
908 -02754 4607

V393
R46

UNCLASSI F

A%342AD-

SDE: NSE DOCUMENTATI
FOR

'CIENTIFIC AND TECHNICAL

CAMERON STATION. ALEXANDRIA.

I

IED

91

ON CENT R

INFORMAIIO

VIRGINIA

*

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

I





-

tlC 

ts:

POWERING CHARACTERISTICS OBTAINED

WITH VERTICAL AXIS PRCPELLRS

FOR LUC(A) REPRESENTED BY MODEL 4952-1

by

Mary C. Dickerson

February 1964 Report 1753-3
S-F013 02 04-

L~1~~.~~-~IOU -~ IRID I~-lsD l~i IPPIC ---------- ---- ~Y~-UlrC--CU-- .~__~ --- W----- Y U I~ IICI B~U



ABSTRACT

Powering tests, including investigation of bollard pull
capabilities, were conducted on Model 4952-1, a modified
version of Model 4952. This model represented the Utility
Landing Craft, Assault LCU(A) FY 1963. The stern lines of
Model 4952 were altered by dropping the chine, making a
flatter bottom, and moving the propellers 2 inches in-
board.

The altered stern lines resulted in a 3 percent increase
in ehp at 8 knots and a.15 percent increase in shp at 8
knots. The alterations also greatly improved the bollard
pull astern capabilities.

INTRODUCTION

The Bureau of Ships requested the David Taylor Model Basin to

obtain data, by means of model tests, which would assist in evaluation of
1

a hull design for a Utility Landing (raft, Assault LCU(A) FY 1963. This

craft is to be propelled by two vert ical axis propellers with an installed

horsepower of 680. The model test program was conducted to determine

(1) resistance characteristics of th hull, (2) free-running-powering

characteristics, (3) bollard pull c aabilities, and (4) turning and

maneuvering qualities associated with the propeller arrangement. Model

4952 was constructed in accordance ith BuShips Plan No. LCU (A) 802-

1895763. The linear ratio of ship to model is 8.75. Resistance charac-

teristics of the hull are reported in Reference 2; powering characteristics,

both free running and bollard pull, in Reference 3. It was discovered that

the astern bollard pull was adversely affected by the propellers drawing *

air when the model was trimmed to the attitude for backing off a beach.

When the model was further trimmed by the stern until the chine was under

water, the bollard pull capabilities improved approximately 60 percent.

Therefore, it was recommended that the stern lines be altered to ensure

that the knuckle is immersed at this light draft condition. On the.basis

of this recommendation, the Bureau of Ships authorized that the model be

altered and that the effects of the alteration on bollard pull and powering

characteristics be determined. The results of this evaluation are presented

in this report with a comparison of the two models.

1References are listed on page 10.
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The tests required to evaluate the turning and maneuverin charac-

teristics of this LCU (A) have been held in abeyance pending a decision as

to the correct stern configuration. When this decision is made,f the tests

will be run and the data will be published in a supplementary report.

TEST PROCEDURE

Model 4952 was altered according to plans furnished by the Bureau

of Ships (BuShips proposed modification LCU 1625 afterbody lin ss Code 442,

dated 6/18/63), and the modified model was designated Model 4952-1. Figure

1 shows the type of change made in the section shape. It can be seen that

the stern lines were altered by dropping the chine and makingta flatter

bottom. These changes resulted in only minor changes in total displace-

ment. The propellers were moved 2 inches inboard.

Resistance and powering characteristics were cbtained for the hull
i

tpresented by Model 4952-1 at the 386-ton displacement trimmed 2.28 feet

Sthe stern. Outward rotating vertical axis propellers operating with
3r

the propeller pitch ratio equal to 0.82n were used for the propulsion

tests. Prior to conducting the powering test, the optimum steering or

thrust angle was established in the manner described in Reference 3.

The bollard pull tests were conducted at the conditions corre-

sponding to a 254-ton displacement trimmed 1.5 feet by the stern. Data

were obtained for bollard pull ahead and astern with a propeller pitch

ratio equal to 0.567n. For the astern condition, the propeller units were

rotated 180 degrees from the optimum steering angle.

The powering predictions given herein are for the ship operating in

smooth, deep salt water having a temperature of 59* F. A correlation

allowance (ACF) of 0.0014 was used in predicting the full-scale power from
IF

the model data and was applied in the effective horsepower and shaft

horsepower calculations. The test apparatus, experimental procedures, and

methods of reducing data are described in References 2 and 3.

"2
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TEST RESULTS AND DISCUSSION

POWERING TESTS

The results of the optimum steering angle tests are given in Figure

2.

These'data show that the optimum steering angle for the Model

4952-1 hull is 2 degrees inboard. (The angle obtained for the Model 4952

hull was 5 degrees inboard.) Thus the reduction in optimum steering angle

is associated with the flatter stern sections and the moving of the pro-

peller inboard.

Powering predictions are presented in Figare 3. A comparison of

power requirements for the original and the altered model is given in

Tables 1 and 2. The altered model, Model 4952-1, indicated a slight in-

crease, less than 3 percent at 8 knots, in ehp over the original model

and an increase in shp of 15 percent at 8 knots.

