Thermal Properties of Common Building and Insulating Materials—Design Values (Continued) % = ;‘3
5
Rech (R) 8‘ ?,
Conductivity Conductance Per Inch For Thickness Specific ol <
( 0O), Thkkn:} (17k), Linednsllc‘)‘ Heat, g T I
Dens Btu-in tu °F-ft*-h F-ft*-h Btu e LEs
i 1, hefed °F h-fd-oF Btu-in Btu 1b-°F 3 2
i — = 147 — 0.68 o 2
1=
0420 - 0.033 - 30 E
Board and Slabs =
Cellular glass 8.0 0.33 —_— 3.03 —_— 0.18 4
— Glass fiber, onganic bonded..... . 4090 0.25 - 4.00 - 0.23 Q.
& Expanded perlite, onganic bonded 1.0 0.36 - 278 - 0.30 ~
Expanded rubber (rigid) ..... a3 0.22 — 4.55 — 0.40 &
Expanded polystyrene, extruded (smooth skin surface)
(HCFC-142b exp.) 1.8-3.5 0.20 — 5.00 — 0.29
Expanded polystyrene, molded beads ..........coouvienininns 1.0 0.26 B 3.85 B —
1.25 0.25 — 4.00 — — -
1.5 0.24 - 417 — — =
Cellular phenolic (open cell) 1.8-2.2 0.23 - 4.40 - —_ &
Mineral fiber with resin binder ..., 15.0 029 — 345 — 017 B
Mineral fiberboard, wet felted
Core or roof insulati 16-17 0.34 - 294 — —
A ical tile 18.0 0.35 — 2.86 — 0.19 H
Mineral fiberboard, wet molded .
A ical tile 230 0.42 — 238 - 0.14
Cement fiber slabs
(shredded wood with Portland cement binder).......... 25-27.0 0.50-0.53 2.0-1.89 — @
%]
<]
-
< > 5
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Typical Thermal Properties of Common Building and Insulating Materials—Design Values (Continued) % = F
5
Resi (R) S s
)
Conductivity Conductance PerInch For Thickness Specific ol <
( (), Thkkn:} (1/k),  Listed ng 10), Heat, g T I
Densi Btu‘in Btu °Fft**h F-ft**h Btu e LEs
ip 1 hefed °F h-fd-oF Btu-in Btu 1b-°F 3 =
Loose Fill 2 i
Cellulosic insulation (milled paper or wood pulp)........ 2332 0.27-0.32 — 3.70-3.13 — 0.33 1=
027031 -— 3733 — 026
— 3 — —
— 2, - - —
&
— - - e 8.7
— — — 190 — z
noan e Py ~
N .47 — 243 — 6.32 o
F 0.44 — 227 — — ,:":
ROOFING &
Built-up roofing 70 — 3.00 — 0.33 0.35
Slate - - 20.00 - 0.05 0.30
Wood shingles, plain and plastic film faced ............ — — 1.06 — 0.94 0.31
PLASTERING MATERIALS %
Cement plaster, sand AZErEgate .........c...vevrrrreerrs 116 5.0 - 0.20 - 0.20 °
Gypsum plaster: <
Lightweight aggreg: 0.5in. 45 —_ 302 —_ 0.32 —_
Perlite aggregate. 45 15 —_ 0.67 - 0.32
Sand aggre g 105 5.6 — 0.18 — 0.20 =
Sand aggregate on metal lath...........c.ccouinninininns —_— —_— 7.70 — 0.13 —_ .
Vermiculite aggregate 45 1.7 - 0.59 - -
MASONRY MATERIALS @
Masonry Units
1)
<]
-
< > 5
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Typical Thermal Properties of Common Building and Insulating Materials—Design Values (Continued)

Resi (R)
Conductivity Conductance Per Inch For Thickness Specific
( O), Thkkn ﬁ! (17k), Linednsl 10), Heat,
Density, Btu-in Btu OF-ft**h Btu
ip 1% hefidoF hefed-oF Btu-in Btu 1b-°F
Brick, fired clay 150 8.4-10.2 — 0.12-0.10 - —
Clay tile, hollow
1 cell deep 4in. —_ — 0.90 —_ L1 -
2 cells deep 8 in. - _ 0.54 - 1.85 -
3 cells deep 12in. —_ —_ 0.40 —_ 250 —_
Concrete blocks
Medium weight mw (combinations of normal weight and
lightweight aggregat:
8in., 26-29 Ib, 97-I 12 It concrete, 2 or 3 cores... — — 0.58-0.78 — 1.71-1.28 —
Same with perlite filled cores.. — — 0.27-0.44 — 3.7-23 —
Lightweight aggregate (expanded shnle ch), shle orslag,
pumnce)
6in., 16-17 1b 85-87 I/A* concrete, 2 or 3 cores.. - 0.52-0.61 - 1.93-1.65 -
Same \vnh perlite filled cores.. — —_ 0.24 —_ 42 —_
Same wi iculite filled cores — — 0.33 — 3.0 —
8 in., 19-22 Ib, 72-86 I/ft° concrete - 0.32-0.54 - 3.2-1.90 021
Same with perlite filled cores - — 0.15-0.23 —_ 6.8-4.4 —_—
Same with iculite filled cores - - 0.19-0.26 - 53-39 -
Same with molded EPS (beads) filled cores. - — 021 B 48 -
Same with UF foam filled cores. - - 0.22 — 4.5 —
Same with molded EPS inserts in cores . — — 029 -_— 35 _—
Stone, lime, or sand 180 72 - 0.01 - _—
Quartzitic and sandsnne 140 24 — 0.04 — —_
Calcitic, dolomitic, limestone, marble, and granite... 180 30 —_ 0.03 —_ _
140 16 - 0.06 - -
Gypsum partition tile
3 by 12 by 30 in., SOld ....oovvvrrrrrinsisissssiinnns - — 0.79 - 1.26 0.19
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Typical Thermal Properties of Common Building and Insulating Materials—Design Values (Continued)

Resi (R)
Conductivity Conductance Per Inch For Thickness Specific
( X Thkkn# (17k), Linednsl 10), Heat,
Densii Btu-in OF ft*h OF-ft**h Btu
ip 1% hefidoF hefed-oF Btu-in Btu 1b-°F
Concretes
Sand and gravel or stone aggregate concretes (concretes with 150 10.0-20.0 - 0.10-0.05 - —
more than 50% quartz or ities in 140 9.0-18.0 — 0.11-0.06 — 0.19-0.24
the higher end of the rang: 130 7.0-13.0 — 0.14-0.08 - -
Li 140 1.1 B 0.09 B —
120 79 — 0.13 - -
Gypsum-fiber concrete (87.5% gypsum, 12.5%
chips) 51 1.66 - 0.60 - 0.21
C flime, mortar, and stucco 120 9.7 —_ 0.10 — —_
Lightweight aggregate concretes
Expanded shale, clay, or slate: expanded slags: cinders: pumice 120 6.4-9.1 — 0.16-0.11 — —
(with density up to 100 Ib/f1”); and scoria (sanded concretes
have conductivities in the higher end of the range)... 60 2.1-25 s 0.48-0.40 s —
Perlite, vermiculite, and polystyrene beads............... 50 1.8-1.9 — 0.55-0.53 — —
30 1.1 — 091 —_— —_
Foam 120 5.4 —_ 0.19 —_ —_
SIDING MATERIALS (on flat surface)
Shingles
Wood, 16 in., 7.5 exp — — 1.15 — 0.87 0.31
Wood, double, 16-in., 12-in. eXposure ........ccomuins —_ _— 0.84 —_ 119 0.28
Siding
Asphalt roll siding 6.50 0.15 0.35
Asphalt insulating g - - 0.69 _— 1.46 0.35
Hardboard siding, 0.4375 in, —_ -_— 1.49 -_— 0.67 0.28
Wood, drop, 1 by 8 i — - 127 — 0.79 0.28
Wood, bevel, 0.5 by 8 i — 1.23 0.81 0.28
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QIO D ®

Typical Thermal Properties of Common Building and Insulating Materials—Design Values (Continued)

