CHAPTER 2. DESIGN CONDITIONS

This chapter presents the data from which the
outdoor design conditions are established for various
localities and inside design conditions for various
applications. The design conditions established de-
termine the heat content of the air, both outdoor
and inside. They directly affect the load on the
air conditioning equipment by influencing the
transmission of heat across the exterior structure
and the difference in heat content between the out-
door and inside air. For further details, refer to
Chapters 5 and 6.

OUTDOOR DESIGN CONDITIONS — SUMMER
AND WINTER

The outdoor design conditions listed in Table |
are the industry accepted design conditions as pub-
lished in ARI Sud. 53056 and the 1958 ASHAE
Guide. The conditions, as listed, permit a choice of
outdoor dry-bulb and wet-bulb temperawres for dif-
ferent types of applications as outlined below.

NORMAL DESIGN CONDITIONS — SUMMER

Normal design conditions are recommended for
use with comfort and industrial cooling applications
where it is occasionally permissible 1o exceed the
design room conditions. These outdoor design con-
ditions are the simultaneously occurring dry-bulb
and wet-bulb temperatures and moisture content,
which can be expected to be exceeded a few times
a year for short periods. The dry-bulb is exceeded
more frequently than the wet-bulb temperature, and
usually when the wet-bulb is lower than design.

When cooling and déhumidification (dehydra-
tion) are performed separately with these types of
applications, use the normal design dry-bulb tem-

perature for selecting the sensible cooling appara-
tus; use a moisture content corresponding to the
normal design wet-bulb temperature and 807, rh
for selecting the dehumidifier (dehydrator).

Daily range is the average difference between the
high and low dry-bulb temperatures for a 24-hr
period on a design day. This range varies with jocal
climate conditions.

MAXIMUM DESIGN CONDITIONS — SUMMER

Maximum summer design conditions are recom-
mended for laboratories and industrial applications
where exceeding the room design conditions for
even short periods of time can be detrimental to a
product or process.

The maximum design dry-bulb and wet-bulb
temperatures are simultaneous peaks (not individual
peaks). The moisture content is an individual peak,
and is listed only for use in the selection of sep-
arate cooling and dehumidifying systems for closely
controlled spaces. Each ol these conditions can be
expected to be exceeded no more than 3 hours in
a normal summer,

NORMAL DESIGN CONDITIONS — WINTER

Normal winter design conditions are recommended
for use with all comfort and industrial heating ap-
plications. The outdoor dry-bulb temperature can
be expected to go below the listed temperatures a
few times a year, normally during the early morn-
ing hours. The annual degree days listed are the
sum of all the days in the year on which the daily
mean temperature falls below 65 F db, times the
number of degrees between 65 F db and the daily
mean temperature.
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TABLE 1—OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER

NORMAL DESIGN AVG, MAXIMUM DESIGN NORMAL
COND.—SUMMER DAILY COND.—SUM MER DESIGN COND.
July at 3:00 PM RANGE July at 3:00 PM WINTER WIND DATA Eleva-
STATE . N E—— tion
AND : Moisture Moisture Avg. Velocity and | Above
ary Dry- | Wet-|Content™| Dry- Dry- | Wet-| Contentf | Dry- | Annual | Prevailing Direction Sea Lati-
Bulb | Bulb|.(gr/lb of| Bulb | Bulb | Bulb | (gr/lb of | Bulb | Degree Level | tude
(F) (F) | dryair)| (F) (F) (F) | dry air) | (F) Days | Summer | Winter (#) | (deg)
ALABAMA .
Anniston 95 78 17.5 19 5 2806 733 4
Birmingham 95 78 117.5 19 99 10 2611 505 BON 694 34
Mobile 95 8O 131 12 95 82 155.6 15 1566 9.0 SW 99N 10 3
Montgomery 95 78 117.5 15 10 2071 7.5 NW 293 32
ARIZONA :
Flagstaff 90 55 a1 26 ?0 -10 7242 7.7 SW 5,894 s
Phoenix 105 76 94 30 13 78 126.9 25 1441 50w 54E - 1,108 33
Tucson 105 72 77 30 Y 25 50w 52 NW | 2,376 32
Winslow 100 70 85 —10 4,853 35
Yuma 110 78 ?3 30 30 1036 67 N 146 33
ARKANSAS
Fort Smith 5 76 104.5 16 103 10 3226 70E BIE 448 35
Little Rock 95 78 117.5 16 103 83 145.5 5 3009 60 NW | B3 NW 324 35
CALIFORNIA
Bokersfield 105 70 54 25 ‘ 25 - 499 5
El Centro 110 78 94 43 33
Evreka 90 65 52 30 4758 70N 7.3 132 41
Fresno : 105 74 76 35 110 75 95.9 25 2403 B.0 NW | 5.4 NW 287 37
Laguna Beach 9 82 70 103.0 10 34
Long Beach 90 70 78 14 47 34
Los Angeles 90 70 78 14 94 35 1391 6.0 SW 6.4 NE 261 34
Oakland 85 65 60 17 94 68 99.3 30 17 38
e It I S i A ml [ I A N E——
Montague . ; 0 i 2,635 42
Pasadena 95 70 70 34
Red Bluff 100 70 62 305 40
Sacramento 100 72 73 18 30 2680 7.2SE .|. 116 39
San Bemadino 105 | 72| es 7 3
San Diegn 85 68 75 10 a8 74 78.4 a5 1596 70W 6.3 NW 26 33
San Fraoncisco 85 65 60 17 s 3137 | 120W 75N 17 38
San Jose 1 70 76.5 25| 2823 100 7
Williams 40 110 80 744 Bé 39
COLORADO .
Denver 95 64 60 25 99 48 B89.4 -10 5839 708 758 5221 40
*  Dwrango 95 65 70 - 6,558 7
Fort Collins -3 41
Grand Junction 9?5 65 62 24 C 102 68 86.2 -15 5613 6.0 SE 4.4 NW | 4,587 39
Pueblo 95 65 63 25 —20 5558 7.9 NW 4770 38
CONNECTICUT )
Bridgeport 95 75 99 14 0 9 41
Hartford 93 75 102 16 94 82 0 6113 7058 8.7 NW 58 42
New Haven 95 75 99 14 95 0 5880 708§ 94N 23 41
Waterbury -15 42
DELAWARE
Wilmington 95 78 117.5 15 [} 10.0 SW NW 134 40
DIST. OF COLUMBIA
Washington 95 78 117.5 18" 99 B4 | 1556 0 4561 5058 7.8 NW 72 39
FLORIDA )
Apalachicola 25 80 131 25 1252 5.0 SW 8.4 23 30
Jocksonville 9?5 78 117.5 17 99 82 150.5 25 1185 8.0 SW 9.0 NE 18 30
Key West 98 78 112.5 45 59 9.0 SE 10.6 NE 23 25
Miami o1 79 12 12 92 a1 150.5 a5 185 7.0 SE 10.1 E 1" 26
Pensacola 95 73- 117.5 12 20 1281 109 N 408 31
Tampa 95 78 17.5 14 95 30 571 6.0 NE 8.6 NE 25 28
Tallahassee 25 1463 N 68 30

*Corresponds to dry-bulb and wet-bulb nmﬁormrn listed, and is corrected for altitude of city.
fCorresponds to peak dewpoint temperature, corrected for altitude.



