Effectiveness of Mixing Tanks in Smoothing Cyclic Fluctuations

It is the purpose of this note to
show how problems of the type dis-
cussed by Gutoff (I) can be handled
more effectively with standard transfer
function methods and block diagrams
(2).

The mixer being considered is
shown in Figure 1. The feed rate is F
and the agitator pumps liquid at the
rate P through the draught tube. Gut-
off considered the case of a pure time
delay in the draught tube and no de-
lay in the recirculation of liquid
through the vessel. In order to gen-
eralize the expressions Gutoff's nomen-
clature can be extended to include
C..(t), the concentration immediately
after mixing of feed and recycle, and
C.(t), the concentration of the recycle
immediately before mixing,

The equation for the mixing process
is

Cult) =2 Cutt) + L= e q0)
P P
(1)
and for the time delay
C.(t) =Cn(t—T) (2)
Furthermore in this case
C.(t) =C.(¢) (3)

Transforming these equations one
gets
F P—F
C‘m(S) = P— Ca(S) + ‘(—'P_Z C,(S)

(4)

C.(s) = C.(s) = ™ Cu(s) (5)

These equations are represented in
block diagram form in Figure 2.
C.(s)

C.(s)
ticn for a pure time delay. The com-
bination of feed and recycle concen-
tration signals is represented by the
summing point at the left.

The transfer function for the system
as a whole is, by inspection

= e¢™* is the transfer func-

e'Tl‘

C.(s)

O )

The ratio of standard deviations for
output to input concentration fluctua-
tions is, in the case of sinusoidal oscil-
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lations, the same as the ratio of the
amplitudes of the oscillations, which is
termed the “dynamic gain” of the sys-
tem. This is obtained directly from
the transfer function by substituting
iw for s and by determim’ng the modu-
lus of the resulting complex number.
In this case the steps give

e—inl

’ g (Cos (— oTs) + i Sin (—oT3))
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plotted vs. T, in Figure 4 for P/F =
2 and for various values of k.

For k equal to zero the results are
the same as for Gutoff's model. As can
be seen from Figure 4 the gain does
not fall appreciably below 0.5, which
means that amplitude of concentration
fluctuations could not be reduced by
more than 509%.

The foregoing manipulations of block
diagrams and transfer functions illus-
trate the ease with which variants of
proposed models may be devised and

This reduces by using standard meth-
ods and by writing F/P = T/H and
w = 2x/\ to Gutoff’s equation (10).

The advantage of the transfer func-
tion method of analysis is the ease
with which alternative models may be
considered, For example if the recycle
stream is considered to be perfectly
mixed in the vessel, then the relation-
ship between C,(t) and C,(¢) is given
by the transfer function

C.(s) 1
Co(s) 1+Ts
The block -diagram for this case is
a simple extension of Figure 2 and is
shown in Figure 3.

The transfer function for the system
is now

(7)

C.(s)
Ci(s)
ot
= (1-5) ()

(8)

and the dynamic gain is given by

1——-(1——%) (Cos (— oTy) + iSin (— &T,))

—> F, Co

F, Ci

Fig. 1. Mixer with draught tube.

tested. This type of procedure might
be termed “mathematical experimenta-
tion” and is easily carried out.

Colin)| (1 + K ’T2)*
C‘(iw)—( "(f ) Cos o + koTs Sin oT.) + Ko T)i’
1 2_ —'—'1 l— 1 1 i 1 2__ * 12 *
—[—F 7 ( 0s o1y + keT,; Sin T;) + o
B A more pressing need is for com-
where k = —

1

This expression for dynamic gain is
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parison of experimental results on mix-
ers with the results of the mathemati-
cal experiments in order to determine
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Fig. 3. Block diagram representation of mixer with a perfectly mixed

Fig. 2. Block diagram representation of mixer with zero recir-

culation delay.

the most useful models and methods
of relating model parameters to the
physical dimensions of the equipment.

NOTATION

C:(t) = input concentration or other
additive intensive property

C.(t) = concentration after mixing

C.(t) = output concentration

C.(t) = recycle concentration before
mixing

C(s) = Laplace transform of C(t)
= j:" e C(t)dt

i = (—1)"

k = Tu/T:

F = flow rate in and out of the
mixing tank, lb/min.

P = agitator pumping rate

T, = time delay in the draught
tube, min.

T, = time constant of the mixing
tank apart from the draught
tube, min.

) = frequency of sinusoidal oscil-
lation radians/min.

A = period of sinusoidal oscilla-

tion, min.

recycle stream.
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Fig. 4. Dynamic gain of mixer with perfectly mixed recycle stream.
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Thermodynamics and Missile Perform-
ance, Howard C. Rodean. Chemical
energy available in propellants and
fuels for ramjets is related to the use-
ful work done in delivering payloads
with ballistic rockets, boost-guide rock-
ets, and rocket-boosted cruise ramjets.
Energy-conversion processes and gas-
flow phenomena are discussed for both
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rocket and ramjet engines, as are fac-
tors involved in converting propulsion-
system energy into vehicle energy and
then to range. Performance of the three
vehicles is related to chemical energy
expended. Aerothermochemistry of Jet
Propulsion Liquid-Propellant Rocket
Motors, T. Paul Torda. The phenomena
in compressible flow in which chemical
and phase changes take place is dis-
cussed. One of the least understood
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phases of aerothermochemistry is the
combustion of liquid sprays, and this
subject is developed here at greater
length. This subject is important in
understanding  instabilities that de-
velop in rocket motors. Analytical
methods are required in successful de-
velopment, and since nonlinear mathe-
matics is not sufficiently developed,
linear theories have been proposed.
The theories reported here are believed
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