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| NTRODUCT| ON

Oten systens to be sinmulated on an anal og conputer are too fast
to be observed on the output of the conputer or to be recorded on
a device such as an X-Y recorder. In other cases, the system may
have a tinme response of hours, days, nonths, or even years. In
either case, it nay be desirable or even necessary to “tine-scale”
the system (to slow it down or speed it up).

To “time-scale,” arelationship betweenreal tinme, tr, and conputer
time, tc, is needed, such as,

tc = Btr, 1

1

where Bis the tine scaling constant. Taking the derivative of tc
with respect to tr, equation (1) becones, 1

d(tc)/d(tr) = B. (2)
Consi der the system equati on,
X' (tr) +a X (tr) + b X(tr) =c Y(tr). (3)

Usi ng the chain rule,
dX(tr) _ dX(tc))(d(tc) _ LdX(tc)
d(tr) d(tc) d(tr) d(tc)

and,

dX(tr) BdX(tc)
d2X(tr) _ d[d(tr)} d[ d(tc) Ld(tc)

d(tr)? d(tr) d(tc) d(tr) (5)
d2X(tr) _ BZde(tc)
d(tr)? d(tc)?

or,



(tr) _ Bnan(tc) (
r)n d(tc)n

A tinme-scal ed equation (3) would be,

X(tc)  bX(tc) cY(tc)
a BC 4 E52C _C E’)ZC (7)

X'(t c) +

Notice that if a systemequation is tinme-scaled, the input to the
system nust al so be tinme-scal ed.

Ti me-scal i ng does not affect the magnitude nor the general shape
of a time response curve. To obtain an unscaled tine response
curve, the tinme axis is sinply re-scaled to real tinme by dividing
conputer tine, tc, by the scaling constant, B, or,

tr = tc/B. (8)
It should also be nentioned that it is desirable that the

coefficients of a system function such as that described by
equation (3) be between 0.1 and 10 for ease of sinulation. Tinme-

scaling along with magnitude-scaling will generally acconplish
this.
The problem below not only illustrates tine scaling but also the

ability of the anal og conputer to sinulate a variety of systens.

The Problem  The di scharge of wastes into a body of water presents
a problem of primary inportance in the field of water-pollution
control. The reduction of this organic matter by bacteria results
in the utilization of dissolved oxygen. The primary repl acenent
of this dissolved oxygen occurs through the water surface exposed
to the at nosphere. An increase in the pollutional |oad stinulates
the growth of bacteria and oxidation proceeds at an accel erated
rate. The concentration of the organic | oad can be so great that
all of the dissolved oxygen in areceiving water is utilized by the
bacteria. This lack of oxygen inhibits the higher forns of
biological life, and conditions set in that are detrinmental to man.
The concentration of dissolved oxygen is one of the nost
significant criteria in streamsanitation.




Every stream is limted in its capacity to assimlate organic
wastes. As long as this limt is not exceeded, the disposal of
organi c wastes in streans represents the nost econoni cal nethod of
wast e di sposal . The evaluation of the natural purification
capacity of a streamis of fundanental engineering value. Streans
are used as natural treatnent plants, and it is necessary to
determne their capacity in order not to destroy their usage for
ot her purposes.

The si nul taneous acti on of deoxygenati on and reaeration produces a
pattern in the dissolved-oxygen concentration of river water.
This pattern, known as “the dissolved-oxygen sag,” was first
descri bed by Streeter and Phel ps in 1925. The equati on descri bi ng
t he sinmul taneous action of deoxygenation and reaeration is,

dD(t)/dt = KL L(t) - K2 D(t), (9)
wher e,

D(t) - dissolved oxygen deficit

L(t) - concentration of the organic matter

K1 - coefficient of deoxygenation

K2 - coefficient of reaeration

D(0+)- initial oxygen deficit at the point of waste di scharge.

The concentration of the organic nmatter, L, can be expressed as
fol |l ows:

dL(t)/dt = - KL L(t), (10)
wher e,

L(O+)- initial concentration of the organic matter in the
stream (BOD) .

The di ssol ved oxygen, DQ(t), can be determ ned by subtracting the
oxygen deficit, D(t), fromthe maxi mum possi bl e oxygen that could
be dissolved in the streamfor a particular condition,

DO(t) = DOmax - D(t). (11)

The proportionality factor, Kl, is a tenperature function. The
proportionality factor, K2, is also a tenperature function, but
nmore inportantly, it is a function of the turbul ence of the stream



PREL|I M NARY

P-1.

Set up the equations (9) and (10) for the anal og conputer
using the appropriate time scaling.

A city of 200,000 popul ation produces sewage at the rate of
120 gpcd and the sewage plant effluent has a BOD of 28 ny/l
The tenperature of the sewage is 25.5 degree Celsius, and
there is 1.8 ng/l DOin the plant effluent. The streamfl ow
is 250 cfs at 1.2 ft/sec and the average depth is 8 ft. The
tenperature of the water is 24 degrees Celsius before the
sewage is mxed with the stream The stream is 90 percent
saturated with oxygen and has a BOD of 3.6 ng/l. The inportant
coefficients are,

K1 = 7.03 x 10°% per sec

K2 = 8.80 x 10°% per sec

D(0+) = 1.59 ny/|

L(0+) = 6.75 ny/|

DOmax = 8.48 ng/ | . -

The desired output is DO(t) versus tine.



P-2. Drawthe anal og conputer schematic for the probl emabove bei ng

cogni zant of the features of the anal og conputer to be used.

(I NSTRUCTOR S SI GNATURE DATE )
PROCEDURE
F-1. Set up the problemfromthe prelimnary report on the anal og

F- 2.

conput er .

Plot DQ(t) vs. tinme using an X-Y record. Be sure to record
scal es.

REPORT (should include at |east the follow ng)

R-1.

Verify the accuracy of your graph using the digital conputer
simul ated plot..

Scal e the plot obtained fromthe experinent so that DO(t) is
inng/l and real tine.

Determ ne the m ni num DO of the stream

Determ ne the distance in feet down the stream where ni ni num
DO occurs.

Di scuss the results in ternms of tinme scaling.



