A Short Method For Calculating Outage For
Loading of Molasses Tank Cars

H. M BAUSERMAX"

It is required by railroad companies thai, molasses cars set for
loading shall be loaded within certain limits of weight. It is desir-
able, and generally permissible, to load over the ''capaeily" weight
stenciled on the car but not to exceed a certain maximum weight.
This maximum is usually 110 percent of the "capacity" weight, or
the maximum may in some instances be stenciled on lhe car as " Ld.
Limit" (load limit). Where track scales are not provided at the
loading station, it is necessary to calculate the required outage in order
that the weight of the load will more than equal the indicated railroad
capacity weight but be less than the maximum of 110 percent of the
capacity weight, or that it shall not exceed the stipulated load limit.

The computation of outage for the filling of a car to tin; proper
load weight involves essentially a calculation of the volume of the
liquid of given density, in this case molasses, such that the calculated
volume of liquid will have aweight equal to the desired loading. Calcu-
lations with this object can be greally simplified by the use of tables of
constants. Tt is the purpose of this paper to show how such tables can
be constructed and applied.

Development of Procedure

Assuming that the volume capacity of a car is greater than the
permissible loading, the relationship between the loading permitted
or desired and the total weight capacity of the car, which relationship
we may designate by the factor f, would be expressed by the equation

Lioadd weight desired (pouands)

(1) fom

Lioad weight of compl.ete.i_v. Filled l.'zu-'. {penneds)

Since a certain overload of defined limitations in excess of the
indicated weight capacity is permitted, and usually desired, equation
(1) may be written

Tndiested load weight capaeity {pounds)
Percent capaeity leading
(2) £

Volume eapacily in gallens W weight per gallon
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nr

Indicated load weight capacity (pounds)

(3) I=

525

Volume gapacity i gallons

Now, Ietting K represent the sceond fuetor in equation {3}

(4) K=

Indicated load waight eapacity (pounds)

Percent capaeity loading

X.

Percent capacity loading

Weight per gallon

, lhen

Weight por gallon

(H)  fe—

Yidume capreity in gallons

XK

Values for the factor K can be set up in a table for molasses of
various densities and for a range of percentage of loadings over the

capacity loadings.

In table 1 values for the factor K are given for

molasses densilies ranging from 77.5 to 87.5 Brix by stages of 0.5
Brix and for fill of 100 to 110 percent of indicated capacity loadings.
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Values for pounds per gallon used in deriving above K factors represent the
weights in air calculated from apparent specific gravity 20/20 equivalent to the degree
Brix, Table 114, Circular C 440, National Bureau of Standards.

Weight of 1 gallon of water at 20° C. in air against brassweights=8.3216 pounds.
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Referring again to equation (1)
Load weight desired {ponuds)

f— i

Lowed weight of completely filled ear {pounds)

1f we let

l=length of the tank

d=ddiameter of the tank

h==bheight of fill in the tank
V=total volume of tank
V,=volume of tank to height of fill

then
V. X Weight per unit volnme

(8) f=
Vo Weight per unit volume

The volume of the tank to the helght of fill is comnputed by The

formnla

[3.1416 a*® 2h-tl . d* 2h-1]
(7}y Vel { -——o-o 4+ —— 3 hd-l¥ 4 —  are sin
| 4

8 2 a |

and

[3.1416 d=)

(8) V=1 {— ’
L

4 )

Snbstitnting these values for V, and V rezpectively in equation

{6} we have

3.1416 42 hd . 1® 2l
(") _— + 3/ hd-h* + — are sin
8 4 d
f =

3.1416 d°

Values for f as the above with relation to the ratio h/d from
.01 to 100 are available in a table published originally in Central
blatt der Zneker Industrie, Feb. 10, 1911, page 108-109, and reprinted
in Genera Methods and Data, 1925, page 124, American Crystal
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Sugar Company. Several of the values as given in the table were
selected at random and compared for agreement, with values calcu-
lated by means of the above formula. Since the values agreed, at the
several random points checked in the table, free use was made of that
table in arranging another table of factors.

The table referred to, as noted above, gives the factors f in rela-
tion lo the ratio of the height of fill, i. e, the depth of the liquid, to
the diameter of the tank. In loading tank cars, rather than to measure
the height of fill it is more convenient to have the desired fill defined
as outage, or the distance from the top of the tank to the top of the
liquid. The table of factors of f for the ratios h/d was therefore
rearranged for greater convenience to give values for u/d, where u
stands for outage. The term outage as herein used is defined as the
distance from the top of the tank to the top of the liquid, measured
from the inside edge at the top of the main body of the tank and
below the dome. Since u equals d-h then the factor f corresponding
to u/d for given values of d and h is the same as the factor for |-("h/d).
Values for u/d equivalent to factor f are given in table 2.

Application of the Table for Computing Outage

With a few pertinent items of information relative to the loading
and by the application of the tables, the determination of the ap-
propriate outage for loading to the desired load weight can be reduced
to one reference to each of the tables and a few simple calculations.

