THE UNIVERSITY OF MICHIGAN

COLLEGE OF ENGINEERING
Department of Naval Architecture and Marine Engineering

RESISTANCE AND PROPULSION TEST RESULTS ON TWO MODELS

1. Series 60, Cg = .80
2. High Speed Cargo Ship PD 108-85-0

Finn C. Michelsen
R. B. Couch
Hun.Chol Kim

ORA Project 04652

under contract with:
DEPARTMENT OF COMMERCE
MARITIME ADMINISTRATION

CONTRACT NO. MA-2561
WASHINGTON, D.C.

administered through:
OFFICE OF RESEARCH ADMINISTRATION ANN ARBOR

March 1962






I. INTRODUCTION

This report presents the results of resistance and self-propulsion tests
of two models carried out at the Ship Model Towing Tank of The University of
Michigan from October to December, 1961, as an extension to two model tests
previously performed under the sponsorship of the Maritime Administrationol
These earlier tests showed that good results could be obtained with a 1lk-foot
(IBP) model size as compared to the 20-foot size normally used at David Taylor
Model Basin, It was decided, however, to investigate further the correlation
of results obtained with these two model sizes, specifically for a fuller
model, such as Series 60, Cp = .80. In addition, a finer model, the Maritime
Administration design PD 108-85-0, was tested so that correlation data for a
complete range of block coefficients would be available. This model was tested
at two draft conditions,

Hy: Loaded Displacement
Ho: Light Displacement

The model numbers are as follows:

Series 60, Cg = .80: U of M 932 (DIMB 421L)
PD 108-55-0: U of M 933






IT. SUMMARY

Results of the resistance tests are summarized in Figs. 1-4, and of the
open-water and self-propulsion tests in Figs. 5-90.

The 1947 ATTC friction formula is used throughout. Figures 2 and 4 show
the Cr versus speed-length ratio for models 932 and 933, respectively, after
blockage effects have been corrected for., Blockage corrections are based on
Dr., Hughes' recently published paper,2 Instead of a constant K value of 1.7,
as recommended by Dr. Hughes, a varisble K value depending upon speed-length
ratio and block coefficient was used, however. The functional relationship
between K and these variables was derived from the differences between test
results as obtained at DIMB and at The University of Michigan. A plot of K
for various block coefficients is shown in Fig., 10.

Turbulence stimulation was the same as for previous models,l with an ad-
ditional trip wire placed at the aft shoulder in model 932, At low speeds
this wire seemed to decrease the resistance slightly.

Model data are shown in Tables 1 and 2, the line drawing of model 933
in Fig. 11, propeller data in Table 3, and propeller drawings as Figs. 12 and
15.






III. MODELS, EQUIPMENT, AND TEST PROCEDURES

A, MODELS

It is believed that a model size of 14 foot (LBP) has now been tentatively
established as a standard size at The University of Michigan. For conventional
ship forms this choice normally results in a propeller size sufficiently large
so that propeller scale effects are negligible. Blockage effects of models of
this size are not too large and can furthermore be properly accounted for.

Both models tested were of 14 foot length and made from wax of the same
composition as the wax used at DTMB.

B, EQUIPMENT

The only mejor change in equipment used for this test series is the new
towing carriage installed during the summer of 1961. This new carriage per-
mits a much better speed selection for the self-propulsion tests. The speed
variations are still larger than desirable, however, and it is therefore the
practice to take instantaneous simultaneous readings at moments when the car-
riage speed is fairly constant.

C. TEST PROCEDURES

Test procedures with the new carriage are the same as before. Details
of these are given in Ref. (1).

Open-water propeller tests were run with the l-horsepower dynamometer,
whereas for the self-propulsion tests the smaller l/8-horsepower dynamometer
was found to have sufficient capacity. Propeller number 5 was checked for
open-water characteristics with the l/8-horsepower dynemometer over a limited
range of advance coefficients,






IV. DISCUSSION OF RESULTS

A, MODEL 932

For this model full-scale predictions for a 60C-ft ship have been plotted
together with the DIMB data. Where only one line appears in the figures com-
plete agreement between the two data exists. The main reason for the dif-
ferences in rpm can be attributed to a discrepency in pitch ratio of propeller
number 4, In other respects the agreement between our results and DIME re-
sults is good. It should be pointed out here that blockage corrections were
made on the basis of a speed increment rather than a resistance increment as
done previously. This resulted in a very good correlation in Cpy which could
not be obtained if a resistance increase was used. It is therefore felt that
the method employed now is sound. Both approaches will lead to essentially
the same EHP. The blockage correction is described in more detail below.

