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Introduction

Under authorization of L. R. Glosten & Associates, Inc.
resistance and directional stability tests were conducted on
a 1:40 scale model of a 400' x 100' x 25' general deck cargo
barge. The model was constructed in accordance with L. R.
‘Glosten drawing no. 7434-1. A small sketch of these lines
is provided in figure 1. Ship principal dimensions are listed
in téble 1. Test conditions are listed for both ship and model

in tablé 2.

Table 1 -
Principal Characteristics

Length overall 400'-0"
Length on load waterline 392'-0"
Beam lo00'-0"
Depih 25'-0"
Draft . A 20'-0"
Displacement 18284 LTSW
Cg .816
Wetted surface 49050

w/appendages 50740

Turbulence stimulation was provided in the form of a
.036 inch diameter girth wire located .075 LBP aft of the
forward perpendicular. Model data was expanded to full scale
‘using the ATTC friction line with a correlation allowance Cp

of 0.0004.

Model tests

Bare hull resistance was first measured in still water
at the full load draft corresponding to 20'-0" full scale.

Tests covered a full scale speed range of 5 to 13 knots.



il B = N

p

§ i

A flow line test performed in the usual manner was con-
ducted for the purpose of final skeg orientation. The actual
flow direction indicated an angle of 6 1/2° with respect to
the centerline and is illustrated on figure 2 at the point
where the flow tab was placed.

Skegs were constructed in accordance with the lines plan,
except that the trailing edge was made movable so that opti-
mum skeg-flap angle could be determined for stability char-
acteristics. The leading edge was placed so that it had one
degree in excess of the flow line to provide a positive angle
of attack. A sketch indicating skeg dimensions and alignment
is provided in figure 2.

Stabilization tests were performed at a speed-length ratio
of .45 (9 knots full scale) on a hawser corresponding to about
1000 feet in length. The skeg-flap angle providing substantial
directional control was observed as 20°.

Resistance measurements were taken at three drafts (even
keel) for the stable condition. These correspond to 20'-0",
1l6'-0" and 9'-0". Results are presented as curves of full
scale resistance and effective power versus speed in knots in
figure 4 and 5 respectively. Computer output expanding model
data to full scale predictions for each condition is found in
the appendix.

Because the stabilized resistance was somewhat excessive
in view of the bare hull test results. The skegs were reori-

ented to give them 4 degrees of additional attack angle and
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the barge was stabilized again. This stable 2 condition had
a skeg-flap angle of 13° for the same degree of stability.
This orientation is illustrated in figure 3. Only the full
load condition was tested and resulted in a reduction in
resistance of about 8 percent.

When compared to barges of similar dimensions tested
previously at The University of Michigan the bare hull
resiétance was somewhat lower than its predecessors. It also
was felt that the degree of directional stability was a
bit greater than some others tested. These two facts would

tend to increase the percentage of resistance augment.



Table 2

Ship and Model Test Conditions

Sponsor: L. R. Glosten & Associates, Inc.

Model No.: 1331
Ship Type: 400' x 100'

Linear Scale Ratio: A =

Full Load Condition

LOA (ft)
LWL (ft)
B (ft)
T (£t)
Cg
Displacement

Wetted Surface (ft2)

w/appendages

Medium Ballast Condition

x 25!

LOA (ft)
LWL (ft)
B (ft)

T (ft)
Cs

Displacement

Wetted Surface w/appendages

Deck Cargo Barge

Ship

-400.0
392.0
100.0

20.0
.816
18290. LTSW
49025.

50740.

400.0
384.25
100.0
16.0
.804
14130. LTSW

45920.

Model

10.0

2.5

.5

622.8 1lbs.@70°F
30.64
31.71

10.0
9.61
2.5

.4

481.2 1bs.@70°F

28.70
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Table 2

(Continued)

Ship and Model Test Conditions

Ship Model

Light Ballast Condition
LOA (ft) 400.0 10.0
LWL (ft) 353.0 8.83
B (ft) 100.0 2.5
T (ft) 9.0 .225
Cy .795
Displacement 7220. LTSW 245.9 1bs.R70°F
Wettgd'Surfacq w/appendages (ft2)37712. 23.57
Turbulence Stimulation: .036" trip wire located .075 LBP

aft of the forward perpendicular
Friction line: 1947 ATTC friction coefficient

Cp = 0.0004

Drawing Reference: L. R. Glosten & Associates, Inc.