Resi (R)
Conductivity Conductance Per Inch For Thickness Specific
(k O), Thkkn# (17k), Linednsl 10), Heat,
Density, Btu-in tu OF ft*h OF-ft**h Btu
ip 1% hefidoF hefed-oF Btu-in Btu 1b-°F
Wood, plywood, 0.375 in., lapped — — 1.69 — 0.59 029
Aluminum, steel, or vinyl, over sheathing
Hollow-backed —_ - 1.64 - 0.61 0.294
Insulating-board backed nominal 0.375 in. - — 0.55 — 1.82 0.32
Insulating-board backed nominal 0.375 in.,
foil backed — — 0.34 — 296 —
Architectural (soda-lime float) glass ..., 158 6.9 — — — 0.21
WOODS {(12% moisiure conieni)™"
Hardwoods 0.39°
Oak — . —
Birch _— 0.87-0.82 -
Maple 39.8-44.0 - 0.92-0.84 -
Ash 38.4-41.9 - 0.94-0.88 -
Softwoods 0.39°
Southern Pine 35.6-41.2 1.00-1.12 — 1.00-0.89 —
Douglas Fir-Larch ..., 33.5-36.3 0.95-1.01 —_ 1.06-0.99 —
hern Cypress 31.4-32.1 0.90-0.92 —_ 1.11-1.09 —_—
Hem-Fir, Spruce-Pine-Fir... 245314 0.74-0.90 - 1.35-1.11 —
West Coast Woods, Cedars.. 21.7-31.4 0.68-0.90 — 1.48-1.11 —
California Redwood 24.5-28.0 0.74-0.82 — 1.35-1.22 —
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Cooling Load Temperature Differences for Flat Roofs—24°N Latitude, July Notes for CLTD Data for Flat Roofs
Roof Solar time, h 1. Data applies directly to: (1) dark surface, (2) indoor temperature is 78°F, (3) cutdoor max-
N 3 4 6 5 L 1 W 16 15 » 2 recision e f e ey on 21t dey of mon, (5 outde sufie o et o033
- - radiation typical of clear day on 21st day of month, (5) outside surface resistance of 0.
1 - -3 6 9 476 09I 8% 38 13 8 A2 F)/Bi d ide surf: i £0.685 (h-f2“F)/Bf
2 0 4 s 1 3 6 % W 0 3% 14 (@A F)/Btu, and (6) inside surface resistance of 0.683 (b & “F)Bru.
3 8§ 2 -2 3 12 4 6 711 6 4 29 L4 to design temp _
4 13 2 45 7 55 75 80 67 43 Com. CLTD = CLID + (78 - i) + (f, — 83)
5 16 8 3 1 o 30 52 68 70 % 41 where #, = inside temperature and 1,, = mean outdoor temperature, or f,, = maximum outdoor
8 4 17 11 9 4 27 4 34 58 32 42 4 ture — (daily 32
9 35 16 9 4 5 7 3% 4 65 6 51 emperat y rangeks o . N
10 31 2 15 9 g 16 0 45 56 59 52 Mo adjustment recommended for color or for ventilation of air space above a ceiling.
13 a2 20 16 16 22 3 043 40 40 43 For design purposes, the data suffices for plus or minus 2 weeks from the 21st day of given
14 32 27 2 19 19 24 32 40 45 45 42 month .
Cooling Load Temperature Differences for Flat Roofs—36°N Latitude, July Roof Classifications for Use with CLTD Tﬂ}llﬂ for Flat Roofs
<In.
Solar time, h (heavywe AtticCei
Roof Mass Suspended  R-Eactor, Wood  ight) Steel  ling
No. 2 4 13 8 10 12 14 16 18 0 22 Location Ceiling h-ﬂf"F-'Btn 1in oncrete Deck Comb
T =T = 5 1I 45 73 W ¥ & % ¢ Do IO : z i N
2 0 4 -6 4 32 63 84 7 3915 Without 10to 20 * 4 * *
3 8 2 -2 4 4 47 67 75 68 48 30 Mass 200 25 * 3 * *
4 1 3 -1 3 7 2 55 479 61 45 2 inside B
3 16 8 3 2 12 31 32 77 ¢ 4 27 insul ) Oto3 * 5 * *
8 2 7 12 9 15 X 1 34 8 3 4 3B With St010 : g : :
9 2% 16 9 4 7 19 37 34 6 6 32 38 1010 20 : 13 : :
10 2023 15 10 9 17 30 45 36 8 52 42 201025 14
4 13 31 25 20 16 17 2 33 043 49 49 M4 3T 4 4 - 4
14 32 28 3 20 20 25 32 40 45 46 42 37 Oto3 1 2 1 1
Without Stol5 2 * 1 2
Mass 15t0 23 4 * 2 2
evenly
placed Oto3 * 3 1
Cooling Load Temperature Differences for Flat Roofs-—48°N Latitude, July Sto 10 4 * 1
e E—— With 10to 15 5 * 2
olar time, 15t0 20 9 * 2 *
Roof - 01025 10 * 1 .
No. 2 1 6 8 w 12 14 16 18 @ 1 M
1 T 5 5 I3 #& e T B ] z Oto5 * 2 * *
2 0 -4 -5 6 2 6 78 81 68 4 16 3 St 10 * 3 * *
3 8 2 -1 6 4 45 6 7 65 48 30 1 Without 10to 15 * 4 * *
4 123 -1 -2 8 2 352 6 74 6 4 2 Mass 15t023 * b) * *
3 16 8 3 3 13 31 49 463 66 58 42 7 outside
8 24 17 11 10 16 7 40 51 55 51 2 2 insul. 01010 3 * *
9 26 16 9 5 8 19 35 51 60 61 51 38 With 10to 15 * 4 *
0 31 2 15 10 10 17 29 43 33 56 51 41 1510 20 * 5 * =
13 30 23 20 16 18 24 32 41 47 4T 43 37 B : : :
@003 03 3 3 30 M 31 38 a3 44 41 36 Denotes roof that is not pessible with the chosen parameters
CAUTION: Approxi data—Use for preliminary computations only.
Also, see notes on next page.
150 151
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Approximate Cooling Load Temperature Differences (CLTDs) for Sunlit Walls—24°N Latitude, July §_
Wal Solar time, h Solar time, h Solar time, h 2
Facing 6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 2 6 8 10 12 14 16 18 20 g E
°
Low Mass, Low R-Factor Wall Low Mass, Medium R-Factor Wall Low Mass, High R-Factor Wall 3
N -2 13 18 22 28 32 34 17 1 0 6 13 18 23 28 30 -2 2 12 18 23 28 32 29 g
NE ¢ E 12 2 322 3 3 33 o » =2 ¢ 3% 46 38 2 20 22 L)
o 44 65 48 32 i3 i 3 22 45 46 40 G 0B -2 i 42 35 44 35 0 25
25 44 42 32 30 24 13 0 1 13 28 35 35 32 77 -2 4 26 40 38 33 29 22 L
3 12 24 31 30 23 13 [ I | 7 16 24 27 25 2 -1 4 13 24 29 28 22 0
3 13 22 40 58 52 20 1 -1 1 7 15 20 43 @ 2 -1 5 13 24 42 54 u
3 22 2 o2 2 e 2 7 1530 52 4 -1 -1 5 13 23 4 69 61 =
3 i3 22 37 ez o7 25 i 0 2 7 i5 27 4 s -i =i 3 i3 22 40 o0 55 ‘6)
3 8
High Mass, Low R-Value Wall High Mass, Medium R-Value Wall High Mass, High R-Value Wall ]
N 3 37 12 16 21 25 27 0w 8 8 10 12 15 18 21 2 9 8 8 10 13 16 19
NE 3 6 20 31 33 32 31 27 m 9 14 21 25 2 27 26 13 10 10 15 21 24 27 27
E 4 6 22 36 39 36 33 29 12 10 15 24 29 30 30 2 4 11 11 17 24 28 30 31 -
SE 3 4 14 25 30 30 30 2 10 8 m 17 21 24 25 2 13 10 9 12 17 21 24 25 =
S 3 1 i 7 14 20 23 22 8§ 6 5 6 10 14 17 18 0 8 6 507 0 14 17 &
SWo5 i 4 8 14 20 38 40 13 10 9 9 1mn 17 24 3 17 13 10 8 9 12 18 25 .
w7 4 4 8 15 28 45 351 17 13 11 11 13 18 28 36 21 16 12 10 11 13 20 30
NW 6 3 4 8 14 25 40 46 15 12 10 10 12 17 25 32 19 14 11 9 10 12 18 26
CAUTION: Approximate data—Use for preliminary computations only. E
v
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Approximate Cooling Load Temperature Differences (CL'TDs) for Sunlit Walls—36°N Latitude, July n §
Wall Solar time, h Solar time, h Solar time, h §
Facing 6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20 g T
Low Mass, Low R-Factor Wall Low Mass, Medium R-Factor Wall Low Mass, High R-Factor Wall c %
N~ 12 14 21 28 29 30 0 0 5 10 16 22 2 27 -2 3 9 15 21 27 28 27 5
NE 1 41 46 30 29 29 24 0 4 21 33 33 31 30 27 -2 12 3 39 32 30 28 23 g
E 1 49 64 48 31 30 24 14 T4 26 45 47 40 34 29 2 14 46 56 45 34 30 23 &
SE -i 31 52 52 36 30 24 i4 i 2 i6 34 44 41 35 0 =2 7 31 48 47 37 3103
S -3 4 18 39 47 40 25 14 0 -1 2 125 36 38 32 -2 =1 6 21 37 4 37 25 .
SwW -2 4 13 23 50 67 59 23 T 0 2 8 17 34 51 54 -1 -1 5 13 28 50 62 51 2
w =2 4 13 21 42 M 1’ 3 2 0 2 & 15 30 52 63 -1 -1 5 1323 46 69 65
NW -2 4 13 21 29 55 65 28 P62 8 15 24 3% S5 2 -1 5 3021 33 5 55 %
[=]
z_; High Mass, Low R-Factor Wall High Mass, Medium R-Factor Wall High Mass, High R-Factor Wall N
N 3 3 6 10 15 20 23 25 9 7 8 9 m 14 17 19 1m 9 7 7 9 1m 14 17 &
NE 307 20 28 29 29 29 26 10 9 14 20 23 24 25 25 13 10 10 15 19 22 24 25
E 4 8 25 38 40 37 M4 29 12 11 17 25 30 31 31 30 15 11 12 18 25 30 31 31
SE 4 5 17 30 37 36 33 29 12 10 13 20 26 29 29 28 4 11 10 14 20 26 29 30 -
S 3 2 4 1 22 31 33 29 10 8 7 9 4 20 24 25 13 10 7 7 10 15 21 24 %
SW 6 3 4 8 16 31 44 46 15 12 10 10 13 19 28 34 19 15 11 10 10 14 21 29 &
w 7 4 5 9 15 28 46 54 17 14 12 11 13 18 28 37 2 17 13 11 11 14 2 30 4
NW 6 3 4 8 14 22 35 43 4 11 10 10 12 15 22 30 18 14 11 9 10 12 17 24
CAUTION: Approximate data—Use for preliminary computations only. E
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Approximate Cooling Load Temperature Differences (CLIDs) for Sunlit Walls—<48°N Latitude, July 73 = 2_
CAUTION: imate data--Use for preliminary ions only. § a
wan Solar time, h Solar time, h Solar time, h g o <
Facing 6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20 2 E =
5 e
Low Mass, Low R-Factor Wall Low Mass, Medium R-Factor Wall Low Mass, High R-Factor Wall 5 ?
310 13 021 027 28 21 21 12 6 10 16 21 25 2% -1 5 9 14021 2% 27 27 Ig 5
i 42 38 26 28 29 24 15 i 7 25 31 36 29 28 26 G i8 36 34 28 28 28 23 =
10 54 64 47 31 29 25 15 1 8 30 47 48 40 34 29 0 20 49 57 44 34 29 23
4 36 59 61 45 31 25 15 14 20 40 51 49 40 32 -1 11 36 55 56 43 33 24 N
-2 5 28 52 62 51 29 15 1 0 3 16 34 48 50 40 -1 0 9 30 50 57 47 30 b4
-1 s 2 .20 59 75 65 29 2 0 3 g 20 B -t 0 & 14 33 58 60 7
i 3 i3 21 4 72 86 40 2 6 3 8 05 2% 5 o4 -i 6 6 i3 22 45 o9 o9 §
- 2 5 12 21 27 45 62 37 2 0 2 8 14 2 M 4 -1 0 5 13 20 29 46 54 Q.
z N
High Mass, Low R-Factor Wall High Mass, Medium R-Factor Wall High Mass, High R-Factor Wall <
N 3 4 6 10 14 19 22 24 9 8 8 9 m 4 17 19 12 9 8 8 9 1 14 17
NE 4 10 22 26 26 27 27 25 10 10 15 20 22 23 24 24 13 10 12 16 19 22 23 24
E 4 11 28 40 40 37 M 29 12 12 19 27 32 32 32 30 15 12 14 20 27 31 32 32 P
SE 4 7 20 35 4 42 38 32 13 12 15 23 30 34 34 32 1612 12 17 24 30 34 34 ®
S 5 3 6 16 31 41 43 37 13 10 9 12 19 27 32 33 16 12 10 10 14 21 28 32
SW 7 4 5 9 19 36 50 52 18 14 12 12 15 23 32 39 2 17 13 11 12 16 24 33 <
W 8 5 6 9 15 27 45 55 19 15 12 12 14 19 28 38 23 18 14 12 12 14 20 30
NW 6 4 5 8 14 20 31 41 14 11 10 10 12 15 20 28 18 14 11 9 10 12 16 22 .
Note 1. Apply data directly to (1) dark surface, (2) indoor -
temperature of 78°F, (3) outdoor maximum temperature of Corr. CLTD = CLTD + (78 ~ 1,) + (t,, - 85)
95°F with mean tem perature of 85°F and daily pnge of 21°F, where 1, = inside temperature and 7, = mean outdoor temperature, or 1, = maximum outdoor
(4) outside surface film resistance o 0.333 (h- ft*°F)/Buu, and temperature — (daily range)/2
(5) inside surface resistance of 0.685 (h- t*°F)/Buu. Note 3. Adj to months other than July: For design purposes, the data suffices for plus or @
Note 2. Adj 1o design temp minus 2 weeks from the 21st day of given month
1)
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-
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Solar Cooling Load For Sunlit Glass (SCL) 2 n
o s
Tables do not consider zone type and are conservative. Use for preliminary computations only. = g’
24°N Latitude, July g T B
m — ]
Glass Solar time, h e e
Facing 5 6 7 8 9 10 n 12 13 £ 15 16 17 18 19 20 21 22 ?ﬂ E/
N [ iv 35 30 30 38 40 42 4z 40 38 39 43 32 ii 6 3 i 1 = 5
NE 0 54 124 150 144 115 78 58 49 44 38 32 25 14 6 3 1 1
E 0 57 139 177 180 154 107 68 54 46 40 33 25 14 6 3 1 1
SE 0 26 74 104 14 106 83 59 50 44 38 32 25 14 6 3 1 1 —
S o H 15 23 e 35 40 43 43 40 37 32 24 “ & 3 H H 5
SW [ 5 i3 25 30 35 39 4z 6i 88 iid ii8 i35 62 24 iz 3 3 p=y
w 0 5 15 23 30 35 39 41 67 116 160 186 184 118 44 21 11 5 3
3 NW 0 5 15 23 30 35 39 41 51 83 122 151 158 106 39 19 9 5 =}
& Hor o 10 55 13 170 218 253 2 273 258 225 176 115 54 24 12 6 3 E
36°N Latitude, July
N 0 25 29 28 32 36 39 40 41 39 36 32 33 36 12 6 3 1
NE 0 79 129 139 120 84 58 50 45 41 37 32 26 17 7 3 2 1 2
E 0 86 153 184 182 155 107 67 54 45 39 33 26 17 7 3 2 1 *
SE 0 42 90 125 142 140 119 86 58 48 40 34 27 17 7 3 2 1
S 0 8 17 24 36 53 70 80 79 68 52 38 29 18 7 3 2 1 Ll
SwW 0 8 17 24 30 35 38 57 90 122 141 144 127 85 32 15 8 4
w 0 8 17 24 30 35 38 40 66 115 159 188 191 149 53 25 12 6 g
NW 0 8 17 24 30 35 38 40 40 56 93 129 148 127 43 21 10 5 H
Hor 0 20 66 120 171 215 246 263 265 251 221 178 124 66 28 13 7 3
%]
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-
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Solar Cooling Load for Sunlit Glass (SCL) (Concluded)
48°N Latitude, July
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ses, data will suffice for plus or minus 2 weeks from