B. MODEL 933

It is believed that the EHP tests of this model at the two drafts are
good. The self-propulsion tests gave a considerable amount of trouble, how-
ever, and unless an unusual flow conditicn exists at the propeller disk it is
difficult to believe the data obtained., To eliminate any possibilities of
errors in the interpretation of test results, the model was tested at three
different times. The propeller was also tested several times, twice with the
large dynamometer and once with the small one. As far as the propeller is
concerned, a good agreement exists between individual tests, and in regard
to self-propulsion tests relatively good agreement was reached, although the
scatter of test points was a little more than usual. On the basis of over-
all results, it is obvious that this model will require a great deal of more
detailed investigation; in particular, a study of flow conditions ir the
neighborhood of the propeller should be undertaken., Such a study will be
made as soon as additional instrumentation becomes available. Under the cir-
cumstances results presented on this vessel must therefore not be considered
as final,






V. BLOCKAGE EFFECT

Recently Dr. Hughes has published a paper on blockage effects in which
he proposes a slightly changed version of the method for accounting for these
effects.” From a theoretical consideration he proposes that the increase in
velocity due to potential flow around the ship should be given by
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N
T LA
_ Vv
Fpb = —
Vgh
with
¥ = volume displacement of model
L = length of model
A = cross sectional area of tank

V = model velocity

h = depth of tank.

To make Eq. (1) give velocity increments in agreement with experimental
results, Dr. Hughes proposed to multiply the right hand side of the equation
by an empirical constant K = 1.7. His results indicated a great deal of
scatter, and it was realized the K was probably a function of the speed-length
ratio. It was therefore decided that on the basis of the Michigan and DTMB
results obtained for the Series 60, Cg = .60, .75, and .80, the required value
of K for correlation of data should be plotted to determine if any empirical
functional relationship between K, Cg and V%fi could be found. Fortunately
the data seemed to reveal definite trends which are shown in Fig. 10. An
empirical equation derived from the data mentioned above has been formulated
so that the EHP calculations could be programmed for the digital electronic
computer,
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Fig. 3. Total resistance vs. model speed, PD 108-85-0. U of M 933, 1k-foot
model with rudder (corrected for blockage effects). Water temperature TL°F.
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Fig. 11. The line drawing of model 933.






# *oN asTTedoad W Jo N ‘Burmeap

08" 00K
09 SFIS

aoTredoag °zr *BTd

~TdNLA T1Tea

gorc
PR 568K
soz M\mlw
s \
vl -+ 1c99
g1 €92
“zgo’ 1 /co9
zc0' - * 1€9°9
. LY |
IR oned —— T

~.

~—

27



*G *oN xaTTedoad W Jo n

‘Surmeap aa1Tedoag

*CT °B1d

~3d¥oa -

| 'ON 9IC 33

e =NV DAVY

25F]

R

BT

28



€9'9 g/t 950 ddyp
28°0 VMD 286°0 dp
#9°0 dMp go96°0 Xy
TAYAdo] Mp ¢6s0  (IM1)E0
0s'9 "o z/1 89°0 VAdD O0TS°0 IMI/NI
8TL e (T)/V gg'0 dAdp S20°0 IMI/XI
6°ST TIVjYS G66L*0 AdD <S9n°0  IMI/¥I
{30 400°0 TMIP ‘€T H00°¢ /4 gs*0  Vdp IMI/d8T
SOILSIMALOVIVHD TAAOW
axIM dipay :9dousaTnaang
‘up gLG'g iuss| 3Jead
NOILIANOD ISHEL TAAOW
c-0T X °0 *** Jov SIM S2 fg0°T = INMA
OLLY L{6T :87sed UOTIOTII SIM <2 f66°0 = TN/A 298 /97 GL8°9 paadg TBTIL
g-0T X §°0 " 0V 098 /33 G2¢°9 paadg paudrsaq

3F bs oln‘eq 1J bs 658 62 TBIOL OLLY L#6T :sTS®E UOTIOTIL $2gL°0 - BIIY WUBL/XY
3F bs oSt 3F bs 91¢°0 Jappna
aJ Bs 020°zH 17 Bs ¢rG'62 oT8q ‘S°M 3 bs 0080$ 33 Bs GTL°GC  TBI0L
3F bs ogh 93 bs gT¢'0.  Isppna
‘Mg ‘8u0% 099°CT  dohl ‘AFBId “UT #89°9 38 AT S°HGS =V 33 bs 05¢€08 3F bs 66¢°5¢ areq *S°M