The required items of information pertaining to the loading will
be the following :
(a) Brix of the molasses
(b) Desired percentage of indicated load weight capacity
(c) Indicated load weight capacity in pounds

(d) Volume capacity of the car in gallons (body only, see
note below)

(e) Inside diameter of tank in inches
Item (a) will be provided from the analysis.

Item (b), the maximum, will usually be established by railroad
rulings.

Items (c) and (d) will usually be found stenciled on the car
body, either on the side or end of the tank. In this connection it is
to be noted that, if no designation is made otherwise, the gallons
capacity stenciled on the car usually includes the dome. The capacity
of the dome can be computed; however no appreciable error will be
introduced if it is estimated and a, deduction made accordingly from
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it = IMameter of tank
Tmklcated lead welght eapacity {poumilsd

r=_ @ . . e = Wifremm 1able )

¥olume capacity (gallena)

the total stenciled capacity to obtain the gallons capacity of the
body only.

Item (e), the diameter of the tank, is the only item of measure-
ment on the car required for the calculation of the loading outage.

In table 1, in line with a Brix value in the first column, under
the caption Brix, closest to that of the determined Brix of the molasses,
and in the selected column under the heading of the desired percent-
age indicated capacity load, the appropriate factor K is found.

From equation (5)
Indicated loadl weight capacity {(pounds)

o= x K
Volume capaeity in galons
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By inserting in this equation items (e) and (d), established from
the information stenciled on the car as mentioned above, and the
numerical value for factor K derived from the table, the factor f is
calculated.

Referring to table 2 the appropriate factor u/d will be found,
corresponding to the factor f. Since u/d is the ratio factor of outage
of the loaded tank to the total diameter, then

u
Ontage in inches — — X dismeter of the tank in inches.
a

Note: The factors in table 2 are set up for a tank with straight
parallel ends. Most cars have ends bumped outward, however, these
ends should not be considered in the calculations. When a car is,
as in the usual case, loaded nearly full,any small error introduced
from this source will be more than compensated by the coil of pipe
commonly found in the bottom of the car and used for heating the
load. One of the greatest errors made in loading cars to predetermined
weight is usually that of not loading the car to the calculated outage.
This error, along with other unavoidable errors introduced in Brix
determinations, temperature, foam measurement, and so forth will
affect the final load weight to the extent that it will usually vary
from the selected value by less than 1 percent.

An example will illustrate the procedure of calculation. The
values were taken from our notebook and cover a car actually loaded.

(@)  Brixofthemolasses............ccooviiiiiiiiiiiiiii e X

(b) Desired percent of indicated load weight........................ -108.
(108 percent was used rather than 110 percent
to allow for any small errors.)

(c) Indicated load weight capacity in pounds.. . ... ... 80,000.

(d) Volume capacity of the car in gallons
(8,044 stenciled on car, estimate dome 44,
body only). ...t 8,000.

(d) Diameter of car ininches.. . ................................ .79

Prom table 1 it is found that
K = 0.09088

Prom equation (5) above

Indieated load weight capacity (pounds)
f o= H % _

Vaolume capacity (galilons)
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80,000
F o QLDQOBH M . - — .- 0.0088
8,000

Now finding n/d from teble 2 ithat most nearly corresponds to
(LY0R8
u/d =—
Theu
Chitage = 1,/d » diameter in inches
Outage A5 ¢ 79 — 11,85 inches

The actual railroad weight of this load was 86,880 pounds. We
attempted to load this car to 108 percent of 80,000 pounds or 86,400
pounds.

The percentage error then was
56,880

86,400

Application of the Tables in Estimating Load Weight of Cars

It is of frequent occurence that cars of molasses for processing
are received in advance of receipt of their bills of lading, and it be-
comes necessary for immediate accounting purposes to apply tem-
porarily, in lieu of the actual railroad weights, an estimated weight
of the molasses received. By reversing the above procedure of calcu-
lation for estimation of required outage for loading of tank cars, the
formulae and tables may likewise be used for approximating the load
weight of a loaded car.

From the measured outage and the diameter of the tank the
ratio of outage to diameter, u/d,, may be determined and in table 2
a factor f equivalent to the ratio u/d will be found.

By substituting in equation (1) "load weight contained" for
"load weight desired", we have

load weight coutained {peunds)
f =

Load weight of completely filled car (pounds)
which may be expressed as

load weight contained (poundsa)
[ —

Volume capacity in gallons X pounds per gullon
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TFhern
load weight suntained = volume sapacity in gallons » pounds

per gallon X f
An gxample will illustrate

Let d, diameter, inches = #1
u, ontage, inches = 11
Volume eapacity in gallons  =—58,023 (bedy only}
Brix of molasses = AL3
1u 11
Then — = — — 136
d . 81
u
From table 2 where — = .136, by interpulation it is
d

fonnd that

= 018
From table 1 at 1.5 Brix

weight per gallon — 11.86 poands
Then

" Load weight contained =8,02% x 11.86 x .918==37 350 pounds.