of g
is and internal shade

Use shading coefficients as multiplier.

« Externally shaded glass

5

o e

14
2

11

3

e

Linear interpolation is acceptable.

Glass
Facing
* Months other than July
For design pi
the 21st day
* Other types of g
Use north orientation

Zzgwg o

SW
w
W

* Latitudes other than 24, 36 and 48°N

Adjustments to table data
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Shading Coefficients” for Single Glass with Indoor Shading by Venetian Blinds or Roller Shades
Type of Shading
Roller Shade -
e )
Solar Trans- E)E = -
Nominal  Transmit- Venetian Blinds Opague Tucent = g E §
Tvpe of Glass Thickness," in.  tance®  Medium Light Dark White Light ‘E
<
087t0 - o s
Clear 332 0.80 0748 067 081 039 044 8 : m
(0.63° (0.58)° &> =
a ita1n gg(li to Rates of Heat Gain from Occupants of Conditioned Spaces gg E
ear fAto 1/ 7 @
0.87to M Sensible Latent % S‘"s:‘;."“: thatls o = g
Clear patten 1810 112 0.79 Adult Adjusted.  Heat, Heat, adiant e i
Heat-absorbing pattern~ 1/8 — Degree of Activity Male Al Btu‘h Btuh Low V High ¥ c 5 i
Tinted 732 074,07 Seated at theater Theater. matinee 350 330 ns 105 2
| &
Seated at theater, night Theater. night 350 245 105 60 27 | 5
Heat-absorbing® 046 Seated, very light work Offices, hotels, apartments 245 153 i
Heat-absorbing pattern — 0.57 0.53 045 030 036 o
Tinted 0.59,045 S 3 33
04410 Ve aiking, standing Drug siore, bank o
Heat-absorbing or pattern — 030 054 052 040 028 032 Sedentany work Restaurant =
Heat-absorbing® 8 034 Light vark 273 3
A D 03 545 10 38 =
. 029 to g Walking 3 mph: Jight machine work Factory 375 625 ~
4 Heat-absorbing or pattern 0.15 4 ]
_ 024 042 040 036 028 031 Bowling? Bowling alley 1450 580 870 =~
- - - - - Heavy work Factory 1450 380 870 54 19
Reflective coated glass ~ 5.C. =0.308 0.25 0.23 Heavy machine work; Jifting Factory 1600 633 565
=040 033 029 Athletics Gymnasium 1800 710 1090
_ 0"0 0' 9 0'33 Notes, 85% of that for an adubt male. and that the gain from a child is 75% of tha foe an o
-~ - - 1. Tabulated values are based on 75°F room dry-bulb tempererwre. Fer dult male. S
=0.60 0.50 0.44 80°F room dry bulb. the rotal heat remains 1he same. but the sensibie ®Values approximated from data in Table 6, Chapter 8, wherc is st velocity with °
TRefer to manufacturers literanure for values. ::: ::‘:: :;“'::;i‘;““f‘d}\"»" wpproximaicly 20%, and the latent Vimits shown in tha table. ’ .
PFor vertical blinds with opaque white and beige louvers *Values for closed venetian blinds. Use 2. Alse ,‘,‘:., o l:uc N (}m:i'rm additicna) rates of metabolic heat ‘ Adjusted heat gain includes 60 Buh for food per individual (30 Buuh sensible and
in the n:%ﬂv closed position. SC is 0.25 and 0.29 when  these values only when operation is seneration. ’ ) B 30 Buuh Laent)
used with glass of 0.71 t0 0.80 d for solar gamn reduction (as 3. All vaines are rounded to nearest 5 Bruh 4Figure one perscn per alley actually bowling, and all cahers as siting (490 Brub) oe .
E‘yplcal residential glass thickness. oﬁgosed to da'_vhg,ht use). ® Adjusted heat gain is based on normal peccentage of men, women, and stending or walking slowly (550 Bluh) H
4From Van Dvck and Konen (1982), for 45° open TRafers to v, bronze, and green tinted children for the applicatica listed, with the postulste that the gain from
venetian blinds, 35 solar incidence, and 35° profile heat-absorbing glass. an adult female is
angle. ESC for glass with no shading device. @
*Note: Shading Coefficient (5C) has been superseded by solar heat gain coefficient (SHGC) )
including the effect of meident angle of solar radiation on the glass, and the effect of type of ‘g
framing. This shading coefficient table is sufficiently accurate for the approximate coolin -
load calculations g%'ntgnjs publication For the glazing portion of single-pane clear and h.nteﬁ < > =]
x
fenestration, A
_ SHGC
€= 5w
This does not include frame effects.
157
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Heat Gain from Lighting

The energy absorbed by the structure and contents contributes to space cooling load only
after a time lag, some still reradiating after the heat sources have been switched off” This may
make load lower than instantaneous heat gain, thus affecting the peak load.

Instantaneous rate of heat gain from lights, g,; Btwh:

G =341 WF, F,

where

W = total ights wattage installed

Fy = lighting use factor (proportion in use)
F,; = lighting special allowance factor

The total light wattage is obtamed from the ratmgs of all lamps imstalled, both for general ilh-
mination and for display use. Ballasts are not included. but are addressed by a separate factor. Wattages
of magnetic ballasts are significant; the energy consumption of high-efficiency electronic ballasts might
be msignificant compared to that of the lamps

The lighting use factor is the ratio of wattage in use. for the conditions under which the
load estimate is bemg made, to total installed wattage. For commercial applications such as
stores, the use factor is generally 1.0.