CHAPTER 2. DESIGN CONDITIONS

1-11

TABLE 1—OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER (Contd)

NORMAL DESIGN | AVG. | MAXIMUM DESIGN NORMAL
COND.—SUMMER | DAILY | COND.—SUMMER |DESIGN COND.
STATE July at 300 PM RANGE | July ot 3:00 PM WINTER WIND DATA '::--
— — n
AND Molstura Moisturs Avg. Valocity and | Abeve
ary Dry- | Wet-|Content® | Dry- | Dry- | Wei- |Contentt | Dry- | Annuol | Pravelling Direction | Ses | Leti-
Bulb | Bulb| (gr/ib of| Bulb | Bulb | Bulb | (gr/ih of | Bulb | Cogres — Lavel | tude
{F) {F) | dry air) (F) F) (F} | dry air} ] Days | Summer | Winter () | (deg)
‘GEORGIA
Atlanta 95 | 786 | 1095 1" 100 | 82 | 1505 10 | 2985 | 7.0 NW [11.7 NW 975 | 34
Auguite 98 | 76 | 100 " 10 | 2308 6.5 NW 195 | 34
Brumwick L s ]| uzs g ia e = 3
Colwmbys 98 | 76 | 100 L]
Macon 95 | 78| n7s 18 15 | 2338 | 508 67 NW 408 | 23
Savannah 5| 7| nzs 177 121 20 | 1635 | BOSW | 9.5 NW a2 | n
IDAHO
Boise 95 | &5 54.5 3 109 | 7 926 | —10 | 5678 | SONW | 9.1 SE 3,705 | 44
Lewiston 95 | &5 a4 78 5| sw09 4 E 763 | 4&
Pocarelio 95 | &5 1 28 100 -5 | &7 B9SE | 4488 | 43
Twin Falls —10 W 42
WLINDIS
Cairo o8 | 78| 1125 0| 3957 9.8 N9 | w
Chicago 95 | 75 9y 1] 104 | 80 | 1406 | =10 | 6282 | 10.0NE [12.0 SW 594 | 42
Danville SRS | G . ] e S _ =81 NW | 40
Makine 9 | 76 | 103 22 103 | 83 | 1558 | —10 s94 |
Peoria 9% | 76 | 103 20 100 —10 | 5004 | BOS 835 602 | 41
Springfield 98 | 77| 106 20 —10 | 5448 11.9 NW 403 | 40
INDIANA 1
Evansville o5 | 78| n2s 19 102 | 82 | 1505 0| 4410 | 705W | 975 388 | 38
Fort Wayne 95| 78 99 20 100 J =10 | 6232 | BOSW |104 SW 777 | 4
Indianapoiis | 95| 78| vo45 | 18 | 99 | | —10 | 5458 | 90SW [1135§ 715 | 40
South Bend -5 SW 7 | 42
Terre Haute 95 78 124 1,148 40
IOWA
Cedor Rapids -5
Davenport 95| 78| nrs 8 —15 | 8252 10.5 NW 648 | 42
Des Moines 95 | 78| 123 18 102 —15 | 8375 | 40SW |10.1 NW 800 | 42
Dubugque Sk ol O o W ) R RS S J=9 ) @an | 17 740 | 43
Fort Dodge —120 42
K sokuk s | 78| n7s —10 | 58683 8.2 SW &7 { 4
Sioux City 95 | 78| 124 1] 102 320 | 6905 | 1008 MNSNW | 1,111 | 43
Waterloo —15 43
KANSAS
Concordia 95| 78| 128 20 —10 | 5425 7758 1425 | 39
Dodge City " | | 132 2 106 —10 | 5069 10.6 2,522 | 32
S LI s A N " S (i NW| 1226 | 39
Topska 100 | 78 | 1005 19 —10 | 5075 [1005S 928 9 | 3
Wichita 100 | 75 98 n 110 | 79 | 1269 | —10 | 4844 | 1108 124 8 1,300 | 38
KENTUCKY
Lexington 0| are2 13.3 SW 989 | 38
Lowirwille 95 | 78| n7s 22 99 0| 44017 | 705w | 985w 459 | 38
LOUISIANA
Alexandria 20 N 0 | 32
New Orlec s 95 | 80| M 13 o5 | 83 | 18402 20 | 1200 | S0SW | BAN e | 30
Shreveport 100 | 78 | 1095 5 102 | 83 | 1505 20| 2132 | 508 8.8 SE 197 | 23
MAINE -
Augusta 0| 7 95 13 362 | 45
Bangor %0 | 7 9s 13 A5
Bar Harbor G Yoy U o T SN | 1 =15 il __NwW] | 4
Eastport 20 g 2
70 78 13 —10 | B445 | 7058 126 W 100 | 45
Miinocket e R v AR 8 S Ly RSN | MRS, EENEAN
Presque ' « 9644 NW a7
Portiand | 7 95 13 93 -5 | 7377 | 7058 10.4 NW 47 44
Rumbord —20 4d

tmmhwwmmmnw..ﬂumuw.amy.

fComrasponds 16 peak dewpoint temperatura, corrected for altitude.
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TABLE 1—OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER (CONT.)

NORMAL DESIGN AVG. | MAXIMUM DESIGN NORMAL
COND.—SUMMER DAILY COND.—SUMMER DESIGN COND.
July at 3:00 PM RANGE July ot 3:00 PM WINTER WIND DATA Eleva-
STATE 2 tion
AND Moisture Moisture Avg. Velocity and | Above
ary Dry- | Wet-|Content* | Dry- | Dry- | Wet-| Content | Dry- | Annual | Prevailing Direction | Sea Lati-
Bulb | Bulb | (gr/Ib of | Bulb Bulb | Bulb | (gr/Ib of | Bulb | Degree Level | tude
(F) (F) | dry air) (F) (F) (F) _ dry air) (F) Days Summer Winter (f1) (deg)
MARYLAND
Baltimore 95 78 117.5 18 99 0 4487 6.0 SW 8.2 NW 14 9
Cambridge - - e NW 39
__Cumberland 95 75 | 99 8 N N ) 39
Frederick -5 NW T
Frostburg -5 w 40
Salisbury 10 NW 40
MASSACHUSETTS '
Amherst -10 ’ NW 42
Boston 92 75 104 13 96 78 135.9 0 5936 9.0 SW |124 W 14 42
- S RS TN SN W . . o 42
Fitchburg 93 | 75 | 102 17 ~10 | e743 w Nw | 402 | 43
Lowell —15 : 43
_ Nontucket 95 | 75| e || | 0 14.8 45| 4
New Bedford 0 42
Plymouth -5 w 42
Springfield 93 | 75 | 102 17 —10 9.0 SW 199 | 42
‘Worcester 93 75 102 17 0 625 42
MICHIGAN _
Alpena 95 75 99 —10 8278 11.0 SW 615 45
Big Rapids —15 NW 43
Detroit 95 75 99 19 101 79 135.9 —-10 6560 | 10.0 SW | 12.0 SW 619 42
Esconabo i S ier o | -_-15 8777 9.5 NW 46
Flint 95 75 99 20 -10 w w 766 43
Grand Rapids 9?5 75 99 20 98 —10 6702 8.0 W 12.1 NW 638 43
Kalamazoo -5 w 42
Lansing 95 75 ¥|q‘ 20 L | ___:-_'lO_ - 7149 o 9.8 SW 861 43
Ludington —10 7458 1ew 44
Marquette 93 73 90 20 96 ' =10 B745 10.6 NW 652 47
Saginow 95 75 99 - 401 43
Savlt Ste Marie - 20 9307 8.9 SE 724 47
MINNESOTA '
Alexandria -25 NW
Duluth 93 73 96 19 —25 ; 9723 | 13.45W |13.45W 1,128 47
_ Minneapolis | 95 | 75 | 103 | 17 102 | | | —20| 796 |1005S 11.3 NW 839 45
$t. Cloud —23 46
St. Paul 95 75 99 17 103 79 1311 —20 7975 8.0 SE 9.5 NW 719 45
MISSISSIPPI .
Jackson 21 103 B3 155.6 15 5.0 SW 7.7 SE 316 32
Meridian 95 79 124 21 10 2330 4.0 SW 63N 410 32
Vicksburg 95 78 117.5 P 96 10 2069 6.0 TW 8.3 226 32
MISSOURI
Columbia 100 78 109.5 19 —-10 5070 B.9? 5SW 739 a9
Kansas City 100 76 106.5 19 109 79 135.9 =10 4962 208 10.3 NW 741 39
_ Kirksville L1 |19 | 108 82 150.5 o osw L 969 40
St. Louis 95 [ 78 117.5 20 108 81 135.9 0 4596 908 1185 465 39
5t. Joseph -10 5596 9.3 NW 817 40
Springfield 18 93 79 135.9 -10 4569 8.0S 10.9 SE 1,301 37
MONTANA
Billings 90 | 86 |. 70 20 104 —25 7213 124'W 3,119 46
Butte | l —20 NW | 5538 | 46
Great Falls | i —20 SW | 3,487 48
_ Havre 95 } 70 | 82 | 20 - ~30 | 8416 | 70E | 9.4SW | 2498 | 49
Heiena 95 | &7 | 7 : 20 97 | 70 774 | —20 | 7930 | 7.0SW | 7.4SW | 409 | 47
Kalispeli 95 65 56 | i —20 8032 5.2 3,004 48
Miles City —-35 7591 568 2,629 47
Missoula 95 | 66 49 l 20 1 —20 7604 E 3,205 A7

