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A METHOD FOR CONVERTING THE BRITISH (C) COEFFICIENT BASED

ON THE FROUDE "0" VALUES TO A © COEFFICIENT

BASED ON THE SCHOENHERR FORMULA

by

Morton Gertler

INTRODUCTION

For many years it has been the practice of the British model basins

to use the so-called circle coefficients for presenting comparative resistance

data. These circle coefficients, some of which are subsequently defined, are

based on Froude's original notation in which the dimensions are expressed in

terms of the unit U, which is equal to the length of a side of a cube whose

volume is equal to the volume of a given ship. The circle coefficient most

commonly used as a resistance parameter, known as Q, is generally calculated

from the resistance or effective horsepower of a given ship as predicted from.

model-test data using the R.E. Froude frictional constants for both model and

full scale. For comparative purposes, the Q values for the various vessels

are generally given for a 400-foot ship operating in salt water of 59 F.

A proposal was advanced to the International Conference of Tank

Superintendents of 1948 to adopt the Schoenherr frictional-resistance formula-

tion, which is used by all American model basins, for use internationally.

One of the consequences of such a proposed change is that the numerical values

of 0 calculated with the Schoenherr formula differ from those calculated

with the Froude constants. Thus it would be difficult to compare the large

volume of previously accumulated data with data prepared from subsequent

tests.

To retain the use of the earlier data for comparative purposes, a

method for easily converting @ based on the Froude constants to @ based

on the Schoenherr formula is derived and presented. For brevity, these coef-

ficients are referred to as the Froude @ and the Schoenherr ®, respec-

tively.

METHOD FOR CONVERTING FROM THE FROUDE C) TO THE SCHOENHERR (
The Froude © and the Schoenherr @, for a full-scale ship of

given displacement, differ to the extent that the values of frictional resist-

ance vary in both the model and full-scale ranges. Consequently, if @
values are to be calculated for a 400-foot ship operating in salt water of a

temperature of 59 F, the variables to be considered are: model length, model

speed, water temperature, and ship speed.
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Irrespective of the frictional-resistance values used, the Q coef-

ficient may be expressed as follows:

1000 R

where R is the total resistance,

A is the displacement, and

v 47--
V® -

[1]

[2]

where v is the speed,

V is the immersed volume, and

g is the acceleration due to gravity.

If the difference between the Schoenherr @ and the Froude @ is

designated as 6 @, then it follows that

1000 bR,5@-40 [3]

where 6R is taken to be the difference between the total resistances obtained

by the two methods, of a 400-foot ship operatng in salt water at

59 F

but

6R = - Sv2 (6 Cf)2 f [4]

where P is the mass density,

S is the wetted-surface area, and

dCf is obtained from the following relationship:

dCf = (CFS - CFF) + (CfF - Cfs)

where CFS is the Schoenherr frictional-resistance coefficient in

range and includes an allowance for ship roughness,

CFF is the Froude frictional-resistance coefficient in the

CfF is the Froude frictional-resistance coefficient in the

and

CfS is the Schoenherr frictional-resistance coefficient in

range.

[5]

the ship

ship range,

model range,

the model

The coefficients CFS and CFF are taken at equal values of Reynolds

number for given speed since the length and kinematic viscosity are fixed.

The coefficients CfF and CfS are taken at equal values of Froude number and,



since their difference is reflected as a residual-resistance coefficient,

their order is the reverse of CFS and CFF in Formula [5] to. retain the proper

algebraic sign when the expansion is made according to the Froude law of si-

militude. Although the values of (CFS - CFF) remain the same in all cases,

(CfF - CfS) changes according to the model lengths and basin-water tempera-

tures used since these factors affect both the Reynolds number which deter-

mines the CfS and the f constants which determine the CfF.

If
S
2 - [6]

Vs

is taken to be constant, Formula [3] can be combined with Formulas [4], [5],

and [6] as follows:

1000 , © 8 vv2 (6C 1
6( = (f) 1000 (® (6Cf) [7)

Thus it is seen from Formula [7] that 6 @is independent of dis-

placement and varies only as Cf is affected by model length and water tem-

perature. There is, however, a difference in the speed parameter @ de-

pending on the ship displacement.