The special allowance factor is the ratio of the lighting fixtures’ power consumption,
including lamps and ballast, to the nominal power consumption of the lamps. For incandescent
lLights, factor 15 1. For fluorescent hights. it accounts for power consumed by the ballast as
wer consumption. The special allowance factor can be less

well as the ballast’s effect on lamp
than 1 for electromic ballasts that lower electneity consump:
consumption. Use manufacturers” values for system

or high-intensity-discharge lamps (e.z. metal

pressure sodium vapor lamps), the actual lightng system power consump
able from the manufacturer of the fixture or ballast. Ballasts available for metal halide and high

pressure sodium vapor

Such an approach may be

Lighting Power Densities Using Space-by-Space Method

lamps may have
age la.mﬁl) down to 1.1 (for high-wattage o )
altemnative procedure is to estimate the hghlm.gl heat gain o‘anjl:.h

ting plans are not av.
t gain per square foot) allowed by

ired when final 1i
maxinum i ower density (LPD) (lighting
ASHFAE Sraudm?f .1-2007 for a range of space types.

tion below the lamp’s rated power
s + ballast) power, when available.

ide, mercury vapor. high- and low-
tion should be avail-

smi:l allowance factors from about 1.3 (for low-watt-
5).

foot basis.
shows the

LFD, LFD,

Commeon Space Types® “'.'ft! Building-Specific Space Types “"ﬁ!
Office—enclozed 1.1 | Gymmasium/exercize center
Office —open plan 11 Playing Area 14
Conference/meetmg/multipwpose 1.3 Exercise Area 09
Classroom/lecture ‘framing 14 [ Courth ‘police station]

For penitentiary 13 Courfroom 19
Lobby 13 Confinement cells 08

Forhotel 11 Judzges” chambers 13

Forperforming arts theater 3.3 | Fire Stations

For motion picture theater 1.1 Engine room 08
Audience/seating Area 09 Sleeping quarters 03

For gymnasmm 04 |Postoffice—sorting avea 12

For exercise cenfer 0.3 | Convention center—exhibit space 13

For convention center 0.7 |Library

For penitentiary 07 Card file and cataloging 11

For relizious buldings 17 Stacks 17

For sports arena 04 Feading area 12

For performing arts theater 2.6 | Hospital

For motion picture theater 1.2 Emergency 27

For transportation 0.5 Fecovery 08

159
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Lighting Power Densities Using Space-by-Space Method (Continued)

Atrium—first three floors
Atrium—each additional floor
Lounge/recreation

For hospital
Dining Area

For penitentiary

For hotel

For motel

For bar lounge/leisure

For family dining
Food preparation
Laboratory
Restrooms
Dhressinglocker/fitting room
Comidor/transition
For hospatal
For manufacturing facility
Stairs—active
Active storage
For hospital
Inzchive storage
For museum
Electrical/mechanical
Workshop
Sales area [for accent lighting see

Section 9.6.2(F) of ASHEAE
4 Standard 90 1]

0.6
02

Murses” station
Exam/treatment
Pharmacy
Patient room
Operating room
Mursery
Medzeal supply
Physical therapy
Radiology

Laundry—washing
Automotne—service/ Tepair
Marufacturing
Low bay (<25 £t floor to ceiling height)
High bay (225 £7.6 m floor to ceiling heighf)
Detailed manufactunng
Equipment room
Control room
Hotel/motel guest rooms
Drormitory—living quarters
Museum
General exhibifion
Restoration
Bank/office—banking activity area
Relizious buildings
Worship pulpit, chowr

Fellowship hall
Retail
Sales area for accent lighting, see Section
9.6.3(C) of ASHRAE Standard 90.1]
Mall concourse
Sports avena
Ring spors area
Court sports area
Indoor playmg field arez
Warehouse
Fine material storage
Medim/bulky matenial storage
Parking garage—garage area
Transportation
Apport—concourse
An'rainbus—baggaze area
Termunal—ticket counter

14
0.9
0.2

0.6
Lo
15

Source. ASHFAE Standard 90.1-2007.

*In cases where both a common space type and a building-specific type are listed, the building-specific space rype

applies_

160




a 2009 ASHRAE Pocket Guide (|-P) (SECURED) - Adobe Acrobat Standard DC

a 2009 ASHRAE Pocket Guide (I-P) (SECURED) - Adobe Acrobat Standard DC

File Edit View Window Help

Home

Tools Document 161 | (172 of 273) 131% v | wes ®

Lighting Heat Gain Parameters for Typical Operating Conditions

Luminaire Space Radiative
Category Fraction  Fraction Notes
Recessed 064t00.74 048t00.68 + Use middle values in most siuations
fluorescent + May use higher space fraction, and lower radia-
Iuminaire tive fraction for luminaire with side-slot refurmns
without lens * May use lower values of both fractions for direct/
indirect lnminaire
« May use higher values of both fractions for
ducted retums
Recessed 04080050 061to073 + May adjust valuesin the same way as for recessed
fluorescent fluorescent luminaire without lens
Inminaire
with lens
Downlight 01210024 0851010 » Usemiddle or high values if detailed features are
compact unknown
fluorescent * Use low value for space fraction and high value

Iuminaire for radiative fraction if there are large holes in
luminaire’s reflector

Downlight 0700080 0851010 » Usemiddle values if lamp type is unknown
incandescent + Use low value for space fraction if standard lamp
Inminaire (ie A-lamp) is nsed

+ Use high value for space fraction if reflector lamp
(L.e. BE-lamp) is used
Non-in-ceiling 1.0 03510057 = Uselower value forradiative fraction for surface-

fluorescent mounted huminaire
Inminaire Use higher value for radiative fraction for pen-
dant luminaire

Source: Fisher and Chentasrisalai (2006).

The table above provides a range of design data under typical opemli.l:lgh conditions:
airflow 1 cfm/ft, supply air between glglgl: and 62"%,11'00;}1 temperature between 72°F and 73°F,
and lighting heat input in a range from 0.9 to 2.6 W/ft". For a fluorescent lnminaire without
lens, the figure below gives more precise data. The data should be used with judgement.

1oa

Fraction
@
3

o

ooa

3 a5 1 15 z 28
Air Plow Rate, cénift? of Floor Area

—n- Somce Fraciion - Lowsr  —m—SparaFrRclion - Mdme  —o— Space Frackon - Lipe
— Lowar [

Feaction - Uppar

Lighting Heat Gain Parameters for Recessed Flnorescent Luminaire Without Lens
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Heat Gain from Motors and their Loads
Instantaneous rate of heat gain from equipment operated by electric motors within a

conditioned space.
Gom = 2343 (PIEy) Fum Frag
where
gom = heat equivalent of equipment operation
P = motor power rating. hp
E, = motorefficiency, decimal fraction = 1.0
Fyw = motoruse factor 1.0 or <1.0 (proportion operating)
Fryy = motor load factor 1 0or <1.0
When motor is outside the conditioned space, but load is inside,
Gem=2545 PFyp Frag
When motor is inside the conditioned space, bqt load is outside,
qm=2545]’| E ml Fim Fom
Lo
Minimum Nominal Efficiency for General Purpose Design A and Design B Motors
Minimum Nominal Full-Load Efficiency, %
Open Motors Enclozed Motors
Number of Poles = 2 4 (1 2 4 L]
Synchronous Speed
M) = 3600 1800 1200 3600 1800 1200
Motor Horsepower
1 — 825 80.0 755 825 80.0
L5 825 840 84.0 825 84.0 85.5
2 84.0 840 B33 840 4.0 863
3 84.0 B6.3 86.3 8335 875 873
5 835 B7.5 873 87.5 875 873
75 875 B85 B8.3 88.5 895 895
10 885 895 90.2 89.5 8.5 895
15 8835 310 90.2 80.2 910 902
20 902 910 910 90.2 910 902
25 910 917 917 910 924 917
30 910 924 924 910 924 917
40 917 930 93.0 917 93.0 930
50 924 930 93.0 924 93.0 930
60 93.0 936 93.6 93.0 936 936
75 93.0 941 93.6 93.0 4.1 936
100 83.0 941 941 93.6 4.5 841
125 93.6 945 941 845 4.5 841
150 93.6 950 943 843 850 950
200 8435 950 943 5.0 850 950

