American Socrery of Heatmng and VenTiLaTing Encineers Guine, 1936

H = heat to be cafried off, in Btu per minute.
Q = air flow in cubic feet per minute.
D = inlet-outlet temperature difference in degrees Fahrenheit.

[}

For disposing of air impurities, the required air flow must be such that

the outside air will dilute the impurities to a degree that they are ng

longer objectionable. For human occupancy, such as in auditoriums and

classrooms, 10 cfm per person is usually taken as the minimum of outside
air necessary for ventilation (see Chapter 3). For garage ventilation;
sufficient air must be admitted to dilute the carbon monoxide content of
the indoor air to 1 in 10,000 (see Garage Ventilation in this Chapter),

Air "quantity and quality are not the only requirements. For humap

_occupancy, air distribution is important. In ventilation the air distriby-
tion 1s almost entirely a matter of the number, the design, and the location
of inlets and outlets. In locating openings, special precautions should be
taken against the formation of dead air spaces or pockets within the zone
of occupancy. '

Suggested methods for estimating the air flow due to temperature
difference alone and to wind alone have already been given. . It must be

remembered that when both forces are acting together, even. without g

interference, the resulting air flow is not equal to the sum of the two
estimated quantities. The same openings have been assumed in both
cases, and since the resistance to flow through the openings varies ap-
proximately with the square of the velocity?,. this resistance becomes a
limiting factor as the flow through the openings is increased.

Recent investigations® 2 show that the total flow is only 10 per cent
above the flow caused by the greater force when the two forces are nearly
equal, and this percentage decreases rapidly as one force increases above
the other. Tests on roof ventilators indicate that this is too conservative

in the direction of low total flow quantities, but there is in any case a-

large judgment factor involved. The wind velocity and direction, the
outdoor temperature, or the indoor activities cannot be predicted with
certainty, and great refinement in calculations is therefore not justified.
When designing for winter conditions, an added variable is the heat lost
by direct flow through walls and windows and by infiltration.

Example 1. Assume a drop forge shop, 200 ft long, 100 ft wide, and 30 ft high. The
cubical content is 600,000 cu ft, and the height of the air outlet over that of the inlet is
. 30 ft. Oil fuel of 18,000 Btu per Ib is used in this shop at the rate of 15 gal per hour

(7.75 1b per gal). Temperature differences are 10 F in summer and 30 F in winter, and
the wind velocity is 5 mph in summer and 8 mph in winter. What is the necessary area
-for the inlets and outlets, and what is the rate of air.flow through the building? |

Solution.. The system must be designed for the summer conditions as these-are the
more severe. -The heat to be removed per minute is: ) .
: 15 X

H = 5 X 775 X 18,000 = 34,875 Btu.

By Equation 3, the air flow required to remove this heat with a temperature difference
of 10 deg is:

.

_ VH _ 135 X 34875 _ i : e
0= = BEEEAT - 196172 cfm. .

*This ig true for furbulent flow only. It would be more correct to state that the resistance varies approxi-
mately with V3 for high to moderate velocities, with V'1-8 for' moderate to low velocities, and with the first
power of the velocity for very low velocities through small openings. .
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CrarTeR 4—NATURAL VENTILATION

ion 1 de that the average
ir ci es per hour. The assumption 1s ma {

equal t0 19.6 agef:;igﬁ ingoors and outdoors is the same as the temp(f_x;gl;: C::s;

temperature dlﬂeref‘clet opening to the outlet opening. Actually, the 1?ttt;.{ i erence is

of the air from the lfll Z of 19.6 air changes per hour is conservative as-ét allows

larger ang S0 ;hse‘éz;afy for an average temperature difference of 10 deg.

cooling than 1

2 cfm areto be circulated by the force of the temperature difference alone, the
m | '
If;fg %;Znir?g would be, by Equation 2: .
- 9 _aearz
—_————— = —
A=gsvHG —t) 94 /30 X 10

= 1,205 sq ft.

s« area of openings were provided, a wind velocity of 5 mph, acting a.lone, would
rolél.ltrelsaa;iow according to Eguatxon 1, of: |
’ Q = EAV = 0.50 X 1,205 X 5 X 88 = 265,100 cfm.

he inlet openings_do not face the wind, but are at an angle with it, about half this
If the inle

amount may be considered to flow.

w be exercised in making the selection of

judgment must now
theA afigzogfoigénigngs to be specified. ~Apparently 1205 sq ft are a very

i 1 a direct wind of 5 mph or an average
S allo&%ii:czcz?sgoe‘cgggeracting alone will more than suffice }tlo
temperaturethe heat, and when the two forces are acting together, the
Ay havean e’xcws capacity of 25 per cent to 50 per cent, especially
o ¢ m?yts Zré made up partially of roof ventilators which employ tge
i the ofUthe wind for producing a suction effect. On t.he.othe.r hand, the
foreS e eat times come from an. unfavorable direction, or 1ts velocity
wmdfniﬁ,)elow 5 mph or the building construction may not permit a fulf
r211412:)}(]) saq ft of inlet window area and an equal amount of momtortor 1;;)23
ventilator outlet area. In egafse the two sets.of openings are not equal,
ir effectiveness is reduced. . .
th€1:7rom this example it must be apparent that wh:lef forrtnulzisv;a:iji
furnish a reliable guide, the final solution of a prob(llgrp o zxa ura venti.
" lation requires a common sense analysis of local conditions to supp

and to modify the dictates of the formulas. .

 GENERAL RULES

A few of the important requirefnents in addition to those alre:ady
outlined are: _ : ) SR d )
istri ’ -the windwar
ni hould be well distributed, and should be located on !

sidel neIanr1 ‘::'}:12 mlt‘:ﬁ;,swhile outlet openings are located on the leeward sxdg near the top.
Outside air will then be supplied to the zone of occupancy. e dear the
. Di hort circuits between openings on two sides at a high level may .
air2at It)l:;:clfajelowit%l;?,lt producing any appreciable ventilation at the leye; of o;;cu!::ncy
- t v erably on

- ilators should be located 20 to 40 ft apart each way and prelera
tht:3 riggC): fo;,etr}lxtél?og;s SThe closer spacings are used when ventilating rooms with low
ceilings. o i o o ) ) ) t
4. Greatest flow per square foot of total opgning is obtained by using inlet and outle

openings of nearly equal areas. - . .

5. In an industrial building where furnaces, that give off heat and fumes, are to be.

i i ildi d to the prevailing
installed, it is better to locate them in the end of the building expose re:
vrllisnd. eThle sl:i-ogg s{xctién» effect of the wind at the roof near the windward end will then

cobperate with temperature difference, to provide for the-rqos}t active and sat_lsfa‘ctory _

removal of the heat and gas laden air.
' ' 97