*Corresponds to dry-bulb ond wet-bulb temperatures listed, and is corrected for altitude of city.
tCoriesponds to peak dewpoint temperature, corrected for altitude.
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TABLE 1—OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER (CONT.)

MORMAL DESIGN AVG. | MAXIMUM DESIGN NORMAL
COND.—SUMMER | DAILY | COND.—SUMMER | DESIGN COND.
pop, July et 300 PM RANGE Juty at 3:00 PM WINTER WIND DATA ﬂ;v--
e — e e e e on
AND Moisture Moisture Avg. Velocity and | Abeve
ary Dry- | Wet- Content® | Dry- | Dry- | Wet-|Contentf| Dry- | Annual | Prevailing Direction| Sea | Lati-
Bulb | Bulb | (gr/ib of | Bulb | Bulb { Buib |(gr/ib of | Bulb | Degrea T Lavel | tud
(F) (F) | drycir) | (F) (F) | (F) | dry oir) | (F) Days | Semmer | Winter i) | (deg)
NEBRASKA
Grond hiand -20 1,85 | 41
Lincpln 95 | 78 | 124 20 106 —10 | 5980 | 905 104§ 1,180 | 41
Morfolk S [ U (SN . —13 __NwW! Nw 42
North Platts 95 | 78 | 135 26 | 104 | 78 744 | —20 | 6384 | 605 7w 2805 | 4
Omaha 95 | 78 | 123 20 108 | 80 | 1.0 | —10 | 6095 | 80S 97 NW 978 | 41
Valentine 95 | 78 | 138 20 —-25 | 77 9.2 24627 | 43
York —15 NW
NEVADA
Las Vegos ns | 7s 76 40 20 s 1,882 | 38
keno 95 | 65 2 | 4 02 | &6 66.9 —5 | s621 | 7osw | sow 4493 | a0
Tonopah 5| sen 9.9 SE 5,421 1}
Winnemucza 95 | 45 62 | 40 —15 | 4357 | 7o0SW | BINE | 4293 | &2
NEW HAMPSHIRE ' '
Beiin ~25 45
_Comword % [ 73| 95 14 il | —15 | 7400 | SONW | 62NW | 289 | 43
Kaene —20 NW 43
Manchester % | 7 95 14 92 171 | 43
Portsmouth 90 7 95 14 4]
NEW JERSEY .
Atlontic City 95 | 78 | 1178 14 5| 85015 |1305W | 158 NW 8 a9
Bloomfiaid 95 | 75 99 14 125 | 41
Comden g L 102 | 82 145.5 0 100 SW | 30| 40
East Orange 95 | 75 99 14 b D 173 4
Jarsay City 95 | 75 9% 0 NW 4
Tewek 0000 1 BT 0w 14 99 | 8 | 406 | 0| 5500 [1305W |17.1 NW 0] &
Patersan 95 | 75 99 " 95 13.0 SW 10| 4
Sandy Hook 0 | 5389 16.1 4
Trenton 95 | 78 | n1zrs 14 9 0| 525 | 9.05W | 109 NW 56 | 40
NEW MEXICO
95 70 P45 26 98 68 959 0 N7 BOSW | 7aN 5101 as
Roswell 95 | 70 (74 15 —10 | as7s | 405 PA RS 3843 | 22
Santa Fe 90 | 65 80 30 °0 0| 6123 | s0SE ZANE | 7000 | 38
NEW YORK
Albany 93 | 75 | 102 18 97 | 78 | 1M | —10 | ss48 | 705 105§ 19| 43
Binghamton 95 | 75 | 10as —10 | 818 6.8 NW 915 | 42
el (w7l %0 | w | 93|77 | vaes | -5 695 |r2osw |izaw | 604 | 43
Canton %0 | 73 93 —25 | 8305 | 8O 10.5 458 | 4
%r:s -10 NwW 43
ot S——"y - . .. I _w | &
Ihoca 1 ] =15 | evid 1.3 NW 2
Jomestown -~ 10 swW 42
. loke Plodd =CE P (N I — W .
New York City 95 | 75 99 14 100 | 81 | 1455 | o | 5280 [130s 16.8 NW 10| &
Ogdemburg —20 swW 45
Seee - 1t -1 - B 3 N N B2 —
Oswago | 7 90 i —10 | 7ies 1218 383 | 43
Rochaster o5 | 75 | 102 8 95 —5 | 6772 | 8.0SW | 9.6 W 543 | 43
Schanedady sl | w | R N5 | &
Syracuse 93 | 75 | 102 8 9 | 1 =10 | eaee | obs 1n2s 400 | 43
W atertown —15 Sw 4d
NORTH CAROLINA
Ashevills 93 | 75 | 114s 19 93 0 | 4236 | 6ONW | 9.5NW | 2,192 | 36
Cherione fes e | vzs | e _ 10 | 3224 | 50SW | 735w | 809 | 35
Greamboro 95 | 78 | 1235 15 10 | 3849 | 7.9 5W e | a7
Rolsigh 95 | 78| 178 15 98 | 82 | 1558 10 | 3275 | 405W | 7.95W 45 | 3
Wilmington 5 | 78 | 1175 15 95 | 81 150.5 15 | 2420 | 70SW | 9.4 5w 6| 34

'Cmmuwmmmmmw.mam for oltitude of city,
o peak dewpoint temperature, correcied for alfitude.
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TABLE 1—OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER (CONT.)

NORMAL DESION AVG. | MAXIMUM DESIGN NORMAL
COND.—SUMMER DAILY COND.—SUMMER DESIGN COND.