Heat output of a motor is generally proportional to motor load, within rated overload
limits. Because of typically high no-load motor current, fixed losses, and other reasons, Fyy,is
generally assumed o be unity, and no adjustment should be made for underloading or overload-
ing unless the situation is fixed and canbe accurately established. and reduced-load efficiency
dafa can be obtained from the motor manufacturer. Unless the manufacturer’s technical litera-
ture indicates otherwise, motor heat gain normally should be equally divided between radiant
and convective components for the subsequent cooling load calculations.
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Cooking Appliances S =y
Heat gain: g, = Gy Fi7 Fp. Where Fiy is the usage factor and Fpis the radiation factor. 2 2_ E
Recommended Rates of Radiant and Convective Heat Gain from Unhooded Electric Appliances During Idle (Ready-to-Cook) Conditions 2 g"
g
Energy Rate, Btu/h Rate of Heat Gain, Btu/h g } n
Usage Factor Radiation Factor c = o
Applisnce Standby Radisnt  Sensible Convective  Latent Total Fy I3 3 =
p = p = p = on 2 iy
o byed pnd pond - hyed s pri =
Tab 3,50 208 2,80 ¢ 3,50 a5t o2
Cabi 1,400 1200 o 200 100 aee o8
[ 390 o 00 3,000 3900 o o
< 1200 2m 100 e ° =
0 o o a o 2
20 £ 00 o am o
0 w0 o aus o =
m @a 2600 a@ a =
= s w@a a an a =N
(A . 900 1.%0 a am 03 N
Hot plate: single barner, high speed 900 2,100 0 om 03 &
Hot-food case (dry holding)* 900 1,600 0 008 036
Hot-food case (moist holding)* 900 1,800 600 an 027
Microwave oven: commercial (heavy duty) 0 0 0 0 0
o Snishing! 12,600 2200 10400 0 061 017 N
Panini* 3200 1200 2,000 0 058 038 %
Popeom popper* 20 10 100 0 ol 0s °
Rapid-cook oven (quartz-halogen)* 0 0 0 0 0 0
Rapid-cook oven (microwave/convection)* 4,100 1,000 3,100 0 016 024 4
Reach-in refrigerator® 1200 300 00 0 025 025
Refrigerated prep able® %00 600 300 0 ass 067 .
Steamer (bun) 0 600 100 o ou 086 .
Toaster: 4-dlice popup (large): cocking 3,000 200 1,400 1,000 0w 007 *
Toaster: contact (vertical) 11300 5,300 2,700 2,600 0 o 051
Toaster: comveyar (large) 32800 10,300 3,000 7,300 0 031 029
Toaster: small conveyor 5800 3,00 40 3,300 0 a6t on @
Waflle #on 3,100 1,200 500 400 0 039 067
v
Qo
-
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Recommended Rates of Radiant Heat Gain from Hooded Electric Appliances During Idle (Read y-to-Cook) Conditions g_ i F
Energy Rate, Buh Rate of Heat Gain, Bruh % 8
()
c
Appliance Standby Sensible Radiant Usage Factor F, Radiation Factor F, g < IG
Broikr: underfired 3 ft 30,900 10,800 084 035 c 5 1T
Cheesemelter® 11,900 4,600 039 3 =
Fryer: ketile 1.800 500 2 4
Fryer: open deep-fat. l-vat 1.000 1=
1,400
34600 —
4,500 ®
P —
o 3
o v
- v 3
Oven: combi: comvection mode 1400 @
Oven: convection full-size 1,500
Oven: convection half-size® 500
Pasta cooker* 0
Range top: ©op off/oven on* 1,000 -
Range top: 3 elements on/oven off 6,300 @€
Range top: 6 clements on‘oven off 13900 065 2
Range top: 6 clements onoven on 14,500 054
Range: hot-top 11,800 095 <
Rotisseric* 4,500 036
Salamander® 23,300 7,000 097 o
Steam ketde: large (60 gal) simmer lid down* 110,600 2,600 100 002 -
Steam ketde: small (40 gal) simmer lid down* 73,700 1,800 300 002 0.17
Steamer: compartment: atmospheric® 33,400 15,300 200 046 0.01
Tikting skillet/braising pan 32,900 5,300 0 016 0 @
v
Q
2
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Recommended Rates of Radiant Heat Gain from Hooded Gas Appliances During Mle (Ready-to-Coo k) Conditions

Appliance

Energy Rate, Bu/h Rate of Heat Gain, Biwh
Rated Standby Sensible Radiant Usage Factor F, Radiation Factor F,

Broiler: bach® 69,200 8,100 07 012
Broiler: chain (conveyor) 96,700 13,200 on 014
Broiler: overfired (upright)* 87,900 2,500 088 003
Broiler: underfired 3 ft 73,500 9,000 077 012
Fryer: doughnut 12,400 2,900 028 023
Fryer: open decp-fat, | vat 4,700 1,100 006 023
Fryer: pressure 9,000 o1 009
Griddle: double sided 3 ft (clamshell down)* 007 023
Griddle: double sided 3 ft (clamshell up)® 014
Gnddle: flat3 fi 023
Oven: combi: combi-mode* 008

oog

027

04

02
Oven: rack mini-rotating® 008
Pasta cooker® 03
Range op  top offfoven on* 03
Range top 3 bumers onoven off 0s
Range op 6 bumers onoven ofl 101
Range top: 6 burners onoven on 085 on
Range: wok* 088 006
Rethermabizer® 026 049
Rice cooker* 001 06
Salamander* 095 0.16
Steam kettle: large (60 gal) simmer lid down* 004 0
Steam kettle: small (10 gal) simmer lid down* 006 009
Steam kettle: small (40 gal) simmer lid down 004 0
Steamer: compartment: atmosphernic ¢ 032 0
Tilting skilketbraising pan 104,000 01 004
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Rec ded Rates of Radiant Heat Gain from Hooded Solid Fuel Appliances During Idle (Ready-to-Cook) Conditions © § [
o s
o
Energy Rate, Btuh Rate of Heat Gain, Btuh =
Usage Factor Radiation Factor g T %
Appliance Rated Standby Sensible Fu Fr e 5 o
Broiler: solid fuel: charcoal 401b 42,000 6200 N/A 0.15 g (%]
Broiler: solid fuel: wood (mesquite)*® 40 Ib 49,600 7000 N/A 0.14 |
i ded Kaies of Radiani and C iive Heai Gain from Warewashing Equipmeni During idie {Siandby) or Washing Conditions
2
Rate of Heat Gain, Btwh -
Energy Rate, Btwh Unhooded Hooded 3
- Q
3 Standby/ | Semibie  Semsibi Semible Usase Factor Radiati ¥
¥ cisibie cisibie Seisible Usage Facior Radiation o
Appliance Rated  Washing  Radiant Convective Latent  Total adiant Fy Factor F, -
Dishwash type. chemical sanitizing) 46,800  5700/43,600 0 4450 13490 17940 0 0.36 0
Dishwash type, h il itizing) 46,800  5700/N/A 0 4750 16970 21720 0 N/A 0 .
standby @
Dishwasher (door-type, chemical sanitizing) washing 18,400  1200/13,300 0 1980 2790 4770 0 0.26 0 B
Dishwasher (door-type. hot-water sanitizing) washing 18400  1200/13.300 0 1980 2790 4770 0 0.26 0
Dishwasher® (und ter type, chemical 26,600 1200/18.700 0 2280 4170 6450 0 0.35 0.00 ‘
sanitizing) standby
Dishwasher* (und type, hot-wa 26,600 1700/19,700 800 1040 3010 4850 800 027 0.34 .
sanitizing) standby -
Booster heater® 130.000 0 500 0 0 0 500 0 N/A
Note: Heat load values are prorated for 30% washing and 70% standby. @
1)
Q
=]
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Hospital and Laboratory Equipment Recommended Heat Gain from Miscellaneous Office Equipment
Heat gain varies siificantly. In a laboratory, heat gain ranges from 15 to 70 Bruh/f®. Medi- M Tmy R ded Rate of
cal equipment is highly varied in type and appllmguu. The table is relevant for portable and bench- Appliance 11%?:]:2 “Pm = c';ﬂ?,'?;,,fn “;lre o
type equipment. For large equipment, such as MRL, obtain heat gain from the mamuifacturer.
Mail-processing equipment
Recommended Heat Gain from Typical Medical Equipment Fold.mg machine 125 80
Equipment Nameplate, W Peak, W Average, W 05 600 to 3,300 390 to 2,150
3 L600'to 6, 500 pleces h
Anesthesia system 250 77 166 Labeh.ung machine, 600 to 6,600 390 to 4,300
Blanket warmer 500 504 01 1,500 to 30,000 pieces’h
Blood pressure meter 180 33 29 Postage meter 230 150
Blood warmer 360 204 114 Vending machines
ECGRESP 1440 54 50 amg _ _
Electroswigery 1000 147 109 Cigarette 7 2
Endoscope 1688 605 506 Cold food'beverage 1,150 to 1,920 573 to 960
Harmonical scalpel 230 60 39 Hot bevera 1725 362
- Ze ) 2
Hysteroscopic pump 180 35 34 . - -
Laser sonics 1200 256 29 Snack 00275 2010273
Optical microscope 330 65 63 Other
Pulse oximeter 72 21 20 ; 7
Siress treadmil NA 198 17 Bar code printer o 30
Ultrasound system 1800 1063 1050 Cash registers 60 48
Vacuum suction 621 3 302 Check processing workstation, 4.800 2470
X-ray system 968 82 12 pockets
1725 534 480 Coffee maker, 1.500 1.050 Wsens_. 1,540 Btuh
2070 18 10 cups latent
Microfiche reader 85 85
Microfilm reader 520 520
4 1 4 Microfilm reader/printer 1150 1,150 1
Microwave oven, 600 400
TR
Paper shredder 250 to 3,000 200 to 2,420
Water cooler, T00 350
32qth
Recommended Load Factors for Various Types of Offices
Load
Density of LoadFactor
ffice Wi Description
Light 03 A 167 = E 1000 %) with
uter and momloraleachplus printer and fax. Computer, monitor,
and fax diversity 0.67, prmltu'dnersm 033
Medium 1 A 125 #2/workstati E 1000 £ with
uter and mumloraleachplus printer and fax. Computer. monitor,
and a.xd.lversm 0.73, prmltﬂ'dnerslh 0.50.
Medium/ 13 100 fi2 i oms per 1000 £t%) with
Heavy computer and monitor at each plusg rinter and fax_ Computer and
monitor d.nuﬂsuy 0.75, pnmer and fax diversity 0.50.
Heavy 2 4 23 f*/workstati k 1000 £t%) with
computer and monitor at each plus printer and fax. Computer and
monitor diversity 1.0, printer and fax diversity 0.50.
Sousce: Wilkins amd MeiGaiEn (1594).
167 168
v v
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Cooling Load Estimates for Various Office Load Densities

®

Num-  Each, Total, Diver-

ber W TW sity  Load, W
Light Load Density®
Computers & 55 330 067 220
Monitors & 55 330 067 220
Laser printer—small desk top 1 130 130 033 43
Fax machine 1 15 15 067 10
Total Area Load B
Recommended equipment load factor = 0.5 W/
Medium Load Density®
Computers 8 63 320 075 390
Monitors 8 0 360 075 420
Laser printer—desk 1 215 215 05 108
Fax machine 1 13 13 075 1
Total Area Load g
Recommended equipment load factor = 1.0 W/t
Medium/Heavy Load Densitv™
Computers 10 63 630 1 630
Monitors 10 0 700 1 700
‘| Laser printer—small office 1 320 320 05 160
Facsimile machine 1 30 30 05 13
Total Area Load 55
Recommended equipment load factor = 1.5 W/
Heavy Load Density®
Computers 12 5 900 1 %00
Monitors 12 30 960 1 960
Laser printer-small office 1 320 320 05 160
Facsimile machine 1 30 30 05 13
Total Area Load PR

