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The sensible heat, g, , to raise the temperature of the snow
to32Fis
' @ = 268 (32 — ) ®
where

& = rate of snowfall, inches of water equivalent per hour.
& = air temperature, Fahrenheit.

The heat of fusion, ¢a , to melt the snow is

gm = 7468 (O]
The heat of evaporation, ¢, , (nass transfer) is V
go = h1(0.02010 + 0.055)(0.185 — pos) )
where
by, = heat of evaporation at the film temperature, Btu per
pound.

# = wind speed, miles per hour.
Pes = vapor pressure of moist air, inches of mercury.

The heat transfer, ga , (convection and radiation) is
@ = 11.4(0.0201e + 0.055)(ty — &) ®

where t; = water film temperature, Fahreoheit. (Usual]y taken
as 33 F.)
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F = Depth of Finish Coat—Assumed #a 3§ in. of concreta. Finish Coat may be
asphalt but then cover siab should ba reduosd from 3 in..Depth of day

&8 = Depth required by stroctural design (should be & minimum of ¥ in. of
concrete).

fig. 1....Detail of Snow Melting Panel

frace quantities about twice 83 often as there are for measur-.
" able quantities of 0.01 in. or more. It is assumed that these

bghttallscanbehmdledbytheudluwbad.
The of Table I rep the f;

In addition to determining the four heating requi ts,

it i8 necessary to make allowance for back and edge losses.
These losses vary from 30 to 50 percent, dependmgupont.he
glab construction and fluid temperature.

The jop for the required fluid ¢ v’

an output q.basbeendenvedmRefe:eneeZ For eonst.ruo—
ﬁnnmmh:mmltheequatxonls

te = 0.5¢. + ¢ B )

tokers

fa = mean fluid ifs solution), Fahrenheit.

see
Eqmuons2w7permxtthademgmxwdewmmethn

heating t of a snow-

of these equshons, however, require the simullaneous con-

sideration of the four climatic .tn.!:toxs (1) wind speed, (2) air ~

, (3) relative b , and (4) rate of snowfa.ll

Equation 7 will apply to 1 in. as well as 3; in. IPS pipe— _
- -

1t eystem ‘The solutions -

distribution of jred heat output. This distribution ls'
based on the solution to the basic equation for two values of
the free area ratio, A,.-This distribution represents the basis
of the analysis and is also the basis for Tables 2 and 3.

For specific conditions, or for cities other than those given
in Table 1, the designer will have to use Equations 2 and 7.
Solutions to these equations are given in Table 4 for relative
humidities of 80 percent. For other values of relative humid-
ity, Equations 8 and 9 can be used to determine the correc-
tions.

‘%" = — A4,(0.02010 + 0.055)A,, @®
e 2002010 + 0.055)hy, ®
dpe, 2

It will be nmﬁ.ry for the designer to determine values for
the appropriate climatic variables before solving Equation 2.

" Probably the best pm@dure is to contact the loml weather

bureau office and

the Local Climatol

It is not muslmtory to use umual or
for the climatic factors. If averages or maxu:nums are used
there is no assurance that they will ever occur simultaneously.
It is neoesary, therefore, to make a frequency analysis of the
to Ex ion 2 for all the of fall for

a penod of several years. Such an nnalysxs tor 33 cmm
appears in Table 1 which cont. the
for a snow-melting system. For l'reezmg tempemtum 32F
and below) without snowfall the system may be idling which
means that some heat is suppliéd to the slab so that there
will be immediate melting when snow starts to fall. Column
4 of Table 1 gives the average temperature during freezing
periods. This temperature is used in calculating the idling
load. The other term needed to calculate idling load is the
wind speed during the period of freezing temperatures,

The eolumn, Hours of Snowfall, indicates the number of
bours that snow is falling at. rates equal to.or greater than
0.01 in. of water equivalent per hour. There are snowfalls of

the following qualifications:

3. When des:gm.ng a Claes 111
0,4 =0F, andv= lsmph
Snow-melting installations are classified in Table 2 ac-
cording to types as Class I, I1, or III. These classes have been
discussed thoroughly in Reference 3, and are defined in the
footnotes to Table 2. Briefly, snow-melting systems are
classified as to the urgency for melting as follows:

\: idential wallks or dri ys and
Clas;aﬁ (modmbe) Coxx:’n:;cul (stores and offices) side-

y8, 8D

. can be made by using Tahle 5 for vn.lual
.of a md solutions for Equation 2 taken from Table 4, with

> gnow Melting

Class 11T (maximum): Toll plazas of lughw:yu and bridges,
_ " and aprons and loading areas of airports
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Table.2 .... Design Data for Three Classes
of Snow-Melfing System*

90 Btoh per aq ft. This is in good agreement with data in Tables
2 and 3, which gi themteatm(dea@mte)!orchmgom
95 (idling rate) for anmpolm.

The lanes leading from the turnpike to the gasoline pi

should be rated as Claas IT areas. A:heck

and parking areas
of T&bl.m 1 and 2 would indicate that 160 Btuh per aq ft would
be adequate.

If an e 7 area were included, for a wrecking truck,
ambulance, or Tn-;e. it would be wise to consider a
III rate for such areas, An inspection of Table 1 for

shows that a mate of 275 Btuh oqh.wouldbeade
quate for A, = 1 for 99.4 percent of {\375
would be adequate 99.4 to(tbeumemSLPw.l
fore, 275 B per sq ft seems sufficient for the
areas. Table 2 in Class III column lista 350 Btub per sq H’or
and 254 for St. Paul but for uses similar to the areas
in this example, 275 should be adequate.