STATE iy at 3:00 PM RANGE July at 3:00 PM WINTER - WIND DATA Eleva-
et tion
AND Moisture Moisture Avg. Velocity and | Abeve
cry Dry- | Wet-|Content* | Dry- | Dry- | Wet- |Cententf| Dry- | Annval | Prevailing Direction| Sea | Lati-
Bulb | Bulb | (gr/Ib of| Bulb | Bulb | Bulb |(gr/lb of | Bulb | Degree Level | tude
(F) (F) | dry air) (F) (F) (F) | dry air) (F) Days | Summer | Winter . (ft) | (deg)
NORTH DAKOTA
Bismarck 95 73 95.5 9 103 -3 8937 9.0 NW | 9.1 NW 1,670 A7
_ Devih Lake 95 | 70 | 77 N | =30 | 10104 1.1 W | 1481 | 48
Fargo 95 75 104.5 9 —-25 10.9 NW 900 47
Grand Forks —25 9871 NW 832 48
Williston 9?5 73 96.5 - 35 9301 8.0 SE B.oW 1919 48
OHIO
Akron 95 75 99 19 -5 104 41
Cincinnati 95 78 117.5 22 106 a1 145.5 0 4990 7.0 SW 8.5 SW 553 39
__CIevofqnd - 95 B 75 B 99 7|9 L IQI ?’9 71 }i? i 0 6144 11.0 Si 14.7 SW 651 42
Columbus 95 | 76 | 1045 23 95 —10 | 5506 | 9.0SW |11.65W | 724 | 40
Dayton 95 78 123 23 99 0 5412 8.0 SW | 11.1 SW 900 40
.. S S S | N S I . .
Sandusky 95 75 99 0 6095 1.0 4608 42
Toledo 95 | 75 .99 9 99 - 10 6269 10,0 SW | 12.1 SW 589 42
Youngstown 95 75 29 19 : ; 1,186 41
OKLAHOMA =
Ardmore ) 10 N 762 34
Bartlesville -~ 10 N k4
Oklahoma City 101 77 108 21 104 J 0 3470 100 S 11.5§ 1,254 35
Tulsa 10 77 101.5 106 79 140.6 0 10058 N 804 36
OREGON
Baker 90 66 71 19 -5 7197 5.6 SE 3,501 44
Eugene 90 68 67 19 -15 366 44
Medford 95 |"70 | 76 19 ] i S . 1428 | 42
Pendleton -5 W | 1,494 | 46
Portland 90 68 &7 9 99 70 103.0 10 4353 SONW | 73S 30 48
Roseburg 90 66 57 19 40N 543 42
W amic 0 w 45
PENNSYLVANIA :
Altoona 95 75 99 14 -5 1,469 40
Bethlehem -3 41
Erie, 93 75 102 18 -5 4363 9058 13.6 SW 670 42
_Homisbog | 95 | 75 | 99 14 | 0| sa2 | | 7eNw| 339 | 40
New Castle [ NW 4
Qil City 95 75 99 18 ; 42
Philadelphia 9?5 78 117.5 14 7 0 4739 10,0 SW | 11.0 NW 26 40
_ Pittsburgh | 95| 75 | 1os 14 98 | 79 | 1289 0| 5430 | 90SW [11.6W | 1,248 | 40
Reading 95 | 75 99 0| 5232 9.0 3 | 40
Seranton 95 75 99 14 9?5 -5 6218 6.0 SW | 7.6 SW 746 41
Warren —-135 NW 41
Williamsport -5 NW 525 42
RHODE ISLAND
Block lsland 95 75 99 5897 20.6 NW 46 41
Pawtucket 9?3 75 102 14 41
Providence 93 75 102 14 0 5984 10.0 NW | 12.1 NW 8 42
SOUTH CAROLINA
Charleston 95 78 117.5 17 98 82 155.6 15 1866 10.0 SW | 10.5 SW 9 k]
Colurkbia 95 75 99 17 10 2488 8.0 SW 401 M
Greenville 95 76 104.5 7 10 3059 7.0 NE 8.4 982 s
SOUTH DAKOTA
Huron 95 75 106 19 106 76 126.9 —-20 7940 | 10,0 SE 10.7 NW 1,282 44
Rapid City 95 70 BS 22 103 71 ' 95.9 —-120 7197 YRS 80 W 3,231 44
Sioux Falls 95 75 99 20 —=20 NW |- 1,427 43

*Corresponds to dry-bulb and wet-bulb temperatures listed, and is corrected for alfitude of city.
fCorresponds to peck dewpoint temperature, corrected for alfitude.
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TABLE 1—OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER (CONT.)
NORMAL DESIGN | AVG. | MAXIMUM DESIGN NORMAL
COND,—SUMMER | DAILY | COMD.—SUMMER | DESIGN COND,
STATE July ot 3:00 PM RANGE Jly ot 300 PM WINTER WIND DATA Eleva-
tien
AND Moisturs Maisturs Avg. Velocity and | Abave
ary Dry- | Wel-|Content®| Dry- | Dry- | Wet- | Contenti| Dry- | Annval | Preveiling Direction | Sea | Lati-
Bolb | Bulb | (gr/lb of| Buls | Bulk | Bulb | (gr/lb of | Bulb | Degres Leval | tude
(F (Fl | dryair)| (F) (F} (F) | dry air) | (F) Days | Summer | Winter (f) | (deg)
TENNESSEE
Chattonooga 95 76 104.5 18 8 10 3238 40 SW | 77 NW 489 35
Johnson City | | 0 i w 38
Knoxville 95 | 75 | 1035 7 100 | 79 | 1359 0| 3858 | 60SW | 7.25W 921 | 38
_ Memphis 95 | 78 | 1175 18 103 | 83 | 1556 0| 3090 | 705W | 93 W 271 as
MNashville 95 | 78 | 1178 17 o8 0| 3613 | BOWwW | 9.8 NW 485 | 238
TEXAS
Abilene 100 | 74 93 15 | 2573 | 908 10.1 8 1748 | M2
Amarilio we | 72 1.6 22 100 | 75 | 1104 | —10 | 4196 |1108 121 SW | 3,857 | 235
Austin wo | 78 | 1098 19 20 | 1679 BIN 625 | M
Brownaville 95 | 80 | 1M 20 | 96 | 80 | 1505 30 620 | 90SE | 104 SE 35 | 28
Corpus Cheisti 95 | 80 | 1M 20 965 |130SE [11.0SE 21 | 28
Dallos 100 | 78 | 10905 7n 105 | 80 | 1359 0| 2267 | s0S 10.6 NW 40 | M
Del Rio 100 | 78 | 115 15 | 1501 |100 SE 8.0 SE 1020 | 29
B Paso 100 | 69| 73 23 | w0 | 72 | 1088 10 | 2532 | 90E | 90NW | 3720 | 32
Fort Worth 100 | 78 | 1095 21 10 | 2355 [100 10.5 NW 708 | 33
Galveston 95 | 80 | 13 14 20| 1nza | 905 11,2 SE 6| 29
Houston 95 | 80 | 131 14 100 | 8 150.5 20 | 1315 [ 80s |105SE | 52 | 30
Polestine 100 | 78 | 109.5 15 8.0 555 | 32
Port Arthur 95 | 79 | 124 20 | 1532 107 64 | 30
San Antonio 100 | 78 | 1095 19 102 | 83 | 1684 20 | 1435 | 7.0 SE 8.3 NE b4s | 29
UTAH
Modeno 95 | &5 86 25 97 | 86 803 | —15 | 4598 [11.05W | 90 5479 | 18
Logon -15 42
Ogden —10 s dads | 4
Salt Lake City 95 | &5 81 25 102 | &8 894 | —10 | 5850 | 708 7ASE | 4222 | 4
VERMONT
Bennington -10 43
Burbington 9 | 7 95 7 7] —10 | 8051 | 805§ 168§ 308 | 44
Rutiand 90 | 73 95 7 -20 43
VIRGINIA
Cape Henry 95 | 78 | 1173 10 | 3538 140 u | w
Lynchburg 95 | 75 99 16 | 99 | - 5 | 4068 B 8.1 ass | a7
Nortolk 9s | 78 | n7s 1% 95 15 | 3384 {108 1.1 N nji| w
Richmond 95 | 78 | n17s 14 98 15 | 3922 | 0SW | 8.1 SW 162 | 38
Roanoke 95 | 76 | 1115 16 0 | 4075 B2 W 1,194 | 38
WASHINGTON
Morth Head 85 | &3 80 20 | s3s7 16.1 199
Seattie BS | 45 40 7 88 | 70 99.3 15| 4815 | 70N 9.8 SE id | 48
Spokane 93 &5 54.5 28 106 68 7.9 —15 6318 7OSW | 625W | 1,879 ']
Tocoma 85 | 64 | 555 [ w7 | 15 | soag 8.0 279 | 47
Tatoosh lslond 15 | 5857 189 10 | 48
Walle Walla 95 | &5 7.5 % 108 —10 | 40 545 952 | 48
W anaiches 90 | &5 52 20 48
Yakima 95 | &5 48 20 5 | 5385 '] 1,060 | 47
WEST VIRGINIA
Bhuefisld 95 | 75 99 14 37
Charleston 95 | 75 99 18 102 0 4D SW W 603 | 38
Elkins B —10 | s800 | | e2w | 2006 | 39
Huntington 95 | 76 | 1045 16 =y W 3
Martimburg -5 540 19
Parkarsburg 95 | 75 99 i o8 —=10 | 4928 | 4.0 SE 7.2 SW 815 | ap
Wheeling 95 75 99 14 -5 40