Recommended equipment load factor = 2.0 Wit2

Source: Wilkins and McGaffin (1994).
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Refrigerating Effect Produced by Open Refrigerated Display Fixtures

Bru/h-ft of Fixture*

Tvpe of Display Fixture Latent Heat Sensible Heat E:}E'ligerati.ug Effect
Low temperature
Frozen Food
Single Deck 38 207 245
Single Deck, Double Island 70 400 470
2 Deck 144 576 720
3 Deck n 1288 1610
4 or 3 Deck 400 1600 2000
Ice Cream
Single Deck 64 366 430
Single Deck, Double Island 70 400 470
Standard Temperarure
Meats
Single Deck 52 208 350
Multideck 219 876 1085
Dairy
Multideck 196 784 230
Produce
Single Deck 36 204 240
Multideck 192 768 960

*These figures are general magnitudes for fixtures adjusted for average desired product
1em2mtu.res and ap'iley to store ambients in front of the display cases of 72°F to 74°F with 30%
to 35% rh. Raising the dry bulb only 3°F to 3°F and the humidity 5% to 10% can increase heat
removal 23% or more. Equally lower temperatures and humidities as in winter, have an equally
marked effect on lowering heat removal the space.
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VENTILATION

ASHRAE Standard 62.2-2007, Ventilation and Acceptable Air Quality
in Low-Rise Residential Buildings

Low-rise residential ventilation for single and multiple family structures of three stories or fewer
above grade, mcluding mamfactured and modular houses.

Whole-hs mechanical ventilation systems are required for each dwelling vnit-

ofm = 0.01 (&2 floor area) + 7.5 (mmber of bedrooms + 1).

Exceptions: (a} bulding 15 in zone 3B or 3C of the IECC 2007 climate zone map. (b}
building has no mechanical cooling and is in zone 1 or 2 of the climate zone map (see p. 184),
or (c) building is thermally conditioned for human occupancy for less than 376 hours per year
and if the authonty having jurisdiction that window 1 15 sufficient

Alternate means may be used to provide the required ventilation rate when approved by
a licensed design professional. ].u hot humid climates whole-house net mechanical exhaust shall
not exceed 7.5 cfm per 100 #%. In severe cold climates net supply systems shall not exceed
7.5 cm per 100 2 (Climates are defined onp. 184.)

Local mechanical exhaust:

Intermittent Local Ventilation Exhaust Airflow Rates

Application | Airflow Notes

Kitchen 100 cfm [Vented range hood (inciuding appliance-range hood combinations)
required if exhaust fan flow rate is less than 5 kitchen air changes
[per hour.

Bathroom 30 efm

Continuous Local Ventilation Exhaust Airflow Rates

q Application Airflow Notes
Kitchen 3 air changes per hour Based on kitchen volume
Bathroom 20 cfm

Ventilation openmgs not less than 4% of floor, nor less than 5 & for habitable rooms;
and not less than 4% of floor space, nor less than 1.5 % for toilets and utility rooms.

Supply ductwork for thermal condifioners except evaporative coolers, shall have a
MERN 6 filter or better in accordance with ASHRAE Standard 52.2.

Airflows all refer to delivered airflow as tested, or the fans’ rating at 0.25 in. sp. with
duct sizing meet the prescriptive sjzing of the table below.

Prescriptive Duct Sizing

Duct Type Flex Duct Smooth Duct
Fan Rating ‘ ‘ ‘ ‘
CFM @ 025 m wg 50 80 100 125 50 20 100 125
Diameter n Maximum Length ft. (m)
3 X X X X 5 X X X
4 T 3 X X 105 35 3 X
5 NL 70 35 20 NL 133 85 55
6 NL NL 125 95 NL NL NL 145
7 and above NL | NL | NL NL NL NL NL NL
“Thi toble asumes oo albows. Deduct 15 foat of allowabla dact g for sach albow.

ML =m0 Emit om dact langth of this sims.

X = metallowod, 2y laagth of duct of this sizn with 2 : and Steing will amcood tho rated prosar drop.
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ASHRAE Standard 62.1-2007
(Occupancies except for low-rise residential)

Use of natural ventilation systems is permitted in lien of or in conjunction with me{'ha.ui—
cal ventilation Naturally ventilated spaces shall be permanently open to and within 25 ft of
ble wall or roof openings to the outd: le area at least 4% of net a{'cup].al:le
floor area. If interior spines are ventilated Ihmu!h ad]amum Tooms, free area between rooms
shall be permanently unobstructed and at least 8% of the area of the interior room, nor less than
58 Occupants must have ready access to the openings
All airstream surfaces shall be designed to resist mold growth and resist erosion. Duct-
work construction shall meet SMACNA standards. Fuel bummg appliances shall have suffi-
cient air for combustion and adequate removal of combustion products, which shall be vented
directly outdoors. Filters or air cleaners with minimum MERV 6 by ASHRAE Standard 52.2
shall be provided upstream of all cooling coils or other devices with wetted surfaces through
which air is supplied to occupied space. Relative humidity should be below 65% when system
performance is analyzed with outdoor at the design dew point and mean coincident dry bulb,
Drain pans slope mmimum 1/8 in. per ft to outlet at lowest point, and drain line shall have p-
trap or other seal when drain pan is at negative static pressure relative to the outlet. Drain pan
shall extend from leading edge ofﬂle coil to a distance of half the vertical dimension of the coll
Discharge from non- t that captures generated by the
equipment shall be discharged directly outdoors
Investizate outdoor air quallr_', Survey a.nd don.nn:nl local outd.oor a.Lr quality, with
description of noticeable air p and ¢ g its ac If unaccept-
able, treat it. Cleaning for ozome is required only if in a lllEh ozone area and if the minimum
design outdoor airflow is 1.3 air changes or more.
Outdoor air intakes shall be located so the shortest distance from intake to any specific
contaminant source shall equal or exceed Table 5.1
Design intakes to manage rain and snow enfrainment and mehede bird screens.

- - [
Retuery H | L

[ Lonat
{Mabaup ik -, Nersilation
—
/‘ oot
= i it Clanes reapiod Spaie
Alwrase Pakes for Lo
Feilaned A //
‘ ‘[ | -
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TABLE 5-1  Air Intake Minimum Separation Distance

Minimum Distance,
Ohject ft (m)
Significantly ¢ d exhaust (Note 1) 15 (3)
[Noxious or dangerous exhaust (Notes 2 and 3) 30¢10)
Vents, chimneys, and flues from combustion appli and equip 15(5)
(Note 4)
Garage entry, automobile loading area, or drive-in queue (Note 5) 15 (5)
Truck loading area or dock, bus parking/idling area (Note 5) 25(7.3)
Driveway, street, or parking place (Note 5) 5(1.3)
Thoroughfare with high traffic volume 25(1.%)
[Roof, landscaped grade, or other surface directly below intake (Notes 6 1(030)
and 7)
Garbage storage/pick-up area, 15 (5)
Cooling tower intake or basin 15(5)
Cooling tower exhaust 25(7%)
e — - — - ey
siveodor.
Mot 2 L hood ir ouelats shall be in it NEPA 45-199] 2md ANSTATEA 79 5-1992.%
[Moms 5 Nomenns ik higaly ' :
inasrosals, cr £ase: 2 concentations high amough, dsced samAl Informarion o
foend m the. mmm»mumw’ i tho ASHIAE Handbook HVAC Applicanons
mnmsq dap-wnmn 2001 for ot urming Ll[am:ﬂynqmpmn.“r‘“‘ ES m it
m«m’f”m&“ﬁmm e =
m;e ‘lemmmupmnmdl.mappuum = m”m.‘lnpodmumm%‘dnwwx from horizonml ar thar ars Jess tian 1in. (3 )
Fiote 7. Wi sncmw ion is expected, distance lsted nll be inawased by oo depth.
Air classification in Table 3.2:
q *  (Class 1—I ow contaminant concentration. 1 odor and sensory irmif . suitable for

recirculation or transfer to any space.

*  Class 2—Moderate contaminants, odor and sensory irmitation; can be recirculated or trans-
ferred to any space with class 2 or class 3 air used for samJla.ranpose and with similar pollut-
ant source, and air not harmful or objectionable but is inappropnate for transfer or
recirculation to spaces used for different purpose.

»  Class 3—Sigmificant contaminants, odor, and sensory imitation; can be recirculated or trans-
ferred only within same space.

* Class -1-—H1gh.h objectionable with fumes. gases. or dally [ i at
harmful concentration. Not suitable for any recirculation or transfer.
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TABLE 5-2 Airstreams

Description Air Class
Diazo printing equip discharge 4
Commercial kitchen grease hoods 4
Commercial kitchen hoods other than grease 3
Laboratory hoods 4
Residential kitchen vented hoods 3

Either the ventilation rate procedure or the IAQ procedure shall be used to design venti-
lation systems. The TAQ procedure is based on analysis of ¢ SOUTCES, CONC
and targets, and perceived acceptability targets. Use desigm techniques that can be reliably
demonstrated to result in indoor contanmnant concentrations equal to or lower than achieved by
the ventilation rate procedure.