TABLE 1

Effective Horsepower

(AcF = 0.0014)

Ship Speed EHP EHP 4952-1
knots Model 4952 Model 4952-1 4952

(Disp = 385 tons) (Disp = 3C6 tons)

5.0 29. 29 1.00

6.0 52 52 1.00

7.0 90 91 1.01

8.0 152 156 1.03

9.0 240 246 1.03

10.0 381 393 1.03I. I;
II
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TABLE 2

Shaft Horsepower
= 0.0014; Pitch Ratio = 0.821)

It is difficult to establish the principal contributor to the in-

creased shp requirement in view of the multiple changes. However, some

evidence indicates that the deadrise bottom is more efficient than the flat

bottom. Table 3 gives results of experiments conducted at DTMB that

suggest this effect.

TABLE 3

Tests of LCU 1620 Class Conducted
at Ship Speed of 8 Knots

(ACF

Ship Speed SHP SHP 4952-1
knots Model 4952 Model 4952-1 4952

(Disp = 385 tons) (Disp = 386 tons)

5.0 63 68 1.08

6.0 117 124 1.06

7.0 202 .223 1.10

8.0 358 413 1.15

9.0 593 659 1.11

10.0 987 1040 1.05

I
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BOLLARD PUJLL TESTS

Bollard pull test results are presented in Figure 4. The

photographs in Figure 5 show a trace of air being drawn into the propeller

at 169 rpm; however, this amount is minute conpared with air drawing on

the original model.3 The data in Table 4 show that the alteration to the

model improved the bollard pull astern capabilities immensely.

TABLE 4

Bollard Pull Astern

Model 4952 Model 4952-1 4952-1

SHP Disp = 254 tons Disp = 254 tons 4952
1.4 ft Trim by 1.5 ft Trim by

Stern Stern

100 3340 3,870 1.16

200 5050 6,200 1.23

300 6230 8,180 1.31

400 7110 9,950 1.40

500 7770 11, 550 1.49

600 8310 13,050 1.57

680 8660 14,180 1.64

i;; )rr~5i.i4i~y',~-rarli~(y)~gm_ .Ll~uru -- ---r-------~ -~--- --- --
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Figure 1 - Comparison of LCU(A) Hul s Represented by

Models 4952 and 495Z-l

t 110

100 15

OUTBOARD .--- STEERING ANGLE IN DEGREES ---- > INBOARD

Figure 2 - Optimunm, Steering Angle

I ___ ______ ___________________

.~ ,~_ma~-Ll~rUIIIDUIU8~- L~YIBIIIllA1111 ~SMt')FIW9DU '~a~UIMI DII *UY- ~iL1I a~ MJC~PLEAIP CC~.L -I- r- -



AS 
/,H

HORSCPOWER & RPM CURVES Fl1icrOn cAL.ILATIONS :
P Poe WIN sllaa sm FOI

- W iO IWATIS MANAM TLLME

44L- One Ioo S , ests Oe
MODEL 4st-1

0 MENStONS STIMULATOR USED

SHIP PROPELLE Dun a n ....

* 
[p

. , - . 0 AT
+ s9a a n m m m I." ft

3500Wt .... ..

SITEST IT 140

oaveO TAYIIORI MlODEL SASIN WASHSTll t 7.
+I 20 _ T~ ms 3300

i oo so. FrI

80 . 1100 I

80 l
1o trm mIA WT

i, ,s soooTi o. 60 160
so IDFRW~iorSr ap o

ta EP .P ES R..
p m

TS 1 0 
1

ia1J .. P.T.T..

to loo

so .00

+ nontoo

*. , . , . .,++

4 0 
90

I 1H

.4 40 :# sw 
4009 0

SPEED IN KNOTS

ilgue 3w~~~~~ .j .- ....

_ _ _



ORSEPOERt & Rw CURVES WAYT &M KUM .8M
ea At P- AT AP

16 C 9 L (Q0 2. .... ...

GTC m uu 4sssm or

bc susS1IP PROPELLER

' Am 1 : r "ln. r _-_ .

MM --- L-5Fr

WlA - om m wN. -n . ~ U

TIEST2A Ams anmum
a ABU= as6a0

Dav TATE MKIML WasuMA 7, OL4L

Ulm 

rIO

1.60

-

000 10000 oo1000

BOLLARD PULL IN POUNDS.

Figure 4



I 
--

~
, 
i 

2
I' 
I

* 
if ft I~

.
~

.
6 gt

~ r $0

s's
 

a

s
a

 ns
"N

M
IM

M
M

M
I

,*
, t

V
~

-4
 

~ 
ts

t~
~

I 
I-

t 
b
JA

A

&
.A

b



REFERENCES

1. Bureau of Ships ltr SF-013 02 04 Ser 442-113 of 6 Jul 1962.

2. Dickerson, Mary C., "Resistance Characteristics for LCU(A)

Represented by Model 4952," David Taylor Model Basin Report 1753,

Feb 1964.

3. Dickerson, Mary C., "Propulsion Characteristics Obtained with

Vertical Axis Propellers for LCU(A) Represented by Model 4952," David

Taylor Model Basin Report 1753-2 (Feb 1964).

1

101

_ _ ___ __.