'Mudry-b&ndw%rmlﬁd.ﬂnmdfwm-dm.
tCorresponds to peak dewpoint temperature, corre. +d for oltitude.
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TABLE 1—OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER (CONT.)

NORMAL DESIGN AVG. | MAXIMUM DESIGN NORMAL
COND.—SUM MER DAILY | COND.—SUMMER |DESIGN COND.
STATS " July at 3:00 PM RANGE July at 3:00 PM  WINTER WIND DATA Eleva-
tien
AND Moisture Moisture Avg. Velocity and | Above
ary Dry- | Wet-|Content* | Dry- | Dry- | Wet-|Contentf | Dry- | Annual | Prevailing Direction| Sea | Lati-
- | Bulb | Bulb| {gr/Ib of| Bulb | Bulb | Bulb | (gr/Ib of | Bulb | Degree Level | tude
(F) | (F) | dryaie)| (F) | (F) | (F] |dryair) | (F) | Days | Summer | Winter | (ft) | (deg)
WISCONSIN
Ashland -—20 sw 42
Eau Claire —20 NW 885 45
Green Bay 95 75 99 14 99 79 131 - 20 7931 8O0S 10.5 SW 589 45
La Crosse 95 75 99 7 100 83 161.2 —25 7421 608 938 673 44
Madison 95 75 103.5 18 96 —15 7405 8.0 SW | 10.1 NW 938 43
Milwaukee 95 75 99 14 99 —~15 7079 POSW |12 W 619 43
WYOMING
Casper —20 SwW 532 43
Cheyenne 95 65 48.5 28 -15 7536 908 133 NW | 6,139 | 42
Lander 95 65 66 28 —-18 8243 S50sSw | 39 5448 44
Sheridan 102 —-30 7239 SONW | 49NW | 3773 45
CANADA
PROVINCE
AND
Ty
ALBERTA ;
Calgary 90 | 66 7 —29 | 9520 | 97 10.1 3,540 | 51
Edmonton 90 68 77 —33 10320 8.9 7.6 2.9 54
Grond Prairie o ] 7:!9 . 7.9 2,190 55
Lethbridge | -—32 8650 15.0 3,018 50
McMurray —42 1,216 57
Medicine Hat 90 45 —35 8450 LA 9.0 2,345 50
BRITISH COLUMBIA
Estevan Point 17 9.9 20 49
Fort‘Nelson —38 37 | 1,230 59
Penficton ] 1 . I R (s | LI | 1121 | 50
Prince George —31 93500 7.2 2,218 54
Prince Rupert ] 6910 8.0 170 54
Vancouver 80 67 78 . 1] 5230 7.7 22 49
Victoria . 15 5410 123 228 Pt}
MANITOBA
Brandon —32 |-10930 1,200 50
Churchill — 42 16810 147 1135 59
The Pos -39 6.4 894 54
Winnipeg 90 71 83.5 —29 | 10630 | 11.5 12.0 786 50
NEW BRUNSWICK
Campbeliton -1n 42 48
Fredericton 90 75 107 -6 8830 9.2 164 46
Moncton -8 8700 e 248 46
Saint John -3 8380 7.9 13.8 119 45
NEWFOUNDLAND
Corner Brook -1 9210 40 49
Gander -3 9440 17.2 482 49
Goose Bay —26 12140 10.3 144 53
Sainf Johns 1 8780 19.3 443 48
NORTHWEST
TERRITORIES
Aklavik — 46 17870 30 1]
Fort Normen . —42 | 16020 | 00| 65
Frobisher — 47 68
Resolute — 42 9.2 56
Yellowknife — 47 " 682 62

*Corresponds to dry-bulb ond wet-bulb temperatures listed, and is corrected for altitude of city.
{Corresponds to peak dewpoint temperature, corrected for altitude.
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TABLE 1—-OUTDOOR DESIGN CONDITIONS—SUMMER AND WINTER (CONT.)

NORMAL DESIGN | AVG. | MAXIMUM DESIGN NORMAL
COMD.—SUMMER | DAILY | COND.—SUMMER | DESIGN COND.
CAMNADA Juby at 300 PM RANGE iy at 300 PM WINTER WIND DATA l';“-
- - en
PROVINCE Malsture Meolsture Avg. Yelocity and | Above
AND Dry- | Wet-|Contemt® | Dry- | Dvy- | Wel-| Content | Dry- | Annwal | Prevailing Direction| Sea | Lati-
cIry Bulb | Bulb| (gr/ib of | Bulb | Bulb | Bulb | (gr/Ib of | Bulb | Degree Lewel | tude
(F) (F) | dryair) | (F) (| (F) | dryair) | (F) Days | Summer | Winter (#) | deg)
NOVA SCOTIA
Halifax % | 75| 107 4| 7570 | 646 9.6 83 | 45
Sydney | 8220 | 9.9 13.1 197 46
Yarmouth 7| 7520 12,5 136 | 44
ONTARIO
Fort William —24 | 10350 | 8.4 9.6 44 | 48
Homilton 0 4890 303 43
Kapushasing -~30 | 117%0 10.0 752 A9
Kingston —11 | 7810 10.8 340 | 44
Kitchaner -3 7380 1,100 43
Londen . -1 1.y 92| 43
North Bay ; —-20 0.8 na 1,210 | 48
Offawa 90 | 75 | 107 B . —15 | 8830 | 89 1.1 339 | 45
Patertorough =11 448 | 44
Soulx Lookout -1 8.5 1227 | 50
Sudbury -7 837 | 47
Timmirrs _| - —26 _ 1,100 | 48
Toronto 9| 75 | 102 . o 7020 | 8.1 14.1 379 | 43
Windsor 3 123 837 | 42
Sault Ste. Marie 93| 75 | 102 835 | 47
PRINCE EDWARD
ISLAND
Charlottetown -3 | 8380 | 87 na 74 | 48
QUEBEC
Arvida —19 | 10440 8.2 | 375
Knob Lake — 40 1,605 | 55
Mont Joli i : _ - -11 ) B ALEE 150 | 48
Montreal % | 75 | w07 -9 | a130 | 99 123 BRCART
Port Harrlson —39 134 &6 58
Quebsec City 0 | 75 | wr ) B —12 | 9070 | 90 124 % | 47
Seven kslands —20 190 50
Sherbrooke —12 | 8610 8.2 620 | 45,
Three Rivers —-13 . 50 -46
SASKATCHEWAN
Princs Albert —41 | 11430 49 1414 | 53
Regina 0 71 92.5 —34 | 10770 |124 12,1 1,884 50
Saskatoon 90 | 70 8] —37 | 10960 | 107 27 1,645 52
Swift Currant —33 | 9480 « |48 2,677 | 50
YUKON TERRITORY ‘
Dawson —56 | 15040 1,062 | 64
Whitehorse —43 87 2,289 | 61

Mhmﬂwmbud.udkmmﬂhnw'ddm
me“hpdmhm,Mhm.
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CORRECTIONS TO OUTDOOR DESIGN CONDITIONS
FOR TIME OF DAY AND TIME OF YEAR

The normal design conditions for summer, listed
in Table 1, are applicable to. the month of July at
about 3:00 P.M. Frequently, the design conditions
at other times of the day and other months of the
year must be known.