29

F e ‘Ut 2¢9°L  f9F 9¢9°0 9Je ‘M°S ‘suo} HHGQT  d.nl ‘3FBIA "UT QLS'Q ¥8 QT H'qll =V
37 QT ‘ut wel°s  f3F Lly°O PMT
W 12 ‘Ul #89°9 f3F LGS0 wesw H ‘ur g/I-TT -%F 92 *ut QLS8  f3F STL°O ussm H
W I8 ‘ut gll*Se 93 gHIe q ¥ 18 ‘ur gll°Se f3F gHI'e g
F ges ‘Ul 000°Q9T f3F 000°HT ad1 W ges ‘Ut 000°89T {3F 000°HI adg1
W 6¢S *uT HOG TLT ¢33 262°H1 NI W 6¢S ‘Ut {OS° TLT {33 262 HT IMT
‘utr 2 - W 89S ‘ut 0gL°08T f3J S90°ST yo1 "ut g ~3%F 89¢ *ut 0L 08T f3F S90°ST Vo1
drus HIL°LE = X T3POW dtys HIL®LE = X $T9POW
XsM TBTI9%6H 259N0 °*ON VMO QvMvW J3um0 dTus xeM TeTI938W 2G9N0 ON VMO QvuvW <euso dryus
0-6s-goT aa drus 0-6s-80T ad drus
(3ueweoeTdsTq UBTI) TH-¢¢6 °ON TSPOH (yuemooeTdsTq PopPBOT) TH-CC6 °ON TSDOH

VYIVA THAOW

T TIdVL



TABLE 2

MODEL DATA

Model No. 932 (Parent DTMB L421L4-Bh)
Ship Series 60 Cp = C.80
Ship Owner  MARAD ORA No. 0652
Model: A = 42,857
I0A
IWL 14,2345 ft; 170.76 in.
1BP 14,000 ft; 168.00 in.
B 2.154 ft; 25.85 in.
H mean 0.862 ft; 10.340 in.
fwd
aft

A =1,293.5 1b at 10.34 in. Draft, 73

W.S. Dbare
rudd
appe

Ay, IWL
By, IWL

er
ndage

Total

Ay/Tank Area

Designed S
Trial Spee

peed
d

45,571
.362

L5.933
1.857

0.9774%

sq ft
sq ft

sq ft

sq ft.

3,161 ft/sec
3,543 ft/sec

MODEL: TEST CONDITION

Draft

Turbulence:

Mean: 10.34 in.

Trip Wire

MODEL CHARACTERISTICS

LBP/INL
Lg/LBP
Ly/LBP
Lp/LBP
Cp

Cx

Cp

Cpr

0.290
0.300
0.410
0.80

0.99k
0.805
0.861

Cpa
Cpv
CpvF
Cpva
Cw
Cwr
Cwa
L/B

0.750
0.920
0.971
0.867
0.871
0.881
0.860
6.5

Material:

Ship

610.05 ft
600.00 ft

Wax

°F 46,774 tons, S.W.

83,701 sq ft
665 sq Tt

8L,366 sq ft

Friction Basis:

VA THL
VA THL

B/H

CiL
1/2 O!E

ACr:

b6

5563

AfL:
Temp:

2.5

0.776
43

ATTC 1947
0.k x 10°8

12.25 KTS
13.72 KIS

Fwd:

ICB, %LBP + 2.5 of

ICF, ,%LBP
1/vi§§ 5.092
s/v 6.028

Kg = RA/BE 0,118



TABLE 3

PROPELLER DATA

PROPELLER UM No. L UM No. 5
PARENT DTMB No. 3377 DTMB NO. 3566
DIAMETER (d), inches 7.230 6.658 (6.682) %
PITCH (p), inches 6.977 (6.650)* 7.250 (7.062) *
CHARACTERISTICS

PITCH-DIAMETER RATIO, P/D .965 (.920) * 1.090 (1.057)*
MEAN-WIDTH RATIO, MWR .213%

EFFECTIVE AREA-DISC AREA RATIO, EA/DA 450 514
BLADE THICKNESS FRACTION, BTF .0b5

RAKE, DEGREES ARC 6.00

NO. OF BLADES L N

*Indicates values corresponding to parent propellers.,
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