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the footnotes to Table 3. Briefly, snow-melting systems are
classified as to the urgency for melting as follows:

Class I (minimum): Residential walks or driveways and
interplant areaways.

Class II (moderate): Commercial (stores and offices) side-
walks and driveways, and steps of hospi

Class 11l (maximum): Toll plazaa of ]nghways and bridges,
and aprons and loading areas of airports.

These classifications depend upon the allowable rate of
snow melting. For example, a residential system does not
have to melt snow as rapidly as a commercial system. In
fact, a depth of snow of an inch.for an hour or so dunng 8
heavystormmlghtnotbe bjectionable with a resid
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this classification. Design rates may be altered by the de-
signer if he feels that a particular job should have different
design criteria from those given in the footnotes of Table 3.
Any change in design conditions used should be'based on the
frequency distribution given in Table 1.

Use of Tables 1, 3, and 4 is illustrated by Ezample 1.

E. le 1: An 3 has been d to design snow-
melti syubems for the service areas of a turnpike running
from the eastern e of the Wiaconsin-Illinois border north-
‘west to the Wisconsin-Minnesota border just east of St. Paul.
He decides that Chicago data will be adequate for the southern
us and tlmt. aneapohs-Sl. Pau.l data mﬂ be adequate

for the His p: is to d the
heat and hydrauli of the sy for service
areas b Chicago and St. Paul.

system. On the other hand, a store: would il
the system inadequate if half an inch of anow aceumulated
on the sidewalk in front of the store. The difference, then,
between a Class I system and a Class II system is in the
required ability of each system to melt snow. The one feature
ﬂmtmeommonwnllchmesmthnt(hesysmmsmustbe
for some bination of weather factors. The .

dw@er may select equipment having capacity to melt snow
whenever conditions are milder than some critical values, but
bewﬁhngtnhavemma.dequnfesyseemforag;lvenfmchnn
of the time. In other words, the desi will take a 1!
risk providing he knows t.he odds of that risk. For a residential
system, where untml cost must be at a mnnmum, the designer
must accept more f ENOW

Table 3 contains the design heat requirements for the 3
classes of snow-melting systems. Under Clasa I systems, the
values in parentheses are tdling rates and, since they exceed
the Class I design rates, should be taken as design output for

Solution: Assume, for this example, that the city in question
is Madison, Wis. Weather bureau records indicate that the
annual average number of days with snow cover of an inch or
more would be 100, and that the engineer can assume an aver-
age snowfall of 40 inches. In addition, he can estimate about
11 day;; per year with a snowfall of an inch or more (see Refer-
ence 3

For the walkways to the restaurant from t! ‘Sarhng arca a
Class I design rate could be used. This rate co

90 Bmh per 5q ft. This is in good agreement with'data in Tables -

3 and 4 which give the rate at 89 (design rate) for Chicago and
95 (idling rate) for. Minneapolis.
The lanes leading from the tumplke to the gasoline pumps
parking areas should be rated as Class II areas. A check
of Tables 1 and 3 would indicate that 160 Btuh per sq ft would
adequate.
If an emergency area were included, for a wrecking truck,
ambulancs, or police mga, it would be wise to consider s
I rate for suc! An inspection of Table 1 for
Chicago shows that a rate of 275 Btuh per sq ft would be ade-

Table 5. ... Physical Properties of Antifreeze Sohmons‘
Freezing Fluid Temperature—Fahrenbeit
Fluid Profection tem .
Temp, £ —20 o 20 40 120 140 160 200
Ethylene Glycol +20 »X 10¢ - — | = | 264 | 0.840| 0.657| 0.577 | 0.458
15.3% by vol. . ¢’ - - — | 0.935| 0.956 | 0.960 | 0.962{ 0.969
w - - — |64.0 628 [62.5 |e2.1 |58.8
Ethylene Glycol : 0 » X 100 - — |68 | 418 | 1.19 | o.0s5) 0.784 ] 0.609
31.4% by vol.- ¢ - — 0:833 | 0.850| 0.895| 0.905{ 0.910 | 0.923
w0 - — 65.7 65.4 64.1 63.7 63.3 60.0
Ethylene Glycol —2 » X 108 — |11 947 | 575 |- 1.46°| 1.20 | 0.950 | 0.748
42.7% by vol. . . ¢ - 0.764 | 0.775 | 0.788 | 0.832 | 0.845] 0.866 | 0.884
- w — |66.8 [66.7 [66.3 [653 |64.9 {644 |60.6
Ethylene Glycol 10 »X 105 |46.3 213 |1213 | 754 | 177 | 146 | 1.14 | 0.870
- 51.2% by vol. ¢ 0.682 | 0.717 | 0.726 | 0.745 | 0.809 | 0.823 | 0.835 | 0.854
o w 68.2 |67.6 |674 [67.2 [65.0 654 |650 |[61.1
Heat Transfer Oil ~ " »X 100 | 105 431 [20.7 |10 313 | 2.51 | 2.06 | 1.48
c 0.382 | 0.390 | 0.400 | 0.408 | 0.444 | 0.452 | 0.462 | 0.480
w 62.9 626 |620 [61.6 (591 (586 |57.6 [855.3
Water T+ » X 104 - - — |1m | o603 049t ] 0.413 | 0.328
¢ — — — 1.005| 0.999 | 0.999 | 1.001] 1.005
w - - — 624 <617 |61.4 [61.0 |60.1

* Based on data given in Reference 8.