INITIAL DISTRIBUTION

Copies
9 CHBUSHIPS

1 Tech Lib (Code 210L)

1 Lab Mgt (Code 320)

4 Hull Design Branch (Code 440)

1 Preliminary Design Branch (Code 420)

1 Machinery Sci and Res Sec
(Code 436)

1 Pro, Shaft and Bear Br
(Code 644)

20 CDR, DDC

1'
2/

71

______________________________ ____________

:~e~Ld~t~r~Wf. -i')~bi~a~;MI~;-~~41 ~-~.~-ribv-.iarcu u~-~uus~ h;p~4~arul~rrra



D
av

id
 

T
ay

lo
r 

M
od

el
 

B
as

in
. 

R
ep

or
t 

17
53

-3
. 

D
av

id
 T

ay
lo

r 
M

od
el

 B
as

in
. 

R
ep

o
rt

 
17

53
-3

. 
1.

 
U

ti
li

ty
 
la

n
d

in
g

D
av

d 
T

yl
o 

M
oe

l 
a
sn

. 
e
p

o
t 

1
5

3
-.

. 
U

ti
li

ty
 

la
n

d
in

g 
P
O
W
E
I
N
G
 C

A
R

A
C

T
E

IS
T

IS
 

O
BT

AI
NE

D 
W

IT
H

 
m

~
rI

ca
 

cr
a
ft

 (
A

ss
au

lt
)-

PO
W

ER
IN

G 
CH

fA
RA

CT
ER

IS
TI

CS
 

O
BT

A
IN

ED
 W

IT
H

 V
ER

TI
CA

L 
c
ra

ft
 

(A
ss

au
lt

)-
 

A
X

IS
 

P
R

O
P

E
L

E
S

 
FO

R 
LC

U
(A

) 
RE

PR
ES

EN
TE

D
 

BY
 X

)D
EL

 
R

es
is

ta
n

ce
-M

od
el

Av
r

-
PR

O
PE

LL
ER

S 
FO

R 
LC

U
(A

) 
RE

PR
ES

EN
TE

D
 

BY
 M

O
D

E
L

 
ae

si
st

an
ce

--
M

od
el

 
45

52
-1

, 
by

 
ar

y 
C

. 
D

ic
k

er
so

n
. 

Fe
b 

19
64

. 
li

p
. 

il
u
s
o
,

4
a
2
-i

, 
by

 M
ar

y 
C

. 
D

ic
k

er
so

n
. 

Fe
b 

U
96

. l
ip

. 
il

lu
s.

, 
te

st
s 

gr
ap

hs
, 

re
fs

. 
UN
CL
AS
SI
FI
ED
 

2.
 

U
ti

li
ty

 
la

n
d
in

g
2
.
 

UU
ti
li
ty
 

l
a
n
d
d
i
g
g

g
ra

p
s,

 
r
e
fs

.*
 

U
N

C
LA

SS
IF

IE
D

 
2.

 
U

ti
li

ty
 

la
n

d
in

g

P
ow

er
in

g 
te

st
s,

 
in

cl
u

d
in

g
 i

n
v
e
st

ig
a
ti

o
n

 
o

f 
b

o
ll

ar
d

 
c
ra

ft
 

(A
ss

au
lt

).
--

 
P

ow
er

in
g 

te
st

s,
 

in
cl

u
d
in

g
 

in
v
e
st

ig
a
ti

o
n
 

o
f 

b
o
ll

ar
d
 

c
ra

ft
 

(A
ss

au
lt

)-
p
u
ll

 c
a
p

a
b

il
it

ie
s,

 
w

er
e 

co
nd

uc
te

d 
on

 M
od

el
 

49
52

-1
, 

a 
P

ro
pu

ls
io

n-
-M

od
el

p
u

ll
 
c
a
p
a
b
il

it
ie

s,
 

w
er

e 
co

nd
uc

te
d 

on
 M

od
el

 
49

52
-1

, 
a 

P
ro

p
u

ls
io

n
--

M
o

d
el

 
m

o
d

if
ie

d
 

v
er

si
o
n
 

o
f 

M
od

el
 

49
52

. 
T

hi
s 

m
od

el
 

re
p

ro
- 

te
s
ts

m
o
d
if

ie
d
 
v
er

si
o
n
 

o
f 

M
od

el
 

49
52

. 
T

hi
s 

m
od

el
 

re
p
re

- 
te

st
s 

se
nt

ed
 

th
e 

U
ti

li
ty

 
L

an
di

ng
 
C

ra
ft

, 
A

ss
au

lt
 

Y
 

3.
 

LC
II

(A
) 

F 
19

63
 

(U
.S

.
se

n
te

d
 

th
e 

U
ti

li
ty

 
L

an
di

ng
 

C
ra

ft
, 

A
ss

au
lt

 
LC

U
A

 
3.

 
LC

U(
A)

 
19

63
 

U
.. 

19
63

. 
Th

e 
st

e
rn

 
li

n
e
s 

o
f 

M
od

el
 

49
52

 
w

er
e 

a
lt

e
re

d
 

by
 

u
ti

li
ty

 l
a
n

d
in

19
63

. 
T

he
 

st
e
rn

 
li

n
e
s 

of
 M

od
el

 
49

52
 w

er
e 

a
lt

e
re

d
 

by
 

u
ti

li
ty

 
la

n
d
in

 
d 

c
ra

ft
, 

A
ss

au
lt

d
ro

p
p
in

g
 

th
e 

ch
in

e,
 

m
ak

in
g 

a 
fl

a
tt

e
r 

bo
tt

om
, 

an
d 

c
ra

ft
, 

A
ss

au
lt

 
m

ov
in

g 
th

e p
ri

le
r 

2a
in

ch
es

 
bo

od
. 

