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Design of Dilution Systems . .. .

- 'The first step in the design of a system employing the dilution method °

is to determine as exactly as possible the nature.and extent of the contami-
nating load. This will often be difficult, and may require construction of
pilot production models.— Often, however, the required data will be avail-
"able from production records,;showing .the weight or yolume rate of loss
of the-contaminating agent to the atmosphere, or it may be estimated
from parallel operations in.other plants, or by applying experienced engi-
neering judgment. However obtained, the determination of the nature
and magnitude of the contaminating load is an indispensable step in the
- proper -design of the corréctive system. - Designs based on number-of air
changes per hour, or other rule-of-thumb methods, are hopelessly inade-
quate, and lead either to unsuccessful operation or to excessive.and un-
necessarily high cost of installation. ’

" 1. Gases and Vapors. Once having established the .nature and magnitude of the
contamination load, it is rarely necessary to completely"remove contaminating
agents from the atmosphere. For cages involving diffusible vapor or gas contami-
nants, maximum allowable concentrations (MAC) of commonly encountered gases
and vapors have been established, and these data are tabulated in Chapter 8. From
these data, and the previously established rate of addition of the contaminant to the
space, the volume of air required to dilute the addition to a.tolerable level can be
caleulated. by the equation: . = -~ ’ . o .

o V X 10°¢ _
Q= o)
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where o . : e

- Q.= quantity of air circulated, cubic feet per minute. )

: V = rate of generation of contaminant, cubic feet per minute.

‘MAC’= maximum allowable concentration, ppm by volume.. -- . -

. SAC = concentration in supply-air, ppm by volume.- :

The rate of generation of the contaminating vapor ﬁll often be available as a

weight or volume of liquid evaporatéd into the space’per unit time. These may be
converted to the units of Equation 1 by applying the principle that a pound-mol of

a gas or vapor will occupy approximately 359 cu ft at‘standa_;r{l pressure and tempera- -

ture. Thus, .

cfm (vapor) = i X 359 X — 0 . )
where ‘ ) 7
“ W = rate of generation of contaminant, pounds of liquid solvent per minute.
M, = molecular weight.

t = air temperature, Fahrenheit. -

A special case occurs where local concentrations of solvent vapors at the breathing
zone, resulting from concentrated sources of contamination, are intolerably higher
than the average design concentration  when using- dilution methods. Data are
available for calculations, but involve many assumptions regarding boundary condi-
tions, such as convection area and random air movement in the vicinity.

2. Dusts and Fumes. Maximum allowable concentration of various dusts, fumes
and mists are also tabulated in Chapter 8. However, the dilution method as a means
of treating particulate contaminating agents should be used with care, since, the
allowable air movement in spaces will ordinarily be lower than the capture velocity
required for such particles. - Exhausting at the source (see Chapter 45) will generally
be the recommended treatment. for these particulate contaminants.. ..

[ —

. interaction with surfaces within sight of the radiant source.
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3. Sensible Heat. Excessive sensible heat contamination is subject to treatment,
similar to that for vapors, by the dilution method, the difference being that the

.,'v rate of generation of the contaminant must-be expressed in units of energy rather

than volume or weight, and that the effect will be expressed as excessive tempera- -
ture. In this case, the circulated air ;equire_d will be: o C L

H . K
= 3
' ¢ hh~tdXdXe ()
‘where - o V :
Q = quantity of air circulated, cubic feet per minute.
H = rate of generation of heit, Btu per minute.
&1 = allowable temperature in the space, Fahrenhéit.
to = temperature of supply air, Fahrenbeit.
d = density of air in pounds per cubic foot.

- ¢ = specific heat of air,

In some cases, such as véﬁtilatibn ‘systems not‘e’mployiﬁg refrigeration;
unusually large and uneconomical air quantities may be required when the
desired or tolerable temperature ¢ approaches too closely the temperature
t, of the dilution air. This condition may sometimes be corrected by a

combination of treatment by dilution and central exhaust, large sources of

heat load being eliminated by exhaust through hoods at the source.

Heat Storage in Structure . .
A special condition is sometimes encountered in large masonry -strué-

. tures when, due to the heat storage capacity and time lag of the structure,

a prolonged period of hot weather may cause storage of such large quanti-

-ties of heat in the structure that they continue to.be a source of heat load

after the outside weather has moderated. . ' B
In general, the solution to ventilation problems by the simple dilution

. method is limited to cases where a practical and economical equilibrium

may be established between the maximum rate of generation of .the con-
taminant distribution and cost of the air required for its removal.

Control of Radiant Heat _

" One of the most difficult problems of ventilation ehgineers is- found in
the so-called hot industries (steel mills, paper mills, foundries, etc.) where
radiant heat from high temperature surfaces is a most importarnt factor,

. the magnitude of which is not always appreciated. Since ventilation can-

not remove radiant beat, it is worthwhile to consider using low emissivity
materials and shielding to minimize conversion- to sensible heat due to

Odors

There is little information available either on the rate of generation of
common odors, or on the maximum concentration which would be tolerated
by a majority of persons. Thus a quantitative specification covering
systems for locker rooms and toilet rooms, or.other applications where
odors constitute the contaminant, is not now possible. Pending research
in this important field, it is suggested that the data in Table 1, Chapter 6,
showing the outside air supply required per person, at various socio-
economic levels, be used. ' ‘ ' s




