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shaft, were characterized in open water. The motivation for this work was
to determine if the reduced loading per propeller would improve efficiency.
Other potential gains such as reduced vibration and decreased cavitation
are to be studied later. The experiments were performed at two angular
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parent propeller. The performance shows that improved efficiency is
obtainable with tandem propellers. The results also show that changes in
performance occur with different angular positions of the propellers.
Additional experiments are recommended. ,R
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INTRODUCTION

The tandem propellers described in this report consist of two propellers
operating one behind the other, on the same shaft with the same rotational
speed and direction of rotation. The proper design of such propellers
requires special consideration of the distance between forward and after
propellers, relative angular position of the blades of the two propellers,
and an accurate prediction of the interaction between the two propellers
in order that the prescribed loading may be attained. Drawings of one set
of tandem propellers (4148 and 4149) designed at the Naval Ship Research and

Development Center (NSRDC) are shown in Figures 1 and 2.

The concept of tandem propellers is being explored in an attempt to
determine if greater propeller efficiency (no) can be obtained (than for
a single propeller) while maintaining the same thrust coefficient (KT)'
Also, the possibilities exist for reducing blade cavitation by increasing
the effective total blade area and/or reducing the loading on each propeller.
Other advantages are potential reductions in propeller induced hull and
machinery vibrations. Preliminary (unreported) experiménts with
propellers 4148 and 4149 showed a greater efficiency than was predicted,
thus meriting further investigation into their capabilities. This report
presents an open water evaluation of these propellers, and compares their

performance to the parent propeller, NSRDC propeller 4118.




ADMINISTRATIVE INFORMATION

This work was sponsored by Naval Ship Research and Development Center

(NSRDC), funded by IR,IED, and performed under Work Unit Number 1528-024,

PROCEDURE

Open water experiments were conducted at NSRDC on Propellers 4148 and 4149
in April 1973, utilizing Carriage I, the propeller boat, and a 100 inch-pound
transmission type dynamometer for measuring propeller thrust and torque
(Figure 3). The propellers were run at a speed of advance (VA) varying from
3.0 to 12.0 ft/sec and a rotational speed (N) from 7.0 to 11.0 revolutions

per second permitting operation at Reynolds numbers Rn from 4.1 X 105 to

6.7 X 105.

Since it was probable that various angular positions of the forward
blades with respect to the aft blades would have an effect on the performance
of the unit, the propellers were tested at two blade settings: the design
setting (Setting 4), where the blades of the aft propellers were centered
between those of the forward propeller (Figure 4), and Setting 1, where the

blades of the two propellers were in line with each other (Figure 5).

RESULTS

The comparison of the open water curves for Tandem Propellers 4148 and
4149 and parent Propeller 4118 are .shown in Figure 6. Tabulated open water
data for the tandem propellers at both blade settings are presented in

Table 1. Both the tandem propellers and the parenmt propeller were




designed for uniform inflow for a KT near 0.15 at a speed coefficient,

J, of 0.833. It can be seen from the performance characteristics shown

in Table 2 that at the design angular spacing, the tandem propellers
produced a higher thrust and torque than designed for but percentage wise
were as near design as was the parent propeller. Overall, a peak efficiency
of 75 percent is observed at a J of 0.94 for setting 1 (tandem) and an
efficiency of .737 at a J of 0.91 for setting 4 (tandem) while the peak

efficiency of propeller 4118 was 72 percent at a J = 0.94.

CONCLUSIONS AND RECOMMENDATIONS

Based on the design performance characteristics the tandem propellers
appear to be a suitable substitute for the parent propeller. Further studies
are recommended for tandem propellers to determine which aspects of the design
of such propellers, such as relative angular and axial position of the
individual propellers, have the greatest affect on the overall performance
characteristics of the unit. Also, since one of the potential gains of
tandem propellers is to reduce cavitation, cavitation tests for the existing

L propellers should be performed and compared with cavitation tests of the

partent propeller.
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Pﬁ::glier Coefficient | Design | Open Water | Pct. Difference
4118 J 0.833 0.833 0

Ky 0.154 [ 0.150 =3

10!(Q 0.290 0.285 -2

Tlo 0.706 0.698 -1
4148-49 J 0.833
Setting 1 Kp : 0.166

101(Q 0.305

o 0.723 |
4148-49 J 0.833 0.833 0
Setting 4 Ko 0.150 0.154 +3

10K, 0.275 0.281 +2

Mo 0.723 0.722 0

Table 2 - Open Water Performance at
Design Advance Speed
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Figure 4 - Photograph
Setting 4

s of Propellers 4148-49 at
(Design Setting)




Figure 5 - Photographs of Propellers 4148-49 at
Setting 1
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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