Drawing No.

7434-1
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Symbols & Abbreviations

Beam

Displaced Volume
LxBxT

Model frictional resistance coefficient

Block coefficient =

Ship frictional resistance coefficient
Model residuary resistance coefficient
Ship residuary resistance coefficient
Model total resistance coefficient
Ship total resistance coefficient

Displacement (long tons - salt water)
Vg X Rpg
326
Froude number = V, * 1.6889//g*LWL (dimensionless)

Effective horsepower =

K

' Design waterline (ft)

v - kinematic viscosity

p — mass ‘density

Model Reynolds number (dimensionless)
Ship Reynolds number

Model total resistance (lbs)

'Ship total resistance

Speed-length ratio (VK//fﬁf-)
Draft (ft)

Vertical center of gravity (ft)
Ship speed (knots)

Model speed (ft/sec)

Wake speed (ft/sec)
Yu Vi

Vi

Tavlor wake fraction w =

11



FMODEL MO, i
COMDITION: B
i
FRICTION LIME
CORE. ALLOM.

e
-
;

DRI N BN

[N "{:. .:s:l T

Lk

0~
i
=
e
e
-
i u
flod)
Het
P}
e
D
.." a
1,
4o
Ll
54
L in
oD
Lbaw

L. R. Glosten & Assoc.
Model 1331
Full Load t=20'-0"
Bare Hull
FOHYIRODYHAMICS LAROREATOREY
e TMEMT OF MAUAL RRCHITECTURE
AT MARITHE EMGIMEERIMG

HMTUERZITY OF MICHIGAN

A AREDE: MICHIGHM

EHTRAPOLATION OF MODEL TEST DATA

~EHIF DATH

k]
e

(R

OEAFT AFY

[, BO0AE BLOCKE COEF.

1o 1T

a1 HL 1Y P LTzH 1223,
FE HULL BEAM ]5 HMET'D SURF SOEDE
S8, BaE IEAFT FHD b B TEMF T 0
T 5, CI e

45 1E

8 T T
i""

o~
ol
®
o
it
e
vt
—
)
Py
STLELNIA

©

o8 = e EIElE " T o A f
i CFosingng CTS=Ei080 EHF
-~ 3 =ty = Y BT e e
o 1. e Tl .
e 3 -t -~ Bt Tl oed BTl
o oy Gacd RIS .
= : 3 R} : T d
P i Loa it P . H el S
R = it i T4 =
B O IR I e AT T,
=T ;= R o e I sAT
Shoy L iTER Lad Wre ALY O e
J
S T 1.i S H5,
. e & - - K Lo e F R W
R Ee 3| 1.8 R POlE,
o e a - a4 —ra
DAy i i ] yia,
= [ 4 -~ - K Sy Ty
P i IR I o iEE,
e P - e —
LR o M i et el = T
- . P i
o 1 X 1 s S

EHF SLE FROUDE MO, FReE

]
-]
o
R R
K]
T

KRN
i

P 8,255 I 5 B, FEs
SE, 8,282 £ 898 5 Sk
221, B, 248 g, 181 5 i.113
D, 0,37 LS B 5 1.3589
TET Eosile B 124 i 1.5615
i8Es, B, 454 0, 125 5 1.991
131E, 5 A 0. 145 il CeSET
iviag, B 528 @, 15e i oL e
c1ss, B, SET B, 155 1 EE S|
ZTEE. 285 &, 126 i .11
2deD, Bl 52 .12l = G, BT

12



TR

ARTHENT OF

ARSI

EETREAPOLATION

ML IHE
FLLON.

kx|

i3y

CioaT

j X

ARG

RN

e fods fomle ot e Juele e

s
) aeT]
b o =
i P
= T
bt P Tt
- TerT
[} oo |
- 4 L)
1. SR i L.

-
ex

8,285
[ B b
P e
b, DR
] T
L aTE

[

o,
[, 45
e

1!

