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Introduction

Side push-pull ventilation, shown schematically in Figure 1, is often the best option for
open surface tanks where overhead access is required; see for example (1). There has
been much work on the system in the last S0 years, but little agreement over the impor-
tant design parameters either in terms of what are the relevant parameters, or what val-
ues they should take. In this paper we draw on earlier work by the same authors (2)
which showed that the flow field over the
majority of the tank surface can be repre-
sented by a simple set of formulae which
represent a wall jet to devise recommen-
dations for the design parameters for the
push-pull system. This hypothetical wall
jet gives a flow pattern which is approxi-
mately similar to the real offset jet case
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Figure 1. Side push-pull ventilation
The Wall Jet
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of the jet per unit width of tank, p is the fluid density, x is the horizontal distance from

the jet nozzle and X is the horizontal distance from a hypothetical jet origin, and the

similarity variable 7 is given by 1 =y/b where y is the perpendicular distance frcm the

tank surface. The other symbols, B;, Bz, 0, ¢, £, m, ¢ and d are empirical constants

which take can take the ‘Original’ or ‘Modified’ values given in table 1. Together with

these values, we refer to equations (1) as the

Original or Modified Verhoff formulae. Table 1. The values of the con-
stants in the Verhoff formulae.

It is worth noting here that the only parameter Constant Original Modified

within the control of the designer in equations (1) Verhoff  Verhoff
is the initial momentum of the jet, j;. The same is B, 1.48 1.28
true of the equations which can be derived for the B2 0.68 0.61
free jet. This suggests that it is the initial momen- ¢ 13.7 9.68
tum which determines the nature of the fluid flow, ¢ 3.98 3'36
and hence the effectiveness of the ventilation sys- & e
. . . M 1 1

tem, rather than the flow rate, fluid velocity or jet

le height directl c %) 0.509
nozzle height directly. D 17 113

The Movement of Pollutant

Having established that the fluid flow patterns can be reasonably modelled using just the
effects of a wall jet, we look to solve the concentration equation based on the usual as-
sumption that the diffusion coefficient I" can be approximated by I' = p. / 0.7. By ex-
amining both analytical and numerical results for the wall jet we have found that the ef-
fective kinematic viscosity can be given by

o | En(1-(n/n,) 0<n<(n,-9)
‘22 x"h(n) where h= E(‘ﬂo -5)1-“(1-((710 —8)/1]0)) nz (‘ﬂo —8)

where ¢° = ,/ J;/p and E, ng and 8 are constants whose values can be readily deter-

mined but the derivation of which we shall not detail here.
We are now in a position to solve the concentration equation, which can be simplified in
the same manner as the Navier-Stokes equations, to derive a boundary-layer approxima-
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tion, namely u—a— +yv—=—
; x

v, =—
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where C is the mass fraction of the pollutant. By writing U= f(m) and using equation
(2) to determine the diffusion coefficient, we can reduce equation (3) to the ordinary dif-
ferential equation C”=[0.7(1-c)f/c—h|C’/h where prime denotes differentiation

with respect to 1. The boundary conditions are to let the concentration be unity on the
tank surface and zero far from the tank surface. Along with the boundary-layer ap-
proximation to the Navier-Stokes equations, we now have a fifth order system which
can be solved using a standard NAG library routine and the results for the concentration
are shown in Figure 3, along with numerical results obtained from the CFD package
FLUENT, and there is reasonable agreement between the two.

The above approach works well for a neutrally buoyant pollutant. In the case of a buoy-
ant pollutant, we assume that the governing equation becomes
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Figure 3. Concentration as a function of 1. Figure 4. Required kinematic momentum
as a function of tank length

uaa—f+(v+vg)a—c‘-=-§-(£§£) “4)
where v, is an empirical velocity related to the buoyancy of the pollutant in air. We fur-
ther assume that the overall fluid flow pattern is unaffected by the minor quantity of the
buoyant pollutant. On substituting for #, v and I" in equation (4), the resulting PDE is
solved numerically to find the concentration at any position.

Recommendations for the Design of Push-Pull Systems

Capture Velocity Criterion |
Guidelines from the ACGIH (5) give a minimum ‘capture velocity’, V,,,, which must be 1

induced to move a pollutant towards an exhaust. The value depends on the industrial
process and the local conditions and ranges from 0.25 to 1.02 ms™ for open surface
tanks. In the wall jet model, the maximum velocity in the plane x constant is given by

u, = (px"’w/ J./p , where c is approximately one half, so we know the lowest value will
be at x = L and therefore we re-

quiee  j,/p2(V,, /o). This 02

gives the required minimum value B
for the momentum of the equiva- Vg
lent wall jet; we must recall the re- i
lationship shown in Figure 2 to __
determined the required momen- 0.1+
tum of the offset jet in the push-
pull system. The biggest drawback
to this approach is that the only in- ]

clusion of the pollutant buoyancy is
in the choice of the appropriate
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value for V,,,, and this is necessar- 0 5 1
ily subjective. However, it is worth Length of tank (m)

noting that since ¢ =1/2 we have Figyre 5. Recommended kinematic momentum when
shown that the required minimum C,,;, = 0.1 and cross draughts are 0.5ms".
initial momentum is approximately

0
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proportional to the length of the tank and if we take the recommendations from those
researchers who give enough information to calculate the initial momentum we find that
their recommendations are approximately consistent with each other and with this hy-
pothesis, as shown in Figure 4.

Critical Contour Criterion

For this criterion, we seek to ensure that when the velocity falls below some critical
value, V., the concentration must be below some allowable value, C;, which depends
on the pollutant. To demonstrate this, the critical velocity is taken to be the maximum of
the buoyancy velocity v, and the typical cross draughts. Using the solution of equation
(4) we can thus determine the required initial momentum to satisfy these requirements.
Figure 5 shows the required momentum as a function of the buoyancy velocity and the
tank length when Ce; = 0.1 and cross draughts are assumed equal to 0.5ms”. The
equivalent figures for alternative values of critical concentration and cross draughts are
readily determined by solving equation (4).

Other Design Parameters
The outlet flow rate can be determined in the manner described in (5) to be

q, =SF O.316((L + 100, )/ ‘\/Z)-\! Ji/p , where SF is a safety factor and we have used the

Original Verhoff formulae to determine the nature of the wall jet. This analysis does not
specify the values of the jet nozzle height or inlet velocity, except insofar as these affect
the initial momentum.

Conclusions

Even with modem CFD packages, achieving accurate results for a full numerical model
of the push-pull system is time consuming because of the very fine grid required close to
the jet nozzle and close to the surface of the tank. With the techniques described in this
paper, it is possible (a) to show that the initial jet momentum is the critical parameter,
and that the required value is approximately proportional to the tank length, and (b) to
determine first estimates of the required value of the momentum for a given system. It is
then recommended that a designer would conduct full numerical testing of the system to
make final adjustments, and when the system is installed, it is important to allow for
some adjustment of the operating parameters following in-situ testing of the ventilation
system.
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