4.
 

S 
s-

uo
t 

e
m

ov
in

g 
th

e 
p

ro
p

el
le

rs
 

2 
in

ch
es

 
in

b
oa

rd
. 

4.
 

S
h

ip
 m

od
el

s-
-W

~e
l

m
ov

in
g 

th
e 

p
ro

p
e
ll

e
rs

 
2 

in
ch

es
 

in
b
o
ar

d
. 

4.
 

S
hi

p 
m

od
el

s-
-M

od
el

 
-1

T
he

 
a
lt

e
re

d
 

st
er

n
 l

in
e
s 

re
su

lt
e
d
 

in
 

a 
3 

p
er

ce
n
t 
in

- 
B

 4
95

2-
1 

ce
 

in
-

cr
ea

se
 

in
 

eh
p 

a
t 

8 
k

n
o

ts
 

an
d 

a 
15

 p
er

ce
n
t 

in
cr

ea
se

 
5.

 
P

ro
p

el
le

rs
-V

er
ti

ca
l

cr
ea

se
 

in
 

eh
p 

a
t 

8 
k
n
o
ts

 
an

d 
a 

15
 p

er
ce

n
t 

in
cr

ea
se

 
in

 
5.

 
P

ro
p

el
le

rs
-V

er
ti

ca
l-

 
h 

t8
ko

s 
h 

le
ai

n 
lo

ge
ty

i-
 

ai
sh

p 
a
t 

8 
k
n
o
ts

. 
T

he
 
a
lt

e
ra

ti
o
n
s 

al
so

 g
re

a
tl

y
 

i 
a
h
p
 

at
 

8 
k
n
o
ts

. 
T

he
 

a
lt

e
ra

ti
o
n
s 

a
lo

.g
re

a
tl

y
 
i
 

ax
is

p
ro

v
ed

 
th

e 
b

o
n

la
rd

 
p

u
ll

 a
st

e
r 

c
p
a
b
ii

ti
e
s
. 

I.
 

D
ic

ke
rs

on
, 

M
ar

y 
C
 

pr
ov

ed
 

th
e 

b
o

ll
ar

d
 
p
u
ll

 a
st

er
n
 

c
a
p

a
b

il
it

ie
s.

 
I.

 
D

ic
ke

rs
on

, 
M

ar
y 

C
11
. 

3-
40

13
 

02
 

04
 

11
. 

S-
F

O
13

 
02

 
04

D
av

id
 

T
ay

lo
r 

M
od

el
 

B
as

in
. 

R
ep

or
t 

17
53

-3
. 

D
av

id
 T

ay
lo

r 
M

od
el

 B
as

in
. 

R
ep

or
t 

17
53

-3
. 

R
PO

W
ER

IN
G 

CH
AR

AC
TE

RI
ST

IC
S 

O
BT

AI
NE

D 
W

IT
H 

TI
CA

L 
1.

 
U

ti
li

ty
 

la
n

d
in

g
 

PO
W

ER
IN

G 
CH

A
RA

CT
ER

IS
TI

CS
 

O
BT

AI
NE

D 
W

IT
H

 
V

ER
TI

CA
L 

1.
 

U
ti

li
ty

 
la

nd
.lt

g

A
X

IS
cr

af
t 

(A
ss

a
u

lt
)-

 
AX

IS
 

PR
O

PE
 

R
S 

F
O

R
 LR

EP
RE

SR
EP

RE
SE

qT
ED

 
B

Y
 M

O
D

E
L

 
R

es
is

ta
n
ce

-M
o
4
el

49
52

-1
, 

by
 

M
ar

y 
C

. 
D

cU
(A

) 
eb

 
1
6
 

M
O

DE
l 

R
es

is
ta

n
ce

-M
o

d
el

 
49

52
-1

, 
by

 M
ar

y 
C

. 
D

ic
ke

rs
on

. 
Fe

b 
19

64
. 

li
p

. 
il

lu
s
.,
 

te
st

s
.D

ic
k

er
so

n
. F

eb
 1

96
4.

 
li

p
. 

u
s.

, 
te

st
s 

gr
ap

hs
, 

re
fs

. 
U

N
C

LA
SS

IF
IE

D
 

2e
 

a
d

s
U

N
C

LA
SS

IF
IE

D
 

2.
 

U
ti

li
ty

 
la

n
d

in
g

gr
ah

s 
re

f.
 

U
C

L
A

S
IF

E
D

 
2.

 
U

ti
li

ty
 l

an
d

in
g

 
P

ow
er

in
g 

te
st

s,
 

in
cl

u
d

in
g 

in
v
es

ti
g
a
ti

o
n

 
of

 b
on

la
rd

 
cr

a
ft

 
(4

ss
a
u

lt
).

-
P

ow
er

in
g 

te
st

s,
 

in
cl

u
d

in
g

 i
n
v
e
st

ig
a
ti

o
n

 
o
f 

b
o

ll
ar

d
 

c
ra

ft
 

(A
ss

au
lt

)-
 

P
g

p
u
ll

 
c
a
p

a
b

il
it

ie
s,

 
w

er
e 

co
nd

uc
te

d 
on

 
M

od
el

 
49

52
-1

, 
a 

P
ro

p
u
ls

io
n
-4

o
4
el

p
u

ll
 
c
a
p
a
b
il

it
ie

s,
 

w
er

e 
co

nd
uc

te
d 

on
 

M
od

el
. 