Table 2 lists the approximate corrections on the
dry-bulb.and wet-bulb temperatures from 8 am. to
12 p.m. based on the average daily range. The dry-
bulb corrections are based on analysis of weather
data, and the wet-bulb corrections assumne a rcla-
tively constant dewpoint throughout the 24-hr
period.

Table 3 lists the ap?roximate corrections of the
dry-bulb and wet-bulb temperatures from March to
November, based on the yearly range in dry-bulb
temperature (summer normal design dry-bulb minus
winter normal design dry-bulb temperature). These
corrections are based on analysis of weather data
and are applicable only to the cooling load estimate.

Example 1 — Corrections to Design Conditions

Given:
A comfort application in New York City.

Find:
The approximate dry-bulb and wet-bulb temperatures at
12:00 noon in October,

Solution:

Normal design conditions for New York in July at 3:00

p.m, are 95 F db, 75 F wh (Table I).

Daily range in New York City is 14 F db,

Yearly range in New York City = 95 — 0 = 95 F db.

Correction for time of day (12 noon) from Table 2:
Dry-bulb =—5 F
Wet-bulb = -1 F

Correction for time of year (October) from Table 3:
Dry-bulb = =16 F
Wet-bulb = — 8 F

Design conditions at 12 noon in October (approximate) :
Dry-bulb =95 —5—16 =74 F
Wet-bulb=75—1— 8§=66F

INSIDE COMFORT DESIGN CONDITIONS —
SUMMER

The inside design conditions-listed in Table 4 are
recommended for types of applications listed. These
conditions are based on experience gathered from
many applications, substantiated by ASHAE tests.

The optimum or deluxe conditions are chosen
where costs are not of prime importance and for
comfort applications in localities having summer
outdoor design dry-bulb temperatures of 90 F or less.
Since all of the loads (sun, lights, people, outdoor
air, etc.) do not peak simultaneously for any pro-
longed periods, it may be uneconomical to deésign
for the optimum conditions.

TABLE 2—CORRECTIONS IN OUTDOOR DESIGN TEMPERATURES FOR TIME OF DAY
{(For Cooling Load Estimates)

DAILY SUN TIME
RANGE OF | DRY-
TEMPERA - OR AM M
TURE WET- |
{F) BULB 5 10 12 7 3 “ [ [ ] [ ”
0 Dry-Bulb —1 -7 —5 =1 o = —2 -3 —1 -y
W et-Bulb -2 - 2 —1 0 0 0 -1 -1 - 2 -2
18 Bule | —12 -9 —5 -1 0 -1 =2 - 0 —10 —14
‘wabat | =3 | -2 | =t | "o | o I D e A N T
20 | Dry-Bulb —14 —10 -5 -1 [} -1 -3 -7 -n =14
W et-Bulb - 4 3 -1 i . __0_ _.0 0 -1 -2 -3 - i
25 Drydek | —16 | =10 | -5 =1 0 = =3 - —13 —18
Wet-Bulb — 4 -3 -1 | o 0 0 -1 - 3 -3 -5
T30 | Dry-Buib —~18 -12 —4 -1 0 =1 -4 —10 —-15 -2
37“.-. -5 - 3 -1 ] 0 0 -1 -4 -4 -6
3 Dry-Bulb =21 | -4 -7 -1 | 0 -1 -6 -2 —18 —24
Wet-Bulb - 6 - 4 -2 o 0 0 -1 -3 -5 -7
— Tk —74 Ty —8 -1 0 —1 -7 -4 =2 -8
W er-Bulb -7 - 4 —12 (] 0 0 o | -4 - & -9
as Dry-Bulb | —126 =17 -8 -2 0 -2 -8 -6 —24 -3
Wet-Bulb -7 - 5 -2 0 0 -1 -2 -4 -8 - 10

*The daily range of dry-bulb temparature is the difference betwaen the highest and lowest dry-bulb femperature during a 24-hour period on a typical

design day. |See Table | for the volue of daily range for o particular city).

Eqmomauﬁgnu-puumnmm—ommwmrﬁul + Correction from above table.
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TABLE 3—CORRECTIONS IN OUTDOOR DESIGN CONDITIONS FOR TIME OF YEAR
(For Cooling Load Estimates) '
YEARLY _
RANGE OF DRY-. OR TIME OF YEAR
TEMPERA - WET-BULB -
TURE(F)* March April May June July Avgust Sept. Oct. Mov.
120 Dry-Bulb <39 —-27 =11 ey ) 0 =9 —24 — a4
Wet-Bulb -23 =12 -5 -2 0 4] - -3 - 27
ns Dry-Bulb -3 -22 -1 —i 0 1] -8 - —20 —34
Wet-Bulb -1:' -1 -5 -2 0 0 —4 -0 -2
1o Dry-Bulb —30 Ty -n —d 0 0 —6 -7 -3
Wei-Buib -5 -0 | -5 | -2 0 0 -3 -8 | -6
105 Dry-Bulb ~30 ~20 = Py 0 0 - =7 —129
 Wersub —15 ~10 -5 -2 0 o | -3 - 8 —14
100 Dry-Bulb -9 - 19 - 10 -3 0 0 - -1é -7
W et-Bulb - 14 -0 -5 -2 0 0 -3 -8 —14
95 Dry-Bulb —29 T ST =3 0 0 - ST ~%7
W et-Bulb — 14 =10 - 5 -2 0 0 -3 — 8 - 14
20 Dry-Bulb - 29 - 19 - 10 -3 0 0 - —16& -26
Wet-Buib -14 —~10 —5 -3 0 0 —~3 -8 —14
1] Dry-Bulb -9 T —9 -3 0 ) -3 BT =25
W oet-Buliz —1d B - 10 - 5 -2 0 0 -3 - B —-14
80 Dry-Buib - 24 -168 - 8 -3 /] [1] - -=12 —20
‘Wet-Bulb -13 -9 - 4 -3 /] 0 -3 - & -1
75 Dry-Bulb - 14 -9 - 4 -1 0 0 -3 -7 -15
Watbvit -7 1 -3 -2 | © 0 0 —-2 — 4 -8
70 Dry-Buib -13 -9 — 4 =1 1] Q -2 -7 - 14
‘WetBulb - -] - 4 - 2 - U] 0. -"__... -1 — 4 -8
&5 Dry-Bulb -1} — 8 — 4 -1 (] 0 -2 - & -12
Wet-Bulb -6 -4 1 —2 | o] o 0 =1 -3 -6
60 Dry-Bulb -9 -7 - 3 -1 ] 4] -2 - 5 - 10
Wet-Bulb 4 -3 -2 | 0 0 o =1 -3 -3
55 Dry-Bulb - & - § - 3 -1 0 ] -2 — 4 — B
Wet-Bulk - 3 -3 - 2 L] 0 0 -1 - 2 - 4
50 -5 -4 =3 = 0 [ -2 — 4 -7
Wet-Bulb -3 - 2 -1 0 0 0 -1 - 2 -3

*Yearly range of temperature is the difference between the summer and winter normal design dry-bulb temperatures (Table 1).
Equation: Ovtdoor design temperature = Outdoor design temperature from Toble 1 + Corrections from above table,

The commercial inside design conditions are rec-
ommended for general comfort air conditioning ap-
plications. Since a majority of people are comfort-
able at 75 F or 76 F db and around 459, to 509, rh,
the thermostat is set to these temperatures, and these
conditions are maintained under partial loads. As
the peak loading occurs (outdoor peak dry-bulb and
wet-bulb temperatures, 1009, sun, all people and
lights, etc.), the temperature in the space rises to the
design point, usually 78 F db. '

If the temperature in the conditioned space is
forced to rise, heat will be stored in the building
mass. Refer to Chapter 3, “Heat Storage, Diversity
and Stratification,” for a more complete discussion
of heat storage. With summer cooling, the tempera-
ture swing used in the calculation of storage is the

difference between the design temperature and the
normal thermostat setting.