Ventilation Rate Procedure
Zone: Space or spaces with similar occupant category (Table 6-1). occupant density.

zone air distribution effectiveness (Table 6-2), and primary airflow per unit area
1. Breathing Zone QA flow, V. =R, F.+ R A,
when A, = zone floor area, = P.'= zone maximum occu
person (Table 6-1); R, = outdoor mreqtmdperlmﬂm(]’ableé )]
Zone Air Distribution Effectiveness, E. (Table 6-2)
Single Zone or 100%0 OA Systems, OA intake flow, F},= I, from all zones
Multiple Zone Recirculating Svstems
a. Zone primary (OA phis recirculating) airflow fraction, Z, = l’;gl’:x

where T, = airflow from air handler (OA + recire.); for VAV systems 7, is minimmm

= outdoor air required per

[T

o

. System ventilation efficiency, E,, (Table 3) (or alternative method in an appendix of the stan-
dard)

n

System uncorrected OA intake, Vi = DE gipopg: Bp Po + aprogmes Bg 42
where occupant diversity D = P/T p e Po

where P, = system population

System OA mtake 17,,= Ig,/Ey

=

(Standard 62.1, Appendix A contains an altemate procedure, which may require less cutdoor
air) Provide exhaust ventilation in accordance with Table 64, any combination of outdoor air, recir-
culated air, and transfer air.

3. Variable Load Conditions. System design shall be capable of providing required ventilation rates
in the breathing zone whenever the zones of the system are occupied under all load conditions.

6. Short Term Conditions. If peak occupancy is of short duration and/or ventilation may be varied
or interrupted for a short period. design may be based on average conditions over a time period, T
=3 vl (T m minutes, v volume of zone, f*, I, f*/min calculated using design population P..
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TABLE 61 MINIMUM VENTILATION RATES IN BREATHING ZONE
(This table is not valid in isolation; it must be used in with the ing notes.)
Default Values

People Outdoor Area Outdoor

Air Rate, Air Rate, B, Occupant Density  Combined Outdoor .
l:..:gan- Notes  (see Note 4) Air Rate (see Note 5) Class
cfmperson Lis-person cfmft® Lism® ;‘;ﬁ'ﬁ, cfm/person Lis-person
mmrmm T
1 e un all othar appls ofthis ing mat.
T s-nﬁng:rmmwum 5 areas. Rumss for smmoki : ined s 54 Section

3 A.'m..mywmmmﬂwmmhxdmnmamnManurh,,ﬁ’[hm-mammmq,mmnchmmw
pressuzs of 1 ates (1013 KPs) and 2= air seanperarurs of TO'F (21°C). Rates may ba adjustod for acoal damsity but vach adfusemses & 2ot

Tequired for compliance with tis standard.

4 Tes bl be wied whan actml ccogpant denaity s not known.

H De(ll.hmmlnledmdm(mmr{pﬂp(nm) Th.muh.odmrhdnﬁnkmmdmun

1] TUnbisted 2 wpacs or for tha lised
ﬁmumﬂﬂmﬂxnmdmm activities and building coastracton dall beuwd

7

‘Health-care facilities: mmumdmmadmmmxwmz

ITEM-SPECIFIC NOTES FOR TABLE 6-1

A For bigh school und college asien, ws vabuas sbems fr Publc Aviaably Spaces—Librarie
B Raie may Ly barmfal
c Rate doss not allow for bumidity control. Additional venslation ar 3y be required
D R doss notiochide spocial sxhvas: e soaga sfficts, a1 &y ice vapon, mcks.
E  Whon combustion squipeant is intondod bo ba msod an tha playing surfico, addifional diletion vantilytian andler sourca control dhull ba
F mmmmdmwmmummmmm i, parson for sach additicaal
G birfrom oue residential sl b recirrelved or rassfird o amy ofhar spacs oids of ot el
Correctional Faciite:
Call 5 25 01z s 3 10 49 2
Dayroom. 5 a5 008 a3 E T 35 1
[Ep— 3 15 w03 15 s 501
Bocking waiting 1.3 3B 0.06 3 » 9 44 2
Educatienal Facdices
Diayears (farough ags 4) 10 s LRTI T 25 17 15 2
L U ER T I n 1 83
Clasmronms (ages 3-8) 10 5 01z 06 b2 13 74 1
Classrooess {aga 9 plus) 10 5 LRLI T 3 13 &7 1
Lecturs chemoom 15 3B 008 o3 [3] g 43 1
Lacturs hal (Svsd sats) 13 3 w6 03 150 8 w1
FEy— U 5w 0w b 18 [N
Scieacs laboratories. 10 b 01s L) n 17 56 2
eweipeclag 1 5 01 os 2 18 2
Weoed motl chap 0 5 01 g n 12
[——_, U 5wz o8 n 13 1
Madza canmar 0 3 012 s A +] 13 1
Music/ theater dasce 10 b 006 o3 33 12 1
Multi-usa aswosbhy 1.5 38 0.06 o3 100 8 41 1
Food and Beverage Service.
Easstyorant dining rooms 13 3B 01s L1 n 10 il 2
Cafotesia/faat-food dizing 15 3B 01s s 100 g 7 2
Bams, cocktail bungss 1.5 38 01 g 100 e 47 2
Genersl
jp— 3 13 w03 n i 51 1
Coffee sations 5 25 006 o3 n 11 55 1
Confarunce mostng 5 a5 008 o3 0 & 31 1
Comin - T T - 1
Stomge rooms. = - 0.12 [ B - 1
Hotelz, Motel:, Rezore:, Dormiterie:
Mmhﬁnm 25 0.06 03 10 11 ‘-5 1
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TAELE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZOIIE fl.’mmad)

(This table is not valid in isolation; it must be used in notes )
S ——— 5 25 06 03 ) 3 40 1
Lnnadry roems, cantral 5 2 012 06 10 17 5 2
mm“m 5 25 elz 06 0 17 &5 1
Lobhies ratimction 75 B s 03 k1] 10 43 1
sasambly 3 25 s 03 120 s 3 1
Office Building:
Offica spacs 5 2 0os 03 3 17 5 1
Recagtice amzs H 25 s 03 k1] 7 35 1
Tuliphooedan ey 3 2 0os 03 ® s 30 1
Hain amiry lobbiss 5 25 s 03 10 1 53 1
Mixcellaneos: Spaces
Bk vaulte/safi daposit H 25 w6 03 H 17 85 2
Compurar (oot peisting) 3 2 0os 03 4 2 100 1
Elsctrical squipmant rocams - - w03 B - 1
Elerator maching rooms - - 01 06 B - 1
Phamesacy (prep. meal) H 25 w08 1 bl 13 2
Photo ssaios 3 2 (ST i 7 H 1
Shippiag/receiring - - 612 06 B - 1
Talaphona closees - - 11 T - 1
Trassportation witing 75 3B w6 03 100 3 41 1
Warshousss - - 006 03 B - 2
Public Asembly Spaces
Asditorium seating arsa. 5 25 oos 03 150 3 27 1
Places of raligions worskip H 25 w6 03 120 5 13 1
Comrtrooms H 25 we 03 ™ 5 3 1
4 Legislatve chambers 5 25 s 03 0 ‘ ES 1
Librario: 5 25 01 06 ® 17 5 1
Lotbis: H 25 w6 03 150 3 27 1
Mserems {childran's) 73 3B 62 08 @ 1 33 1
Mmsrme/gallacias 75 35 nee 03 0 9 45 1
Frsidential
Duwsllisgusit H 25 W 03 EG F 1
Comeon cormidors - - 0o 03 1
Reesil
Salo: (mcapt 25 balorw) 75 ET I ST 15 16 7t 2
Mall coosman aseas 75 3B w6 03 4 3 45 1
Busteribop 73 ET Y S+ 3 10 0 2
Beauty sd nadl saloms 2 0 (ST 2 2 124 2
Pat thops (miznal arsas) 75 38 01 08 i % 128 2
Supeemarkat 75 3B w6 03 3 15 7 1
i 75 3B w03 b1) 1 33 2
Spore: and Estertaimment
‘Sports amema (play aras) - - [E N - 1
Gym, stadiam (play area) - - [E K 3 2
Spectator aneas ] 3B we 03 130 8 40 1
Sowimming (poel b dack) - - 68 24 C - 2
Dises/dancs floars 2 0 w03 100 1 103 1
Haalth clib barchics reem 2 0 w03 4 n 108 2
‘Haalth clb treéght rooems 20 0 0 03 i % 130 2
Bowling ey (seatng) 1 5 (ST @ 13 65 1
Gambling casin: 75 38 01 08 120 9 45 1
Gume weades 75 3B M 08 b] 17 83 1
Stages, studics 10 5 66 03 D L) 1 54 1
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~ A
Ventilation Rate Procedure to Standard 62.1 TABLE 6-2 Zone Air Distribution Effectiveness
(There is also an Indoor Air Quality Procedure, which is performance-based.)
Definitions Air Distribution Configuration E;
A = zone floor area, 2
P, = zone population Ceiling supply of cool air. 10
R, = outdoor airflow rate per person, cfin, from Table 6-1 - 3 )
F Cs Iy of d 1l furm. 10
R, = outdoor airflow rate perunit area, cfm. from Table 6-1 eiling supply of wamn air azd floor re
he = breathing zone aiflow. I, =R, - P, + R, - 4, Ceiling supply of warm air 15°F (8°C) or more above space temperature and ceiling retum. 0.8
E. = zone air dismbution effectiveness, Table 6-2 Ceiling I of i less than 15°F (8°C) ab and ceilin
7 —  outdoor airfl ired & T =T, /E. eiling supply of warm air less 3°F (8°C) above space temperature and ceiling returm
o= T owdoorambow required for 2one. for = Far [ 52 provided that the 150 fpm (0.8 m/s) supply air jet reaches to within 4.5 ft (1.4 m) of floar 1.0
ot = outdoor intake airflow

level. Nore: For 1 relocity ly air, E.=0.8.
For single-zone system, Fp,= T, evel. Note: For lower velocity supply air, E.