49
52

-1
, 

a 
P

ro
p

u
ls

io
n

--
M

od
el

 
m

oi
ed

er
on

oM
de

49
.T

hs
oe

le
p 

-
ts

s
m

o
d

if
ie

d
 

v
er

si
o
n
 

o
f 

M
od

el
 

49
52

. 
T

hi
s 

m
od

el
 

re
p

re
- 

te
st

s
m

o
d
ii

ie
d
 

v
er

si
o
n
 

o
f 

no
de

l 
49

52
. 

T
hi

s 
m

od
el

 
re

F
re

- 
te

a
ts

 
se

n
te

d
 

th
e 

U
ti

li
ty

 
L

an
di

ng
 
C

ra
ft

, 
A

ss
au

lt
 

LC
U(

A)
 

IT
 

3.
 

LC
U

(A
) 

FY
 

19
63

 
(U

.S
.

se
n

te
d

 
th

e 
U

ti
li

ty
 

L
an

di
ng

 
C

ra
ft

, 
A

ss
au

lt
 

LC
U

(A
) 

FY
 

3.
 

LC
U(

A)
 
FY

 
19

63
 

(U
.S

. 
19

63
. 

Th
e 

st
er

n
 

li
n
e
s 

of
 M

od
el

 
49

52
 

w
er

e 
a
lt

e
re

d
 

by
 

u
ti

li
ty

 l
an

d
in

g
19

63
. 

T
he

 
st

er
n

 l
in

es
 

of
 

M
od

el
 4

95
2 

w
er

e 
a
lt

er
ed

 
by

 
u

ti
li

ty
 l

a
n

d
in

d
ro

p
p
in

g
 th

e 
he

ri
ne

sm
ak

in
ga

 
o 

fd
la

t9
2w

re
at

er
eb

ot
to

m
nd

 
b 

t,
 

lt
 

d
ro

p
p

in
g

 
th

e 
ch

in
e,

 
m

ak
in

g 
a 

fl
a
tt

e
r 

bo
tt

om
 

An
d 

c
ra

ft
, 

A
ss

au
lt

i
d

ro
p

p
in

g 
th

e 
ch

in
 e 

m
ak

in
g 

a 
fl

a
tt

e
r
 b

ot
to

m
, 

an
d 

ra
ft

, 
A

ss
au

lt
 

m
ov

in
g 

th
e 

p
ro

p
e
ll

e
rs

 
2 

in
ch

es
 

in
b
o
ar

d
. 

4.
 

S
h

ip
 m

od
el

s-
-M

od
el

sm
ov

in
g-

th
e 

p
ro

p
e
ll

e
rs

 
2 

in
ch

es
 

in
b

oa
rd

. 
4o
 

3h
ip

 
m

o
d

el
s-

o
d

el
 

T
he

 
a
lt

er
ed

 
st

er
m

 
li

n
es

 
re

su
lt

ed
 

in
 

a 
3 

p
er

ce
n

t 
in

- 
T
1
4
 4

95
2-

1
T

he
 

A
lt

er
ed

 
st

er
n

 l
in

es
 

re
su

lt
ed

 
in

 
a 

3 
p

er
ce

n
t 

in
. 

2?
 

49
52

-1
 

T
ho

le
e 

tr
 

ie
 

eu
td

 
na

3p
re

ti 
?
B

4
5

-
cr

ea
se

 
in

 
eh

p 
a
t 

8 
k
n
o
ts

 
an

d 
a 

15
 p

er
ce

n
t 

in
cr

ea
se

 
s.

 
P

ro
p
e
ll

e
rs

-V
e
rt

ic
a
l

cr
ea

se
 

in
 

eh
p 

a
t 

8 
k

n
ot

s 
an

d 
a 

15
 p

er
ce

n
t 

in
cr

ea
se

 
in

 
5.

 
'r

o
p

e
ll

e
rs

-V
e
rt

ic
a
l-

 
sh

p 
a
t 

8 
k
n
o
ts

. 
T

he
 a

lt
e
ra

ti
o

n
s 

al
so

 
g
re

a
tl

y
 

im
- 

a
x
is

sh
p 

a
t 

8 
k
n
o
ts

. 
T

he
 
a
lt

e
ra

ti
o
n
s 

al
so

 g
re

a
tl

y
 
i
-
 

s-
-i

PI
d 

io
 

d-
 

I.
 

D
ic

ke
rs

on
, 

M
ar

y 
C

I.
 ~

 
~

 
~

 
~

 
~

 
~

 
~

 
I
 
D
i
c
k
e
k
e
r
s
o
n
y
 

M
a
r
y
 

as
eC

cj
ib

l~
e.

-
p

ro
ve

d
 t

h
e 

b
o
ll

a
rd

 p
u

ll
 

a
st

er
n

 c
a
p

a
b

il
it

ie
s.

 
I.

 
] 

2i
ck

er
n 

M
ay

 
...

"
 

.0
.0

4
..
..
. 

-
4:

- 
1-

~ 3 
02

 0
4 

..
..
..
..
..
 