#'= Kinematie viscosity, (feet squared per secind) (e. for oil at 40 F, » = 0.00014D 82 per sec.).

¢ = apecifie heat, Btu per (pound) {Fahrenheit degree).
.= specific weight, pounds per cubio foot.

Snow Melting

te for 4, = 1 for 99.4 percent of the time. Sumluly, 275
?v'::lld be adeluate 9.4 rer'::nt of the time i ;n Stb:aul There-
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antifreeses for snow-melting systems. Viscosities are gi‘{en in
feet d per second. Table 6 can be used in conversion of

, 215 Bt r 8Q t!

{:':u Table 3 lﬁllm I1I column lists 350 Btuh per aq ft for
Chicago and 254 for St. Peul but for uses similar to the areas
in this example, 275 should be adequate.

Hydraulic Requirement

viscosity units. A large increase in viscosity will be noted
for glycols and oils—about 20 times—as the fluid temperature
changes from 160 F to 0 F. Th:svnsoosntycb&ngeb&s two
effects. First, an increase in viscosity will increase the fluid
friction in the piping cireuit. Second, an increase in viscosity
will d the pump ity—in both volume and head.

After determining the heating req 1 itis
to determine the hydraulic requirements of the system. Thm
can be done by means of the procedures explained in Chapter
4, Fluid Flow, but it is necessary to use the proper physical
pmpert.m of the antifreeze solution. A
of the hydraulic problem is given in Reference 4.

The main consideration is thé proper allowance for vis-
cosity. Table 5 gives viscoeities for typical fluids used as

Table 6 .. .. Conversion of Kinematic Viscosity Unitse

The effect of v:sooslty on fluid friction in the piping circuit is
illustrated in Fig. 2.
For large mstallahons, the friction losses should be cal-

culated by the Fanning equation
ave
M=% (t0)
where N

/50t X = the loes in head of che fluid under conditions of flow,
: (FP/Sec) X b " Sec| ub in feet.
Centistoki Ssu! Cantistokes Ss n fee
- od o 1 = the lesgth of the pipe, in feet.
V = the velocity, in feet per second.
.4 145.7 . N
2_5 :;g ;zg g; 33.4 150.2 _ g = the acceleration due to gravity = 32.174 ft per (second)
3 3z | 30| 33 35.6 | 1547 (second). .
37.6 34 36.6 159.2 D = the mtemu.l diameter of the pxp_e in feet.
3.5 ppd 39' 35 37.7 163.7 f=adi less frietion ficient which can be de-
4 450 1 ) : termined from Fig. 4, Chapter 4. The Reynolds num-
;’5 ;?8 :gi bercn.n be computed from data io Table § of this chap-
Soluhons for the pipe friction should be plotted for tem-
- . 168.2
8 6': :gg 332 gg ; 2.7 peratures at the starting condition (probably 0 ¥) and at
7 ;-61 5.1 28 40.9 177.3 * the operating condition (use either 120 or 160 F). Then on
8 9.68 5.5 2 420 181.8 the same graph, the operating curve of the pump should be
o ‘s | sm9 0 8.0 186.3 plotted (see Reference 4 for such a graph). The intersection
1 08 i . ) of the fluid friction curve and pump operablbmg curvebemll give
4 the operating point for the system. Table 7 can be used to
i l;'s gz; :; :;; }ggg_ - allow for the viscosity effect on the pump. o
12 12.9 . s 5.3 199.8 The designer must decide on the tolerable viscosity limit.
b4 o L B 1 83 | w4  Gemersly it is between 300 and 500 SSU, although for
15 16.1 77.4 45 48.4 209.1-
100
16 17.2 81.3 46 49.5 | 213.7 0
17 18.3 85.3 47 50.6 218.3 00
18 19.4 9.4 48 51.6 | 222.9 s0 LA
18 20.4 83.6 .49 - 527 2271.5 40,
20 21.5 7.8 I 80 53.8 | 232.1 .
- - - TRANSITION ZONE /&d*'/
21 22.6 102.0 55 59.2 255.2 . e Nl/ &S
o2 27 |64} .60 | e6 |23 S, o
<] 2.9 110.7 65 69.9 301.4 % —"//‘,//
4 25.8 115.0 70 75.3 324 .4 '.:‘ 10 [——t==— ]
25 %9 | 193 o of— g fiase -
] ~ 71
26 28.0 123.7 Zs T :5 7
27 21 | 1281 8 4o £ :
28 0.1 | 1825 g, ¢ i i
29 31.2 136.9 > /’ LAMINAR 2ONE
30 32.3 141.3 Py ===t %
[ £ > -
Over Y SBU = £.635 X
e T o 2 2078 3 104 X imtistaken. ) /11 L. LLI:
® Values listed for BSU (Saybolt Soconds—Universal) are for Suid temnpers- G 15 20 30 405050 6C 00 130 200 300 400 600 800 1000

wmd 100 F. To obain the Baybolt Unwu-nl viscosity equivalent to a kine-

matic visosity inad 8t & t, multiply the equiva-
ket Saybolt Universal visoosity as 100 F by +- (2 — 100) 0.000064; for emampla,
10 centistokns at 210 F are equivalent to 589 X 1.0070 or 59.3 vec Saybalt Universal
at 310 F. (Tuken from ASTM D448-83).,. - - .

VISCOSITY, SSU
For 1-in. Pipe)
Fig.2.... Effect of Viscosity on Friction Loss




