


DISTRIBUTION

Initial distribution of copies of this report:

Nos. 1 to 11, inclusive, to Bureau of Ships
Project Records, Code 362, five copies
for Code 362, and the remainder for Bureau
distribution as follows:
Preliminary DeSign, Code 420 ceceeccoscncsccsccoe R
Propeller Design, Code 654 ccceessacsoscssscssces 1
Model Basin Liaison, Code 4R2 coceccceccecsccccece 1
‘ResearCh D1V1Sj.on, Code 330 0000000060000 08000000E 1
Chief of Naval Research coccceesecccccsscccscscse 1



AGB 1 and 2
IMB Model 3705

PREDICTIONS OF PERFORMANCES
WITH AND WITHOUT ICE GUARDS

Part 1: Propulsion

By
R. E. Fisher

Agency Requesting Model Tests: Bureau of Ships (Code 420)
Vessels: Twin Screw Coast Guard Cutters (Ice Breakers).
Propeller Design Speed (without Guards): 16 knots.
Plans: Propellers: U.8.C.G. Plan 96-99CR44001A
Original Lines: U.S.C.G. Plan 96-98CR0101-2
Ice Guards: BuShips Plan P.D. 1593.
Authorizgtion: BuShips ltr 812-5(420) of 3 Jan 50 to TMB.
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CALCULATIONS

In order to compare with existing tests, Geber'!s Frictional
Coefficients with a G-factor of 0.108 were used in all calcula-
tions for EHP and for the frictional differences required for
the propulsion tests. Similarly a density ratio SW/FW = 1.024
and a salt-water temperature of 50° F were assumed for the -

Eredictions. The calculations followed the method described in
Lo 8N4 ®



COMMENTS

The ice guards increase the total EHP for the full speed
range as-is evidenced in the following tabulation for séveral
ship speeds:

ErN

COMPARISON OF ¥HP WITH AND WITHOUT ICE GUARDS
HP
Ship £
Speed With |Without Péreent Ipcrease
Knots Guards (Guards With Tce Guards
8 650 490 33
10 1380 970 4R
12 2520 1800 40
14 4260 3210 33
16 9030 6460 40

A similar comparison of SHP and RPM compiled from datd
in Plates 4 and 5 follows:

COMPARISON OF RPM AND SHP WITH AND WITHOUT ICE GUARDS
Ship REM SHP
Speed with Without With Without | Percent Increase
Knots Guards | Guards Guards | &Guards | With Ice Guards
8 61,2 57,1 1630. - 680 51
10 22.7 71.3 2180 1575 38
12 .2 86.1 000 2870 39
14 1081 102.3 710 5090 32
16 133.8 126.1 14200 10600 _ 34

The above ignteases in power with ice guards are a con-
siderable p@#rt of the totals. IF such increases warrant a
redesign gf the guards then the fbllowing analysis of .the in-
cregases of BHP 4ppears to be of importance:



ANALYSIS OF INCREASE IN EHP WITH IC¥ GUARDS
Increases in EHP

8hip Speed -Besd

in Khots Total |Frictional | Residuary Total
8 160 30 130 0.81
10 410 50 360 0.88
12 720 75 645 0.90
14 1050 115 935 0.89
16 2570 180 2390 0,93

Since the last column above indicates that more than 80
percent of the increase in power with ice guards is required
to overcome residuary rather than frictional resistance, it
is suggested that a study be made of the streamline flow prior
to a possible revision of design. Also, if the guards were
extended farther aft than that shown in Plate 9 to better
protect the propellers, the increase in wetted surface would
be relatively insignificant.

Thrust oscillations with amplitudes up to 20 percent of
the thrust readings were observed during the propulsion tests.,
These oscillations suggest that the shape of the ice guards as
shown in Plate 8 may cause variation in the pressure and veloc-
ity of the water entering the propellers as the ship pitches.
If the guards were made of faired struts, the apertures between
them should tend to relieve pressure variations and thus partially
eliminate such oscillations..