02
-0

4



J j

D
av

id
 
T

ay
lo

r 
M

od
el

 
B

as
in

. 
R

ep
or

t 
17

53
-3

. 
D

av
id

 
T

ay
lo

r 
M

od
el

 
B

ax
in

. 
R

ep
or

L
 

17
53

-3
. 

1.
 

U
ti

li
ty

 
la

n
d
in

g
av

ia
 

ro
e 

B
R

A
C

 
Is

T
iC

S 
R

eo
Bt

 
W

IT
H

3 V
T

IC
A

 
1.

 
U

ti
li

ty
 l

an
d
in

g
 

PO
W

ER
IN

G 
C

H
A

R
A

C
TE

riI
ST

IC
S 

O
BT

A
IN

ED
 

W
IT

H
 

V
ER

TI
CA

L 
c
ra

ft
 

(A
ss

au
lt

)-
PO

W
R

IN
G

 C
H

A
R

A
C

TE
R

IS
TI

C
S 

O
BT

AI
NE

D 
W

IT
H

 V
E

T
IC

A
L

 
c
ra

ft
 

(A
ss

au
lt

)-
 

A
X

IS
 

PR
O

PE
LL

ER
S 

FO
R 

LC
U

(A
) 

R
E

PR
E

SE
T

E
) 

BY
 M

O
D

E
L

A
X

IS
 P

R
O

Pa
L

E
R

S 
FO

R 
LC

U
(A

) 
RE

PR
ES

EN
TE

D
 

BY
 M

O
D

E
L

 
R

es
is

ta
n

ce
-M

o
d

el
 

49
52

-1
, 

by
 M

ar
y 
C
.
 D

ic
ke

rs
on

. 
Fe

b 
19

64
. 

11
p.

 
il

i,
,s

.,
 

R
es

is
ta

n
se

--
o

d
el

49
52

-1
, 

by
 M

ar
y 

C
. 

D
ic

ke
rs

on
. 

Fe
b 

19
64

. 
ll

p
. 

il
lu

s
.,

 
te

st
s 

g
ra

p
h

s,
 

re
fs

. 
U

N
C

LA
SS

IF
IE

D
 

te
st

s
gr

ap
h

s,
 

re
fs

. 
U

N
C

LA
SS

IF
IE

D
 

2.
 

U
ti

li
ty

 
la

n
in

g
 

2 
tl

t 
a

~
n

gw
er

ah
s r

e 
ts

 
U

N
C

ia
iF

E
 o 

2.
 

U
ti

li
ty

 
la

n
d

in
g

 
P

ow
er

in
g 

te
st

s,
 

in
cl

u
d
in

g
 

in
v
e
st

ig
a
tt

o
n
 

o
f 

b
o
ll

tr
d
 

c
ra

ft
 

(A
ss

au
lt

)-

P
ow

er
in

g 
te

st
s,

 
in

cl
u
d
in

g
 

in
v
e
st

ig
a
ti

o
n
 

o
f 

b
o

ll
ar

d
 

c
ra

ft
 

(A
ss

a
u

lt
)-

 
p

u
ll

 
c
a
p
a
b
il

it
ie

s,
 

w
er

e 
co

nd
uc

te
d 

on
 

M
od

el
 

49
52

-1
, 

a 
P

ro
p
u
ls

io
n
-M

o
d
el

p
u

ll
 
c
a
p
a
b
il

it
ie

s,
 

w
er

e 
co

nd
uc

te
d 

on
 

M
od

el
 

49
52

-1
, 

a 
P

ro
p
u
ls

io
n
-o

d
e
l 

er
re

-
m
o
d
i
f
i
e
d
 
ve

rs
io

n 
o
f
 M
od

el
 
49
52
. 

Th
is
 
mo
de
l 
r
e
.
e
 

te
st
s

m
o
d
if

ie
d
 

v
er

si
o

n
 

o
f 

M
od

el
 

49
52

. 
T

hi
s 

m
od

el
 r

ep
re

- 
te

st
s 

se
n
te

d
 

th
e 

U
ti

li
ty

 
L

an
di

ng
 
C

ra
ft

, 
A

ss
au

lt
 

LC
U(

A)
 
FY
 

3.
 

LC
U(

A)
 

FY
 

19
63

 
(U
.S
.

se
n
te

d
 

th
e 

U
ti

li
ty

 
L

an
di

ng
 
C

ra
ft

, 
A

ss
au

lt
 

LC
U(

A)
 
IY

 
3.

 
LC

U(
A)

 
FY

 
19

63
 

(U
.S

. 
19

63
. 

T
he

 s
te

rn
 
li

n
e
s 

o
f 

M
od

el
 

49
52

 w
er

e 
a
lt

e
re

d
 

by
 

u
ti

li
ty

 l
an

d
in

19
63

. 
T

he
 

st
er

n
 l

in
e
s 

o
f 

M
od

el
 

49
52

 w
er

e 
a
lt

e
re

d
 

by
 

u
ti

li
ty

 l
an

di
ni

 
d

ro
p

p
in

g
 

th
e 

ch
in

e,
 

m
ak

in
g 

a 
fl

a
tt

e
r 

bo
tt

om
, 

an
d 

c
ra

ft
, 

A
ss

au
lt

)
d
ro

p
p
in

g
 

th
e 

ch
in

e,
 

m
ak

in
g 

a 
fl

a
tt

e
r 

bo
tt

om
, 

an
d 

c
ra

ft
, 

A
ss

au
lt

) 
m

ov
in

g 
th

e 
p
ro

p
e
ll

e
rs

 
2 

in
ch
es
 
in
bo
ar
d,
 

4.
 