T]:le-rangc of summer inside design conditions is
provided to allow for the most economical selection
of equipment. Applications of inherently high sen-

sible heat factor (relatively small latent load) usually
result in the most economical equipment selection if
the higher.dry-bulb temperatures and lower relative
humidities are used. Applications with low sensible
heat factors (high latent load) usually result in more
economical equipment selection if the lower dry-

bulb temperatures and higher relative humidities
are used.

INSIDE COMFORT DESIGN CONDITIONS —
WINTER

For winter season operdtion, the inside design
conditions listed in Table 4 are recommended for
general heating applications. With heating, the
temperature swing (variation) is below the comfort
condition at the time ol peak heating load (no
people, lights, or solar gain, and with the minimum
outdoor temperature). Heat stored in the building
structure during partial load (day) operation reduces
the required equipment capacity for peak load oper-
ation in the same manner as it does with cooling.



PART 1. LOAD ESTIMATING

TABLE 4—RECOMMENDED INSIDE DESIGN CONDITIONS*—SUMMER AND WINTER

SUMMER

TYPE OF Deluxe

Commercial Practice With Humidification Withewt Humidification

APPLICATION Dry-
Bulb
(Fi

Dry-
Buib

¥

Rel
Hum,
%)

Tomp.

Temr " Dry- Ory- amp
Swingt Buib Swing | Bl Swing
Fl F (L] F 1] !

GENERAL COMFORT
Apt., House, Hotel, Office T4-TE
Mowpatal,

s afr

7779

30-45

£ |3fz

24 | 7478 b

Bonk, Barber o Beawty 7678

:

7880

50-45

2v04 | 7274 |3sa0ee| I 7375 | -4

LOW SENSIBLE HEAT

FACTOR APPLICATIONS

[High Latent Load) 7678
Auditorium, Church, Bar,
Restourant, Kitchen, et

12 | 7294 | w0as | ~2. 7476 | —4

FACTORY COMFORT
Assembly Areas, 77-80
Machining Rooms, ete

55-43

80-83

60-350

30s | a2 | 3830 =l 7074 | —6

*The room design dry-bulb tamperature should be raduced whan hot radiont panels are adjacent to the ccupant and increased when cold
adjocent, to compemate for he increate or deceave in radiant heat exchange from the body. A hot or cold pamel may be wnshoded glams or
block windaws [hot » , cold in winter] ond thin-porition with hot or cold 1poces odiocent. An unheoted slob floor on the ground or wolh

fis

e ground level are cwid paneh during the winter and frequently during the swmmer oho. Hot tanin, furmoces or madiines ere hot poaeh.
Temperature swing it above the thermosiof sefting of peak wmmer load conditiom.

1Temparature ywing is below the thermostat sefting of peak winter lood conditiom [mo lights, people or solar heat gain).
**Winter humidificotion in retoil dothing shops is recommanded to maintain the quolity textwe of goods

INSIDE INDUSTRIAL DESIGN CONDITIONS

Table 5 lists typical temperatures and relative
humidities used in preparing, processing, and manu-
facturing various products, and for storing both raw
and finished goods. Thest conditions are only typical
of what has been used, and may vary with appli-
cations. They may also vary as changes occur in
processes, products, and knowledge of the effect of
temperature and humidity. In all cases, the tem-
perature and humidity conditions and the permis-
sible limits of variations on these conditions should
be established by comman agreement with the cus-

tomer.

Some of the conditions listed have no effect on the
product or process other than to increase the effi
ciency of the employee by maintaining comfort
conditions. This normally improves workmanship

«and uniformity, thus reducing rejects and produc-
tion cost. In some cases, it may be advisable to
compromise between the required conditions and
comfort conditions to maintain high quality com-
mensurate with low production cost,

Generally, specific inside design conditions are
required in industrial applications for one or more

of the following reasons:

I. A constant temperature level is required for
close tolerance measuring, gaging, machin-
ing, or grinding operations, to prevent expan-
sion and contraction of the machine parts,
machined products and measuring devices.
Normally, a constant temperature is more im-
portant than the temperature level. A constant
relative humidity is secondary in nature but
should not go over 45%, to minimize formation
of heavier surface moisture film.
Non-hygroscopic materials such as metals, glass,
plastics, ewc., have a property ol capturing
water molecules within the microscopic surface
crevices, forming an invisible, non-continuous
surface film. The density of this film increases
when relative humidity increases. Hence, this
film must, in many instances, be held below a
critical point at which metals may etch, or the
electric resistance of insulating materials is sig-
nificantly decreased.

2. Where highly polished surfaces are manufac-
tured or stored, a constant relative humidity
and temperature is maintained, to minimize
increase in surface moisture film. The tem-
perature and humidity should be at, or a little
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below, the comfort conditions o minimize
perspiration of the operator. Constant tem-
perature and humidity may also be required
in machine rooms to prevent etching or cor-
rosion ‘of the parts of the machines. With
applications ol this type, if the conditions are
not maintained 24 hours a day, the starting of
air conditioning after any prolonged shuidown
should be done carefully: (1) During the sum-
met, the moisture accumulation in the space
should be reduced before the temperature is
reduced; (2) During the winter, the moisture
should not be introduced before the materials
have a chance 1o warm up if they are cooled
during shutdown periods.

. Control ol relative humidity is required to
maintain the strength, pliability, and regain of
hydroscopic materials, such as textiles and
paper. The humidity must also be controlled
in some applications to reduce the effect of
static electricity. Development of static electric
charges is minimized at relative humidities of
55%, or higher.

- The temperature and relative humidity con-
trol are required to regulate the rate of chemi-
cal or biochemical reactions, such as drying of

varnishes or sugar coatings, preparation of
synthetic fibers or chemical compounds, fer-
mentation of yeast, etc. Generally, high tem-
peratures with low humidities increase drying
rates; high temperatures increase the rate of
chemical reaction, and high temperatures and
relative humidities increase such processes as
yeast fermentations.

5. Laboratories require precise control of both
temperature and relative humidity or either.
Both testing and quality control laboratories
are frequently designed to maintain the ASTM
Standard Conditions® of 73.4 F db and 507
rh.

6. With some industrial applications where the
load is excessive and the machines or materials
do not benefit from conuolled conditions, it
may be advisable 1o apply spot cooling for the
relief of the workers. Generally, the conditions
to be maintained by this means will be above
normal comfort.