The results with ice guards in Plates 5 and 6 were also
analyzed at 15 and 16 knots ship speeds to determine whether or
not propéller cavitation would cause an increase in power require-
ments. The analysis indicates that no such.increase is anticipated
at 15 knots; but that such an increase may be required at 16
knots. Consequently if the ship has enough power to make 16
knots with only the stern screws tyrning, then esvitation may
cause the SHP prediction in Plate 5 *< be low,

While the possible inceptivn of power absorbing cavitation
near 16 knots may not be particulnrly detddmental when the ice
breaker is operating under the conditions &f Test 15, neverthe-
less there will Be other operdti®g conditions during which the
stern propellers will turn at higher slip ratios. Such an in-
crease in slip ratio could readily make cavitation a vital factor
in speed or erosion and rqquire a revision of the design of the -

stern propellers for pptimum operation with the subject ite guavrds.

All data concerning maneuvering will be covered in Paft
2 of this report.
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Ice Guard Body Plan
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PLATE 2
Drawing of Model Propellers 2260 & 226l
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PLATE 3

SPEED IN KNOTS

Q o o o o fol
S S ° S o o o o o o o o 14 o ? o
Pl = o 4 [+)) [+2] [d © 0 < " N - o n h w m —
T
@©
Q
of
©H® 1Y
H & o
Zafl HH
H EWUT ~
NMwll -
Hz &k
& O GF
H5“h
: Solle ©
i A
WwH REm
« DBm H
- i VT
— =0OHIn ¢ 1 [Te)
0 Hia [0 : et 0
i 2ol ,
g Ll Nl e 20 AN . 1
1 1 —.-Sh%H Mu ” 1 HrrH
H 3 T -
B gy 1 Y R A H 1 H m_ ~
HH HH H H a
, H ko H - H
FHHA > N PR
H ] Wi F : H HE EeSaRtssios
-t I.T T i w (S \Hv L] — + ;“ T
TR HHE S bR o B e - THT
HHHHH HHHH A HH HHHH HHHHH H+H H-HH
TH R T EEin i ; :
HHHH Lrerr THH N H i _ } '
== Rapk T T HEHH HAH T | (yw HH R Efy - s
T et | Ll |8 =
4 . N - T pESpw. L
S HHEH i ;‘;Lfﬁvﬁ .3 il
Hitt BRI il Ly ]
HiERL T e H et ) i k“ruu_ﬁ I IH.mAv Ho
2ol MW S Amh.rmu SEEERs JL,Dv\ k IRENE: SEees %EG -
. o L © -] {H | RESN puEn
PR 1 I e el 8 & 8 £ HE o T ow H
w o olz o Y@k & I E Y
© )y < T = EH T Zzd =
o W (oo ] HHW 5
a ? S [2-l38 == w8 5 H H e o 8 s
w o . || o o SSL_W 3 H anuuy T } I HWHﬁH ™ T
> 9w z ol oo © 2 5o H HE R HHdzs
S o5 8l gl 208 § ]
a| |o i L T o
oG8 o[RS W IS 8 [z 2% © HH
o CB 8RR eS8 9 |E 5,
W Sw. 3l Szlole| [m g : SEgaat i
2 028 0z |5 SalEe 1) i s
.Alm F4 H mP39 = of N~
€ obhd |aglel | | B2 | i i
bseBoc. B8 | K SEE | L
e“ Ssad ge w0 ||l (7] lel |3 i i
O 5883892 |5 < |ojd] |F x 9 HHw© adaads: i
I &= ” = ﬁ cuw. tr ] ] H amanaRuzsi &
~ 0 JIRE H
Y o |35 e e 12 Gy H 531 5 i
2 = = i P
3 o e = S
£ 31 &ffa ol 2 §° 0 i 5
w2 3 jatl¢lo o & w o FH SRR
[ w9 b
e 2 2 =295 WNJ&D = g H
w > z (=3 JolweEl | =™
9 |wo =Tz xlg S @ < <
== o ~
£ Jawld| | o 4 i
=1 - Jfo|© o\
0 1ole| UO-L“ ﬂ. M H
HE Ja | £ 3




SCALE FOR PERCENTAGES.

PLATE 4
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SCALES FOR PERCEN TAGES
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