


RESULT OF TESTS OF MODELS OF A
SHALLOW DRAFT RIVER GUNBOAT

MODELS AND TOWING EXPERIMENTS

Experiments have been carried out with three models for a
shallow draft river gunboat. These three models, numbered
respectively 2421, 2422 and 2460, were derived as follows:
Model 2421 is in accordance with Bureau C&R Plans 006427 and
006439. In general the bow lines are convex. The model has
a tumnel stern.

Model 2422 is similar to Model 2421 as to afterbody but the
lines of the forebody are altered to give them in general a

"V section. These lines are from C&R Plans 006475 and 006439.
Model 2460 has the same bow lines as Model 2421, but the after-
body has been changed as required by the fitting of surface
propellers. The lines for the afterbody were developed at the
Model Basin.

All of the models have the same displacement, 409 pounds,
which corresponds to a fresh water displacement of 532 tons for
the full sized ship and a linear ratio of 14.128.

All of the models were towed for the determination of their
resistance at speeds between 1 and 5 knots. The towing experi-
ments were conducted both in the full depth of the Basin and
also over a shallow bottom in depths corresponding to 10 feet,
15 feet and 20 feet, for the full-sized ship, and in the case
of Model 2460, the resistance was also determined for a depth
of 52.3 feet. The deep water resistance of Model 2421 was
measured with shafts and struts and with three and four rudders
respectively and also without rudders. The E.H.P. curves for

these resistance runs are shown on Sheets 1, 2 and 3. Sheet 3



also shows the curves of E.H.P. for the three shallow water
tests.

Comparison of the resistances of Models 2421 and 2422
at shallow drafts showed a superiority for Model 2421, although
not as great as reported upon for deep water in a preliminary
report made to the Bureau in July 1922. No E.H.P. calculations
were made for Model 2422 from the results of the shallow depth
runs.

In the case of Model 2460, no appendages were fitted
since the shafts come out at the stern above the waterline and
the question of a rudder for this design has not been decided.
Model 2421 was towed without rudders in order to permit a direct
comparison of the hull performance of these two types of hull.

The curves of E.H.P. from Model 2460 are shown on Sheet
4. Contours of Power plotted on speed and log depth for Models
2421 and 2460 are given respectively on Sheets 5 and 6, and
Contours of Speed on Power and Depth for the Models 2460, are

given on Sheet 7.

SELF PROPULSION EXPERIMENTS
Self Propulsion tests were performed on Models 2421 and
2460. The propellers used in these tests are tabulated below.

Dia. Pitch Pitch Mean No. Projected | Projected

No. inches | inches | Ratio | Width | Blades Area Area Ratio
Ratio
412 6.70 7.00 1.04 0.458 3 20.04 0.568
413 6.70 7.00 1.04 0.461 3 19.91 0.565
458 9.19 8.90 0.968 | 0.197 4 25.66 0.386
459 9.19 8.90 0.968 | 0.197 4 25.66 0.386
585 | 11.34 11.34 1.00 0.250 4 34.47 0.341
586 | 11.34 11.34 1.00 0.250 4 34 .47 0.341




The self propulsion experiments conducted on Model 2421,
included one series each in deep water with the Model fitted
with three and four rudders respectively, and self propelled
runs without rudders, in shallow water in depths corresponding
to 10 feet and 20 feet respectively, the model in every case
fitted with propellers 412 and 413. Propellers No. 585 and 586
were designed for use as surface propellers with Model 2460.
These propellers were tested on this Model in a series of self
propulsion tests in depths corresponding to 10 feet, 20 feet
and the full depth of the Basin. A series of tests were also
made on Model 2460 at full Basin depth using propellers No.

412 and 413 from Model 2421 as well as propellers No. 458 and
459, the latter at two depths of propeller immersion.

The characteristics for propellers 412 and 413 and for
585 and 586 in open water are shown on Sheets 8 and 9 respect-
ively.

The results of these self propulsion tests for Model 2421
are shown on Sheets 10 and 11 for deep water with three and four
rudders respectively and on sheets 12 and 13 for depths corres-
ponding to 10 and 20 feet respectively.

The corresponding curves of estimated horsepower for the
ship, based on these tests, are shown on Sheets 14 to 17
inclusive.