*Publithed in ASTM pamphlet dated 92948, These condi-
thoms have alsn been approved by the Technical Committee
on Standard Temperaiure and Relative Humidity Conditiona
of the FSB (Federal Specifications Board) with ome waria-
tion: FSE permiiy =49, whereas ASTM requires =27, per-
mismahle humidity tolerance.
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TABLE 5—TYPICAL INSIDE DESIGN CONDITIONS—INDUSTRIAL
(Listed conditions are only typical; final design conditions are established by customer requirements)

DRY-
BULB RH
INDUSTRY" PROCESS {F) (%)
ABRASIVE Manufagture 75-80 45-50
BAKERY Dough Mixer 75-80 40-50
Fermenting 75-82 70.75
Proof Box 92-96 80-85
Bread Cooler 70-80 80-85
Cold Room 40-45 —
Make-up Rm. 78-82 45-70
Cake Mixing - ?5-105 -—
Crackers & Biscuits 60-65 50
Wrapping 60-65 60-65
Storage —
Dried Ingred. 70 55-65
Froch ngred. 045 | 8085
Flour 70.75 50-65
Shortening 45-70 55-60
Sugar 80 35
Water 32-35 —
Wax Paper 70-80 40-50
BREWERY | srorage—
Hops R 30-32 55.60
Grain 80 &0
Liguid Yeast 32-34 75
Lager 32-35 75
Ale 40-45 ys
Fal;;nenfhg Ceilar—
Lager 40-45 75
Ale 55 75
Racking Cellar 32-35 75
CANDY — Cuild:r Centers 80-85 40-50
CHOCOLATE Hand Dipping Rm. 60-45 50-55
Enrobing Rm. 75-80 55-60
Ellrobingf—“ -
loading End 80 50
Enrober L L
Stringing 70 40-50 _
Tunnel - 40-45 | DP — 40
Packing 45 | 335
Pan Speciality Rm. 70.75 45
General Storage 6570 40-50
CAMDY —HARD Mig. 75-80 30-40
Mixing & Cooling 75-80 40-45
Tunnel ) 55 DP — 55
Packing 65.75 40-45
Storage $5.75 45.50
Drying —Jellies, Gums | 120-150 15
Cold Rm.—
Marshmallow 75-80 45-50
CHEWING GUM Mig. 77 1
Rolling &8 83
Stipping 72 53
Breaking 74 a7
Wrapping T4 58

DRY-
BULB RH
INDUSTRY PROCESS {F) (%)
CERAMICS Refraciory 110-150 | 50-90
Molding Rm. 80 60-70
Clay Storage B 60-80 B 35-65 )
Decal & Decorating 735-80 45-50
CEREAL Packaging 75-80 45.50
COSMETICS Mig. 6570 —
DISTILLING Storage—
Grain — 60 35-40
Liquid Yeast 3234 |
Mig. ) 60-75 4560
Aging 65-72 50-60
ELECTRICAL Electronic & X-roy
PRODUCTS Coils & Troms,
Winding 72 15
Tube Assem, 48 40
Elsctrical inat.
Mig. & Lab. 70 50-55
Assom. &
Calib. 76 50.55
Humidistct Assem.
& Calib. 76 50-55
Close Tol. Agiem. 72 40-45
Meter Assem. Test T4-76 60-63
Swithgear— |
Fuse & Cut-Owt
_Awem. =} 73 | O
Cop. Winding L »
Paper Storoge 73 50
Conductor Wrapping 75 65-70
Lightning Arrestor 8. 20-40
Cirevit Brkr.
Assem. & Test 76 30-60
Rectifiers— P
Process Selenivm i
& Copper Oxide
Plates 74 30-40
FURS Drying 1o -_—
Shock Treatment 18-20 —
Storage 40-50 55-65
GLASS Cutting . Comfort
Vinyl Lam. Rm. ‘55 15
LEATHER Drying— e B -
Veg. Tonned 70 75
Chrome Tonned ___1_2_9_ 175
Storage 50-80 40-60
LENSES— Fusing Comfort
OPTICAL Grinding 80 50
MATCHES Mig. 72.74 50
Drying - 70-75 40
Storage 60-62 50
MUNITIONS Metal Percussion
Elements— .
" Drying P | 190 |7
Drying Paints | 110 | —
Black Powder Drying 125 s
Condition & Load
Powder Type Fuse 70 40
lood Tracer Peliets 80 40
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TABLE 5—TYPICAL INSIDE CONDITIONS—INDUSTRIAL (Contd)
(Listed conditions are only typical; final design conditions are established by customer requirements)

DRY- DRY-
BULB AH BULB RH
INDUSTRY PROCESS ) (%) INDUSTRY PROCESS (F) (%)
PHARMACEU- Powder Storage | | B TEXTILES (cont.) | CoMon, cont. o
e Safore Mfp. 7080 | 3035 g Spiming S
Afrer Mig. 75-80 15-35 Conventional 80-85 8070
Milling Re. 80 s Long Draft 80-85
Tablet 70.80 40 Frome Spinning 80-85 | 5560
Tablet Coating 80 s Spocling, Warping | 78-80 | 60-65
Srlervesen— - Weaving 7680 | 7085
s :":::' 7;-_20 ;‘; Cloth Room 75 6570
"fm* al Lk == st st A
Colloids 70 30-50 Combing 75 | 5565
Cough Syrup 80 40 linen I
Glondular Prod. 78-80 5.10 Cording, Spinning | 7580 | 60
Ampule Mfg. 80 a5 Wetving 80 80
Gelatin Capsule 78 40-50 i s Syt !
Capsule Storage 75 | 35.40 colens =
Microonahysis Comiort Pickers _80-85 40
Biologicol Mfg. 80 l 3s Carding 80-83 4570
Liver Extroc 70-80 20.30 m B0-85 56_‘0
m&m Comfort = 1 7580 80
mal Rm, Comfort n.'-'—wm'.".. — —_—
PHOTO Drying 20.125 | 40-80 Waarne— =
Light Goods BD-85 55.70
A Culting & Pocking 457 i - — sy B il
- Uorage— i e ey 048 | 645
Film Base, Film T (i Drowmhg 75 | s
Paper, Coated Wunﬂa_ ) . o o
__Paper 7075 40-65 Carding, Combing,
Safety Film _| 6080 | 4550 & Gilling 80-85 | 4070
Nitrate Film 40-50 40-50 Storage | 7085 75-80
PLASTIC Mig.— = Drowing | 8085 50-70
Thermo Setting 1= — Ci% . { BO-85 & 50-55 B
___Compounds | 80 | 2530 Spooling, Winding | 75-80 55-60
Cellophane 75-80 45.65 Weoving | 80 | s0-60
PLYWOOD Hot Press—Resin 90 60 Finishing | 7580 | &0
Cold Press 90 15.25 s 1 -
PRECISION Anol. Comfort Prep. & Dressing 80 _b0-85
M A CHINING Gear Malching & Weaving &
Assom, 75-80 35.40 _ Spinning 80 | 6570
Storoge— | | Throwing 80 &0
Gasket oo | 50 Royen | |
Coment & Give & | w0 Spinning 8090 | s040
Machinings Throwing 80 55.60
Gaging, A:-. Comion e e
Parts Regenerated | 80 | 5060
Honing 75.80 35.45 Acstate | :g—‘ ’;“
PRINTING Multicolor Litho., = Picking 75.80 =
Proswroom 75-80 40-4._ EH-——I e M
'Su-'no. 73-80 49-51 Drawing 80-90 50-50
Shoet & Web Print. Comfort Knitting |'-___- R
Sterage, Folding, ete. Comfort —— B I
REFRIGERATION | Valve Mig, 75 40 Cuprammoniym | B80-85 | &5
EQUIP MENT Compressor Assem. 70-76 30-45 Synthetic Fiber
Refrigarator Assem. Comfort Prep. & Weoving
Testing 65-82 a7 — 55— o
::'o.n DIPPED | Mig, 90 - Celaness 80 70
DS Cementing B0 25.30 e ™ Y [y~ v
mw Al 75.90 25-30 Mylen e b
age Before Mfg. 60-75 40-50
Lob. (ASTM Std.) 714 50 TOBACCO Ci u'r" & Cigarette - siida
TEXTILES Cotton Softening 90 85-88
Opening & Picking | 7075 | 5570 Stemming & Stripping| 75-85 75
% Sl A Storage & Prep. 78 70
Carding 83-87 50-55 Conditioning 75 75
Drawing & Roving 80 53-60 Packing & Shipping 75 60
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