S
hi

p 
m

od
il

sv
iH

od
el

m
ov

in
g 

th
e 

p
ro

p
e
ll

e
rs

 
2 

in
ch

es
 

in
b
o
ar

d
. 

4.
 

S
hi

p 
m

od
el

s-
M

od
el

 
T

 
te

r 
n

T
he

 
a
lt

e
re

d
 
st

e
rn

 
li

n
e
s 

re
su

lt
e
d
 

in
 

a 
3 

p
er

ce
n
t 

in
- 

T
B

 4
95

2-
1 

T
cr

ea
se

 
in

 
eh

p 
a
t 

8 
k
n
o
ts

 
an

d 
a 

15
 p

er
ce

n
t 

in
cr

ea
se

 
in

 
5.

 
P

ro
p
e
ll

e
rs

-V
e
rt

ic
a
l.

 
cr

ea
se

 
in

 
eh

p 
a
t 

8 
k

n
o

ts
 

an
d 

A
 1

5 
p
er

ce
n
t 

in
cr

ea
se

 
in

 
5.

 
P

ro
p

e
ll

e
rs

-V
e
rt

ic
a
l-

sh
p 

a
t 

8 
k
n
o
ts

. 
T

he
 
a
lt

e
ra

ti
o

n
s 

al
so

 
g
re

a
tl

y
 
im
- 

ax
is

sh
p 

a
t 

8 
o
ts

. 
T

he
 

a
lt

er
a

ti
o

n
s 

al
so

 
g
re

a
tl

y
 i

- 
a
s 

pr
.I

. 
D

ic
ke

rs
on

, 
M

qr
y 

C
p
ro

v
ed

 
th

e 
b
o
ll

a
rd

 p
u
ll

 
a
st

e
rn

 
c
a
p

a
b
il

it
ie

s.
 

I.
 

D
ic

ke
rs

on
, 

M
ar

y 
C

 
pr

ov
ed

 
th

e 
b
o
ll

a
rd

 
p
u
ll

 
as

te
rn

 
c
a
p
a
b
il

ti
e
s.

0
II

I 
S

-F
-1

3 
02

 0
4

Da
vi

d 
T
a
y
l
o
r
 M

od
el

 
Ba

si
n.
 

Re
po
rt
 
1
7
5
3
-
3
.
 

1 
U

ti
li

ty
 

la
n

d
L

ig
D

av
id

 
T

ay
lo

r 
M

od
el

 
B

as
in

. 
R

ep
or

t 
1i

53
-3

. 
1.

 
U

ti
li

ty
 

la
n

d
in

g
 

PO
WE

RI
NG

 
CH

AR
AC

TE
RI

ST
IC
S 

O
BT

A
IN

ED
 

W
IT

H
 

V
ER

TI
CA

L 
1 

U
tl

t 
A

a
u

lt
.-

-
P

O
W

E
IN

G
C

H
A

R
C

T
E

IS
~

iC
S

 
B

T
A

IE
D

 
TT

H 
E

R
T

C
A

L
cr

af
t 

(A
ss

au
lt

)-
P

O
W

E
R

I 
CH

AR
AC

TE
RI

ST
IC

S 
O

BT
AI

NE
D 

W
IT

H 
E

R
T

IC
A

L
 

c
ra

ft
 

(A
ss

au
lt

)-
 

A
X

IS
 

PR
O

PE
LL

ER
S 

FO
R 

LC
U

(A
) 

RE
PR

ES
FX

TE
 

BY
 M

OD
EL

 
R

es
is

ta
nc

e-
-M

od
el

A
X

IS
 

PR
O

PE
LL

ER
S 

FO
R 

LC
U

(A
) 

R
EP

R
ES

FT
V

I)
 

B
Y

 M
O

D
E

L
 

R
es

is
ta

n
ce

-M
o

d
el

 
49

52
-1

, 
by

 M
ar

y 
C

. 
D

ic
ke

rs
on

. 
Fe

b 
19

64
. 

ll
p

. 
ll

u
s
.$

 
te

st
s

49
52

-1
, 

by
 M

ar
y 

C
. 

D
ic

ke
rs

on
. 

Fe
b 

19
64

. 
li

p
. 

il
u
s
.,

 
te
st
s 

gr
ap

hs
, 

re
fs

. 
U

N
C

LA
SS

IF
IE

D
 

.
2.

 
U

ti
li

ty
 l

an
d

in
g

gr
ap

hs
, 

re
fs

. 
U
N
C
L
A
S
I
F
I
E
D
 

2.
 