Similarly, the results of the model tests for Model 2460
with propellers 585 and 586 are shown on Sheet 18 for deep water
and on Sheets 19 and 20, for depths corresponding to 10 and 20
feet respectively. On Sheets 21, 22 and 23 are given the results
of the tests on this Model with propellers 458 and 459, at two
shaft levels and with propellers 412 and 413 used as surface

propellers.



Estimated curves of power for the ship based on these
self-propulsion tests of Model 2460 are given on Sheet 24 for
deep water and Sheet 25 for a depth of 20 feet. The data ob-
tained from the Model test at the depth corresponding to 10
feet were not sufficient to permit the estimate of power for
this condition, while the results for the Model in the self
propelled tests using propellers other than Nos. 585 and 586
showed such unsatisfactory performances that estimates for the

ship were unnecessary.

ANALYSIS OF RESULTS

There are three items to be considered in an analysis of
the results of the tests, namely, the comparison of the two types
of vessels, the comparison of the performance of the three pairs
of propellers on Model 2460, and the effect of the depth of
water on the Model performance. The effective horsepower for
the two ships in fresh water is tabulated below (without rudders).

Deep Water
Speed 10 knots 16 knots
Tunnel Stern 180 1080
Flat Stern Surface Propeller 160 900

20 feet Depth
Speed 10 knots 125 knots

Tunnel Stern 210 490
Flat Stern Surface Propeller 210 560



10 feet Depth

Speed 9 knots
Tunnel Stern 340
Flat Stern 380

The above figures show a superiority for the flat stern
only in the deep water condition; in the other conditions it
seems slightly worse off but the results were hard to obtain
and are not as reliable as for the deep water condition.

A comparison of Sheets 14 and 18, in deep water and Sheets
17 and 25, in water of 20 feet depth indicate that the effi-
ciency of propulsion for the flat stern is higher than for the
tunnel stern, and this, it is believed, would be found to be
true for other depths, particularly so if the propellers are
sufficiently large.

In the case of Model 2460 three sets of propellers were
tried of varying diameters, but the two smaller pairs broke
down at or below a speed corresponding to 16 knots, thus in-
creasing the revolutions a prohibitive amount.

While propellers 585 and 586 proved full large for the model
and prevented any break-down occurring within the range tested,
it is not certain that the full sized propeller will do likewise
for the gunboat. If 1t can be assumed that the ship propeller
will not fail below corresponding velocities, then a smaller
propeller, say 12 feet 3 inches working at 150 r.p.m. might be
attempted, but with more attendant risk of failure than with
the larger propellers.

The following table gives the different data to be found

on the several sheets, 1 to 25.



Sheet

Yo. Model | Depth |Propellers Shows Remarks
1 2421 Full E.H.P. Fresh Water 3 rudders
2 2421 Full E.H.P. S & F 4 rudders
3 2421 Various E.H.P. F.W. No rudders
4 | 2460 Various E.H.P. F.W. No rudders
5 2421 Various Contours E.H.P. No rudders
6 | 2460 Various Contours E.H.P. No rudders
7 2460 Various Contours Knots No rudders
8 412 & 413 Characteristic

Curves
9 585 & 586 Surface Propellers
10 2421 Full (412 & 413 Self Propelled Model 3 rudders
11 2421 Full (412 & 413 Self Propelled Model 4 rudders
12 2421 10 feet {412 & 413 Self Propelled Model | No rudders
13 2421 20 feet (412 & 413 Self Propelled Model | No rudders
14 | 2421 Full |412 & 413 Self Propelled (Ship)| 3 rudders
15 2421 Full [412 & 413 Self Propelled (Ship)| 4 rudders
16 | 2421 10 feet 412 & 413 Self Propelled (Ship)|No rudders
17 | 2421 20 feet 412 & 413 Self Propelled (Ship)|No rudders
18 | 2460 Full [585 & 586 Self Propelled Model |[No rudders
19 | 2460 10 feet|585 & 586 Self Propelled Model |No rudders
20 | 2460 20 feet[585 & 586 Self Propelled Model |No rudders
2”1 2460 Full (458 & 459 Self Propelled Model |No rudders
CL 4.86 up
22 | 2460 Full |458 & 459 Self Propelled Model |No rudders
CL 5.92 up
23 2460 Full {412 & 413 Self Propelled Model |No rudders
CL 4.86 up
24 | 2460 Full |585 & 586 Self Propelled (Ship)|No rudders
as des.
25 | 2460 20 feet (485 & 685 Self Propelled (Ship)|No rudders

as des.
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