For 100% outdoor system (one air handler), Tp, Floor supply of cool air and ceiling return provided that the 130 fpm (0.8 m's) supply jet

Zp = zone primary air fiaction, from Table 6.3, Zp teaches 4.3 ft (1.4 m) or more above the floor. Nate: Most underfloor air distribution sys- 1.0
where Vpz = zone primary air zone tems comply with this proviso.
E = system venﬁlaﬁ.one‘ﬂ':.icienq':.ﬁ'um Table 6.3 Floor supply of cool air and ceiling retum. provided low-velocity displacement ventilation
. . 12
Tou = Uncormrected outdoor intake airflow, 7, =Dy zongs Ry P2) + T zones (Rg - P2 achieves unidirectional flow and thermal stratification. -
Vo = design outdoor mtake. 1, =17, /E,
Floor supply of warm air and floor returm 10
Exhaust airflow shall be provided m accordance with Table 6-4.
Strict separation of spaces containing emvironmental tobacco smoke (ETS) from ETS- Floor supply of warm air and ceiling retum. 07
free areas is required. ETS-free areas must be at a positive pressure with respect to adjacent or
connected ETS areas. Makeup supply drawn in on the opposite side of the room from the exhanst and'or return. 0.8
Makeup supply drawn in near to the exhaust and/or retumn location 03
L “Coalax” i aif coclar tum space tmesparatars,
2. “Tarm aiz” is air warmsr than space sesparatara.
5 ~Calling” inchudon sz peint abores s g e
1 4 4 4 “Floar™ mdndlimp;?bdartl.buwh;‘fm 1
3 At an bz 1 ming e o e, £, 2y s g a0 aqal o htnge e damnisad i e it ANSH
ASERAF Stundard 129 forall air m sacopt
TABLE 6-3 System Ventilation Efficiency
Max (Zp) E,
=015 10
=023 09
<035 08
=045 07
=035 06
=055 Use Appendix A
3 R 2, e e gt o of 7, caleulaod wing Equrica 65, smong ol e soset sernd by e .
2 For vabias of 2, batorsan. 1.15 md 0.5, ooe raay & ofE, values in tae bl
3 Tha values o £, inthis whla are based om 1 0.1 averags ourdor ais Sncrica for 58 St (.5 e Tae of the umcamecred ouadoor atr ke
V.o 19 S50 0] s primary aflne 571 159 300 served by 5 air sandlar), Forsyaeamns with ighar valnas of the mverags outdoar aix
Enction. this tahls may asult in unrsalistically low valnss of E, and the use of Appendix A mry visld mom practical resals.
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TABLE 64 Minimum Exhaust Rates

Exhaust Exhaust Eshaust Exhaust

Occupancy Category Rme,l Rate, Notes l_h(e,_ Rlnte_. C‘}:\is
cfm/unit _cfm/ft? L/sunit Lism!

Arenas - 0.50 B - - 1
Art classrooms - 070 - 35 2
Anto repair rooms - 1.50 A - 73 2
Barber shops - 0.50 - 25 2
Beauty and nail salons - 0.60 - 30 2
Cells with toilet - 1.00 - 30 2
Copy. pnnting rooms - 0.50 - 25 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
Eitchenettes - 030 - 15 2
Kitchens—commercial - 070 - 33 2
Locker/dressing rooms - 025 - 125 2
Locker rooms - 0.50 - 25 2
Paint spray booths - - F - - 4
Parking garages - 0.75 C - 37 2
Pet shops (animal areas) - 0.90 - 43 2
Refngerating 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 - 75 4
Toilets—private - E 12.5725 - 2
Toilets—public - D 25/35 - 2
Woodwork shoa-'classmoms — 0.50 — 2.5- 2
A Stands wharu smgimes are run shall hev sshunst sysianss tut direcily conmect to S GNEine SxiurE:t nd Provent scape of fnses.
B Whn combustion aquipment & intended to be used on e playing murfaca additions] dition warition andlar sosres coamal dhull ba
c &‘&rmmumwm sides comgeise walls it are a1 least 50% opan o the outside.
D Famisperwater chosst mdior ¥ . .. tailets in theatres, schodls,

amd sports facilitis. The Jowar rate may b wsad ofharwiss.

E Rt fora wilet room issended to be cccupisd by ome paruon a1 2 timw, Fer contimon: systum operation desing sormal bowrs of ae, &0
lowss 13 may be med. Otharwise use the bigher rae.

F  Sos ofer applicable standards for axhamst rats.

G Forcomtimons sysam eporation. the Jowar ratu may e wsed. Charoviss wse the highar ratu.
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Multiple-Zone Systems
(From Appendix A of Standard 62.1-2004)

This is an altemative procedure for calculating the system ventilation efficiency (E,) that must
be used when Table 6-3 values are not used. In this altemative procedure, E, is equal to the lowest
calculated value of the zone venfilation gfficiency E,. (see Equation A-3 below). Figure A-1 confains
a ventilation system sck ic depicting most of the quantities used in this I

The zone veniilation efficiency E,.. Le., the efficiency with which a system distmbutes
outdoor air from the intake to an individual breathing zone, shall be calculated using Equation

G-lorG-2

Single Supply Systems E._=1+1.-2Z4 (A-1)
Equation A-1 (or A-2) shall be used for “single supply™ systems, where all the ventilation

air is a mixture of outdoor air and recirculated air from a single location. e.g.. Reheat. Single-Duct

VAV, Single-Fan Dual-Druct, and Multizone.

General Case E_=(F,+ X *Fp—ZF J/F, (A-2)

Equation A-2 shall be used for systems that provide all or part of their ventilation by recir-
culating air from other zones without directly mixing it with outdoor air, e g., dual-fan dual-duct,
fan-powered mixing box, and transfer fans for conference rooms.

The system ventilation efficiency shall be calculated using Equation G-3.

E, =minimum (E,;) (A-3)

Definitions

A Zone Floor Area: the net occupiable floor area of the zone o, (f2).
D Ogupjl’?zgh'ersir}': the ratio of the system population to the sum of the zone populations:
E, Zone Air Distribution Effectiveness (E): a measure of how effectively the zone mr
distribution uses its slrp%h-' air to maintain acceptable air quality in the breathing zone. E. is
P determined from Table 6.2
E, System Ventilation Efficiency: the efficiency with which the system distnbutes air from the
outdoor air infake to the breathing zone in the ventilation-crifical zone, which requires the
largest fraction of outdoor air in the primary airstream. E,, is determined from Table 6-3.
P, Swstem Population: th 1 mumber of occupants in the area served by the
system. Where population fluctuates, it may be averaged as described in Section 6352
Note: Occupant load for egress often determines system population
P Zone Population: the largest number of people expected to occupy the zone durn ical
usage. If P. is not known, it is determined from the default omc;llg‘.\'lt densities list: ]JP%&]JIE
6-1. Where population fluctuates, it may be averaged as described in Section 62.5.2.
R,  People Outdoor Air Rate: the outdoor airflow rate per nto I;;Fm\'idedinthe breathing
zone to dilute contaminants that are emitted at a rate that is related more to population than
to floor area. The value of R, for a zone is determined from Table 6.1
Vs, Breathing Zone Outdoor Airflow: the outdoor aurflow requured m the breathmg zome of an
occupisble space. gz = RyP; + Ry
T, Zone Outdoor Airflow: the design outdoor airflow required in the zone, ie., Ty, = I /E..
Fo  Outdoor Air Intake Flow: the design outdoor airflow required at the ventilation system
outdoor air intake.
Fop  Uncorrected Outdoor Air Intake: The outdoor air mfake flow required if the system
ventilation efficiency E, were 1.0. T, = D*IR,*F. + IR, "4,
T LZone Primary Airflow: The primary airflow supplied to the zone from the air-handling unit
at which the outdoor air intake is located, L's (cfm). It includes outdoor intake ar and
recirculated air from that air-handling umit but does not include air transferred or air
recirculated to the zone by other means.
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Figure 4-1 Ventilation System Schematic

Table E-1 Outdoor Air Requirements for Ventilation of Health Care Facilities
(Hospitals, Nursing and Convalescent Homes)

Estimated ‘Outdoor Air Requirements
Mazimum®
‘Occupancy
Application  P/1000 #) or 100 m?  cfmiperson cim/fi? Comments
Patient rooms 10 25 Special requirements or codes and pres:
Medical procedure 20 15 are relationships may determine nuimi-|
Operating rooms. 20 30 o ventilation rates and Slter
| Recovery and ICU 20 15 efficiency. Procadures generating con-
temninants may requize higher rates.
| Autopsy rooms 20 0.30 Air shll not be recirculated into other
spaces.
Physical therspy 20 15
+ Tablo E-1 prascribes supply mates i P i qualify. o dilets bz
B o : i i i o

*+* Nat ocrepishis spaca.
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Operation and Maintenance
Provide an O&M manual together with final system design drawings, updated and main-

tained on site.
Table 8-1 Minimum Maintenance Activity and Frequency
Item Acrivity Minimum Frequency®
Code
Filters and air cleaning devices A According to O & M Manual
Outdoor air B |Every three months or in accordance with O
dampers and actuators & M Manual
Humidifiers C Every three months of use or in accordance
with O & M Manual
Dehumidification coils D Regularly when it is likely that delnmidifi-
cation oceurs but no less than ence per year
or as specified m the O & M Manual
Drain pans and other adjacent D Once per year during cooling season or as
surfaces subject to wetting specified in the O & M Manual

Outdoor air intake louvers, bird screens, E Every six months or as specified in the O &
mist eliminators, and adjacent areas M Mamual

Sensors used for dynamic F Every six months or periodically in accor-
minimum outdoor air control dance with O & M Manual

Ajr-handling systems except for units G Once every five years
under

p 2000 cfm (1000 Lis)
Cooling towers H In accordance with O & M Manual or treat-
ment system provider
Floor drains located in plenums or I Periodically according to O & M Manual
rooms that serve as air plemmis
accessibility J
Wisible microbial inati K
Water infrusion or accumulation K
ACTIVITY CODE
Mimtain accordling to 0 & M Mamal

ty ir flowr aru loss tham 50% of the mxininwem omtdoor airram in the O

S MManml Soy n difio - inconfo
‘mamce with ths

H  Treat to limit the growh of microbiclogical coptamisants.

T Mumi i revess onsport of coamamanaty o s o i o s plan.

E

oz ‘mpecion

* Musimmm frequanciss mxy bo incremed or decreused if indicared in the OJM mamusl
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