Ut

il
it

y 
la

nd
in

g 
P

ow
er

in
g 

te
st

s,
 

in
cl

u
d

in
g 

in
v
es

ti
g
a
ti

o
n

 
of

 
b

o
ll

a
rd

 
cr

a
ft

 
(A

ss
au

lt
)-

P
ow

er
in

g 
te

st
s,

 
in

cl
u

d
in

g 
in

v
es

ti
g
a

ti
o

n
 

of
 b

o
ll

a
rd

 
cr

a
ft

 
(A

ss
au

lt
)-

po
w

rc
pi

n 
te

s
, 

in
rc

lu
 

in
v
e
s 

on
 

of
 

bo
ll-

, 
ad

 
cr

af
(s

sa
ul

- 
p
u
ll

 
c
a
p
a
b
il

it
ie

s,
 

w
er

e 
co

nd
uc

te
d 

on
 M

od
el

 
49

52
-1

, 
a 

P
ro

p
u

ls
io

n
-o

4
e
l

p
u

ll
 

ca
p

a
b

il
it

ie
s,

 
w

er
e 

co
nd

uc
te

d 
on

 M
od

el
 

49
52

-1
, 

a 
P

ro
p

u
ls

io
n

.-
-o

d
el

 
mo

di
fi

ed
 
ve

rs
io

n 
of

 M
od

el
 
49
52
. 

Th
is
 
mo
de
l 

re
pr
o-
 

te
st
s

m
o
d
i
f
i
e
d
 
ve

rs
io

n 
o
f
 M
od

el
 
49
52
. 

Th
is

 
mo

de
l 

re
p
re

- 
te
st
s 

so
n

te
d

 
th

e 
U

ti
li

ty
 

L
an

di
ng

 
C

ra
ft

, 
A

ss
au

lt
 

LC
U(

A)
 
FY
 

3.
 

LC
U

(A
) 

FY
 

19
61

 
(U

.S
.

se
n

te
d

 
th

e 
U

ti
li

ty
 

L
an

di
ng

 C
ra

ft
, 

A
ss

au
lt

 
LC

U(
A)

 
FY

 
3.

 
LC

U
(A

) 
FY

 
19

63
 

(U
.S

. 
19

63
. 

T
he

 
st

e
rn

 
li

n
e
s 

of
 M

od
el

 
49

52
 

w
er

e 
a
lt

e
re

d
 

by
 

u
ti

li
ty

 l
an

d
in

g
19

63
. 

T
he

 
st

er
n

 l
in

es
 

of
 

M
od

el
 

49
52

 w
er

e 
a

lt
er

ed
 b

y 
u
ti

li
ty

 l
an

d/
ri

 
19

63
. 

T
he

 
st

er
n

 l
in

es
 

of
 M

od
el

 
49

52
 

w
er

e 
a
lt

er
ed

 b
y 

u
ti

li
ty

 l
an

d
in

 
d

ro
p

p
in

g 
th

e 
ch

in
e,

 
m

ak
in

g 
a 

fl
a
tt

e
r
 b

ot
to

m
, 

an
d 

cr
a
ft

, 
A

ss
au

lt
)

d
ro

p
p
in

g
 

th
e 

ch
in

e,
 

m
ak

in
g 

a 
fl

a
tt

e
r 

bo
tt

om
, 

an
d 

c
ra

ft
, 

A
ss

au
lt

 
d
o
p
in

g
 

th
e 

ch
in

a,
 
m

a
in

c
h

e
 

bo
rd

. 
4.

 
S
r
a
f
"
 A
d

s-
 

el
m

ov
in

g 
th

e 
p
ro

p
e
ll

e
rs

 
2 

in
ch

es
 

in
b
o
ar

d
. 

4.
 

Sh
ip

 
m

od
el

s-
-M

od
el

 
Th

e 
p

rp
e
le

rs
 

2
in

ch
es

 
in

 
a 

4.
eS

hi
n m

 
od

49
52

- 
o

T
he

 
a
lt

er
ed

 
t 

li
n
e
s 

re
su

lt
e
d
 

in
 

a 
3 

p
er

ce
n
t 

in
 

T
K

B
 49

52
-1

49
52

1
ci

ea
se

 
in

 
eh

p 
a
t 

8 
k
n
o
ts

 
an

d 
a 

15
 p

er
ce

p
t 

in
cr

ea
se

 
in

 
S.

 
P

ro
p

e
ll

e
rs

-V
e
rt

ic
a
l-

cr
ea

se
 

in
 

eh
p 

a
t 

8 
k

n
ot

s 
an

d 
a 

15
 p

er
ce

n
t 

in
cr

ea
se

 
in

 
5.

 
P

ro
p
e
l3

e
rs

-V
e
rt

ic
a
l.

 
sh

p 
at

 
8 

k
n

ot
s.

 
T

he
 

a
lt

er
a
ti

o
n

s 
al

so
 
g

re
a

tl
y

 
a-

 
ax

is
•

sh
p 

a
t 

8 
k
n
o
ts

. 
T

he
 
a
lt

e
ra

ti
o
n
s 

al
so

 
g
re

a
tl

y
 i

n-
 

ax
is

 
p 

t 
h

e 
al

te
rn

 
al

 
it

i 
n
-
 

a
x
is

p
ro

v
ed

 
th

e 
b
o
ll

a
rd

 p
u
ll

 
as

te
rn

 
c
a
p

a
b

il
it

ie
s.

 
I.

 
D

ic
ke

rs
on

, 
M

ar
y 

P
ro

ve
d 

th
e 

b
o
ll

a
rd

 
P

u
ll

 
st

e
rn

 
c
a
p

a
b

il
it

ie
s.

 
.

D
ic

k
er

so
n

, 
M

q
 

V
II

* 
S-

FO
13

 0
2 

04
 

11
, *

 3
4

1
3

 0
2 

0
4



md