Hydraulic Requirement

After determining the heating requirements, it is necessary
to determine the hydraulic requirements of the system. This

These classifications depend upon the allowable rate of
snow melting. For example, a residential system does not [Design Ovtpot, Btu per (Hr) {Sq F1}
pavé to melt snow as rapidly ss a commercial system. In Gty Cent | Costl | Qosm
" fact, & depth of snow of an inch for an hour or 5o during & sytemt | syrtomt | syvtent
mvyswnnlmghtnot.be': ionsble with & 1tial
gystem. On the other hand, a store would d Albuquerque, N. M., n 82 167
the system inadequate if half an inch of enow accumulated Amarillo, Tex. o 143 241
(hg gidewalk in front of the store. The difference, then, Boston, Mass. 107 21 255
w.,_-n a Class I system sod & Class II system is in the  Buffalo-Niagara Falls, N. Y. 80 1927 | 307
required ability of each system to melt snow. The one feature Burlington, Vt. . 90 142 44
mtysoommonmdldmmthatthesyshmsmustbe . .
adequate for some combination of weather factors. The  Caribou-Limestone, Me. £9 (93) | 138 307
designer may select equipment having capacity to melt snow  Cheyenne, Wyo. s 129 425
whenever conditions.are milder than some critical values, but = Chieago, Il | e 165 350
be.willing to have an inadequate system for a given !racuon Colorado Springs, Colo. 49 63)| 63 293
of the time. In other words, the desi will take a C , Ohio i 52 72 253
risk providing he knows the odds of that risk. For a residential
system, where l.mt-ml cost must be at & mmnnum, the designer Detroit, Mich. 69 140 255
must acoept more freq snow Duluth, Minn. 83 (114)| 206 374
Table 2 contains the design heat requirements for the 3 Falmouth, Mass. 93 144 165
classes of snow-melting systems. Under Class 1 systems, the Great Falls, Mont. 84 (112)| 138 372
values in parentheses are idling rales and, since they exceed Hartford, Conan. 115 254 260
the Class I design rates, should be taken ss design output for
this classification. Design rates may be altered by the de- Lincoln, Neb. 64 (67) | 202 248
gigner if he feels that a partmular job should have different Memphis, Tenn. . 134 144 212
design criteria from those given in the footnotes of Table 2. Minneapolis-St. Pau.l Minn. 63 (95) | 155 254
Any change in design conditions used should be based on the Mt. Home, Idaho 50 0 140
frequency distribution given in Table 1. . New York, N. Y. 12 288 | 312
UaofTa.blul 2 and 3 is illustrated by Example 1. o
. ; An( m has been f ‘tta d.-i-;gn SnOW- Ogden, Utah o8 216 217
ting 5 or service areas of a turnpike runnin,
?:m '.gc ymm of thie Wisconsin-Ilinois b‘::rder northE gﬁlﬁ’?‘hqt{; Okla. hod 8L 30
west to the W'm:onsm-anmt.a der just east of St. Paul. ; elphia, b'a. 9 9 253
He decides that Chicago data wnll be ldequaue for the southern Pittsburgh, Pa. 8 | 157 275
and that M Paul data will be adequate Portland, Ore. 86 - 97 111
for-the northern termi is to ; the : .
fre e bere ctmgo and 8t. Paulf the sy or servico 1’::"“ g"y' 8.D. g (88) “3 4“7
ty in question - no, Slev. 1 135
u%ﬂn,ﬁ%&f&&“bﬁgliu?&tﬁggu that the  St. Louis, Mo. 122 182 | 18
annual average number of days with enow cover of an inch or Balina, Kan. 85 120 228
moare would be 100, and that the engineer can assume an aver- Sault Ste. Marie, Mich. §2 (78) | 144 | 213
l(e snowiall of 40 inches. In eddition, he can estimate about .
11 gu per year with a snowiall of an inch or more (see Befer-_ Seattle-Tacoma, Wash. @ 128 13
For the the from Spoka:ne, Wash. :14 127 189
Class I design rate wuld be used. This rate couid be uken u Washington, D C. uz 121 144 -

From Air Conditioning, Heating and Ventilating, Augu.n
1957, p. 92,

'thmidﬁngmwisww&mchalded@r-au, idling
mmte is given in parentbeses and should be used as Claes [
design output.

! For Class [ (residential) Bystems, the design output is sct at that required
beat outpat (see Table 1) when 4, = 0 at the 95th percentile of the froquency
distribution; that is whero 98% of the bours bave this cutpus or kess.

* For Clam 11 (commercial )} Sywtema, the design output is the maximam out-
put when A, = 0 in Table | (ast column).

® For Claes ITT (industrial) Systemms tho desien output is determined by the-
following four requirementa: (1) Output is never excweded for two consscutive
bours; (3) Qutput for 4, = 1, Table I, is at keast 1 Bta per bour per oq It groater
than mazimum output for 4, = 0; @) A, is grester than or equal Ao 0.5 maxi-
mum requireroent sbown in Table 1 for 4, = 1. That &, G0 = ¢4 + ¢m + 05
(8 + @) for the conditions where 5 = ¢, + ¢u 4+ @ + ¢ are & maxinum; ()
“The [rec arca ratio 4y is unity for at least 99% of the bours listed in Tabla 1.