AR
u

AN EN]

-

't

P

(A
“

3

o

: FT FII
DRAFT AFT
Ok

FIAM TS
HARLAL

i
by

F FUODEL

COEF .

MEEEEI

i

)R L a

FEOLUTE

PR

T
a

r-
-
a o

&

AR
-

KA

n

M.

A

3 R I I S R N

o

O e T
ExJU S, A

[N )

]
1

A

oo
L

1T I-_l:l o 0 b

e feeede Joeds fesde foudde Joondi fote §

00

pmate {71

frae fooasts

.,

13

i

AR IHE EMGIHEERTIHG
aF MICHTIGAH
AR ARDOR. FIICHIGAM

B

RN

Vo T T e et e e

L. R. Glosten & Assoc.
Model 1331

Full Load t=20'-0"
Stable condition P/S=20°

a0l

AR

- T T

[

1o e
u

[ L Y |
0D
A

e 1‘_._:1 O N

-0

=3

"

pin o

1

= T
(AN

n
Toufi Tl
-t |1
L

=
Bt

]
P
—
ord

G

o 00 0 T T deste ot ot ™,

[N A |
Ta

0

AN}
" 100

et 1500

-



COMDITION:
LHMEDH

FRICTION LIME
CCORER. ALLDH.

0T

1 T

bR

foroe foaole fuaebe o

NN B

SN N ]

[ T WA A
A T

STOF OR GO

LA

L i,

,..
i

.

-

)

o

T e

a

1o

R
ToEED
- K3
e 3
A 1
I =l
o el
O I i
& e
e
= TR
e EhE
= -
;
S

a

Lo
LT e [
T

s’
[}

o

T T e
1

b AR
]

- -

D

e
KU

—
!

=
FHF

H
=

!
HI

i
il
I

i 1

CFE#1

1
3

e oele fronike

frote Jomts fomb ke foomte funds fosecde oo

i)

LRI B B A I R I R I B R e

-
[

ORDIHARICE

ERSITY

AEROR: PMIC

SHIF DATA

LEL

BERAM
TIRAFT
TRAFT

-
)

BLOCE

o u " a u u a a 8
T 0 T T

= & a

FID
FFT
COEF .

L.R. Glosten & Assoc.

Model 1331
Full Load

Stable Condition P/sS=13°

LARDRATORY

HIGHH

X
AR
g

e
i
u

A
1T

N
Y

XREVEEN

.,..
.

u
DU

lss]
sEs
s
7o £, 570
TEE, &L SES
a5 &, SRS
e e [
e R St

R}

i,
i,

- [:t_‘l (X
Ln

ol S

FREOIDE

i

A
SR Y A

5

s U S

15

1o 1T

TTE O
SRR R R R

0

(AR

AR

o« Blpis
. 133
Sole

TeTe
Pl vty 4

M.
oy

[ R O I S e BT R R

it

u

“

u
AR

o
%)

"
e e R T Sl SR SR o I |

[Xx]

LR A o s N A1 (O S O N o

14

—
(RN

N
Do
DR s A e

(R

)
.

I

(SN

EMT OF HAVAL ARCHITECTURE
I MARIME EMGIHEERIMG
5 QF MICHIGAH

AFDLATION OF MODEL TEST TRTH

e S
"

u

VT ke T f]". ot oD wD
]

o

=

2513
SE'E;E a
oy,
(et~
Coy b,
G453,

D

Je il

b

a © o 1] o a a a
Ny

[ SRR O S O e ol A I A I

0 0 e T T =) ] 0] ke 00T

I
=
)
=
&
7
i
>
]
|
5
i

&
...:.{
=l
-
!
[y}
TR
]
[

i

T T

(R
U] e o

-~
R

ik

LK

LN
u

AR

) e
R
ol
L]

[ N AN
{

Jo

m
—
=
Lokt
D]

o
(MR

T
L) e T 0 w0

" ::EI o

L]
S

b e g T e T e o T Jfw T T

—
L

()

(A
U0

R B B S S SO o
o

IR
=]
Lo

[
B

A

ae

ot SN i

Jaowf

LS

Ry
(O]