Figure 1 shows contours of model length on coordinates of @ and

). These contours were derived from Formula [7] for a standard model-basin-

water temperature of 59 F. A roughness allowance of 0.0004, which is the

value presently in use in the United States, was used with the Schoenherr

frictional-resistance coefficients for the ship range. If larger roughness

allowances are used the values of ( must be increased by 0.024 for each

0.0001 in excess of 0.0004, or if smaller roughness allowances are used the

values of 6@ must be decreased at the same rate. In the interest of uni-

formity, however, it is desirable to settle on a uniform roughness allowance

when @ is to be used to compare the resistances of vessels of different

designs. Auxiliary curves are given to accommodate the shift of @ with

displacement. If, however, speed-length ratio, which is defined as the speed

in knots divided by the square root of the length in feet, is preferred as a

speed parameter, values can be read from the abscissa, and the auxiliary

curves for displacement are not required. Since the variation of 6( with

basin-water temperature is small, a table is given with the contours to com-

pensate the 6Q values for temperatures other than 59 F.

The use of the contours in Figure 1 to convert from the Froude ©
to the Schoenherr @ can be best illustrated by considering the test results



for a typical model. The characteristics for a typical passenger-cargo ves-
sel are given in Table 1, which lists the dimensions in terms of a prototype

with a length between perpendiculars of 400 feet and with the coefficients for
the example under consideration.

TABLE 1

Characteristics for a Typical Passenger-Cargo Vessel

Dimensions in Terms of a Vessel of 400-Foot LBP

Beam, feet 58.40
Draft, feet 20.00

Displacement, tons 7446

Length of entrance, feet 199.0

Length of parallel middlebody, feet 0

Length of run, feet 201

Wetted-surface area, square feet 26480

Midship section area, square feet 1128

Waterplane area, square feet 16300

Coeffidients

Block

Midship section

Longitudinal prismatic

Prismatic of entrance

Prismatic of 'run

Vertical prismatic

Waterplane

Displacement-length ratio

Beam/draft ratio

Length/beam ratio

©

0.557
0.966
0.576
0.558
0.574
0.796
0.686

116.4

2.92
6.85
6.94

Figure 2 shows curves of @ versus @ for the given 400-foot ves-
sel operating in salt water of 59 F temperature. Each of the curves was cal-

culated from the resistance test data obtained by towing a 20-foot model in
fresh water at a temperature of 61 F. The curves were calculated independent-

ly, one with the Froude constants and the other with the Schoenherr formula.
It is seen from Figure 2 that at O of 2.00 the Froude © is

0.704. To convert this value to the Schoenherr ®, the procedure is as

follows:
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Enter the ) scale of Figure 1 at 2.00, move horizontally to 7446

tons on the displacement curves, and then vertically to the contour for the

20-foot model where a 6 @ value of +0.016 for 59 F is obtained. The tem-

perature correction for 61 F is, from the table in Figure 1, 0.000. Thus

for a temperature of 61 F @ is equal to

0.016 + 0.000 = 0.016 when @ = 6.00. For ( = 6.94

a = 6.94 x 0.016 = 0.019
6.00

Therefore

Schoenherr © = Froude © + 60= 0.704 + 0.019 = 0.723

which agrees with the value of 0 based on the Schoenherr formula shown in

Figure 2.

In this example, at a ) of 2.00, the Schoenherr @ is approx-

imately 2.7 percent higher than the Froude 0. In more extreme values of

model length and ®, however, the differences in ) obtained by the two

methods can become much more appreciable.
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1.0 : :sistance calculated using Schoenherr- - 0.12
-I Schoenherr and that using Froude-roude.

1000 a is the displacement.
- v is the speed.

7 V is the volume of displacement.

S is the area of wetted surface.

g is the acceleration due to gravity.

0.0 .0.0- 0.14
10 2.0

Speed-Length Ratio v

Figure 1 - The Difference 6@ between the Froude and the
Schoenherr @ with a Roughness Allowance of 0.0004

The values of 6 are for a 400-foot ship with a r of 6.00 and operating in salt water

of 59 F. A positive 6 indicates that the Schoenherr is higher than the Froude .
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Figure 2 - @ for a 400-Foot Passenger-Cargo Vessel, Plotted against ®, Showing
the Difference between the Schoenherr © and the Froude ©
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