PR
SR

n i

1

Ty T
AU RN
L E

3

—
By



L. R. Glosten & Assoc.
Model 1331

Medium Ballast t=16"'-0"
Stable Condition P/S=20°

T

SHIF MY YHAMTCS LARORATORY
DEFARTHENT OF MAUAL ARCHITECTURE
ANTI MARIHE EMGIMEERIHG
UHIVERSITY 0OF MICHIGAN
AP AREOR, MICHIGAN

EXTRAPOLATION OF MODEL TEST TATH

nIizF LTS
HET* TN SURF

TR

MODEL MO,
COMDITION:
LRFBDH .
FEICTION LIME
CORE. ALLDH.

BERM
Iii""-:H T F”B - HE il M i
ORAFT AFT G EHO
BLOCE COEF. I Pl

T e
DIL R e S

A NN A

Jounehe

o e

sl oF CTS=1000
= 5 ! 2,117
i 5 i o, Elini
] ‘i i I N =
L EEa i G iiz i
G, 138 H iva =
4, 55 i 243 12323,
&, F40 i Zia 1554,
5.2EA H A8 A,
5. TEn i 121 oEal,
i BEE 1 & Zidm,
. S i i oEdR,

LE FROUDE HO.

R
Vo el Q0 2 N e 70

g

(RN BN
4
L}

&, £, 858 i, 3 e
i, g, 3 2 T
5 S P 1, S0 s

i I

N

1 foe fode fomde ke (] (T
W] T e [0

|"x
T
KRR B SN B I N WK e Sy e
a
O I AR N RN O ]

i
1
“ 5 . .

=3 5 g1 . -

- o &, G i . sl
TE, ZH, £, B, i . S Yo
11, omaE, i, A, 1 =, Lo1E
i, 2148 i, B, 1 = B Bd]
iz, oo tty ST Z. o, RE5

15



T e

Pl

SHIF HYDREODYTHAM

AMD MARIME EMGIMEERIMG
i

ARF ARROR: AICHIGAM

ERTRAPOLATION OF MODEL TEST

ZHIF DATH

o

L
BEAM 100
AE . DEAFT FLED
TC DERFT AFT
A BLOCE COEF.

n u

AR
ot
'vada’

i,

A R K]
u

DR A

T

1

10T

S o FIEE
E a3 SRS
= 20 2. 22E
] e d 1 T i
D ¥ o o}

"

s T a0
a

Y T

i l:l AR

T s 00000 L0 e e L 10

] o

- 2

S N 0

e - —

P e E;!_:; ¥

s - -
= ki G Y
= - e
- i PR N e |
. = ==}

[Xa]

FROUDE

—
i

JR 1,

= - o e T T

T f,279 H, 055

=5 g.31% a. 935

. £, 259 B.1a8a7

= - o

e b Hoiid

= £ Hd, 1321

o o473 5 B

B H.51i8 #1534

ERS H,.555 £, =
e - - =
il L] d . ]
it, A, g 0,1
i, =, I &

16

JHUERZITY OF MICHIGAH

LARORATORY
DEFARTHENT OF HAUAL ARCHITECTURE

T
(AR RN

[

el 0l TI bt oot et

oo
et

I.. R. Glosten & Assoc.
Model 1331

Light Ballast t=9'-0"
Stable Condition P/S=20°

tede T
u

™ 1
.‘..l
o,
i
—
sl
5
[N

IR I
L

R ) T

I

B e
YR I RN
b=
-’

o
=T
W
frobe
u
e

ML= EEED = T P

1 T
B

i=

ARSI

ST

[ o e S

DT

S Ta
A

1.

S e
1
o

o
!

n
D

i
N

LI} b 00 b (]
L]

° o o "
u u [ u

B
a <t
hrd
a f
.1

-
s 1
)
B !

U I I A I | I V)

y

= B
P}

=
bk

a0
Do S d

M=

s k

LYY gm0 bt TU0 0D 50 VL WL W




IVERSITY OF MICHI

15 08735 88

“( : ;JN
1 MR
« 390

i
'
i
~ e
- N ,
N
. N

4

i
5 :





