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point on the bottom of the hull at Frame 143, the axial location of a proposed
acoustic receiver array, the results show that the closest approach of the
streamline to the actual free surface monotonically increases with increasing
speed. Thus, the 0:-speed case represents the most conservative estimate.

The results also show that streamlines located 7.5 feet (2.3 m) outboard of
the vertical plane of symmetry, the outreach of the proposed receiver array,
approach no closer than 11 feet (3.4 m) to the free surface in the bow region
for the 0-, 5~, and 10-knot cases. f\




i R e o RS $ S AT

|
|
i
|
3 TABLE OF CONTENTS !
2 : Page i
‘_ ¥ ABSTRACT.......Il....l...l"’...Oll......'..l.l...’....O'..l... l :
f ADMINISTRATIVE INFORMATION. . ... ssseesennsonnnonnsseenenaosannns 1 ‘
| TRNOTHEREON. .. s e v i s dis s ea nns @ |
o
3 PRESmTATION OF RESULTS..O'.ll......l‘..l..l..l..l.......'...0. h
b |
1 DISCUSHIOR OF BRBULTE. . iavivsissasnnvsvissanirensnsnrsannsronnes B
4
i CONCLUSIONO.-ouoou--...a.cnco--n--ooo.oooooooonno.ouuo.oo-ooooo 8
. Acmomm..'...‘.l....'.....0.‘.l.l.....‘..l..."...l'..l. 8
1
LIST OF FIGURES
3 1 - Side, Bottom, and Front Views of Ship LineS........ceceueee 9
E. 2 - Side, Bottom, and Front Views of Streamlines and Ship
, . Bulines (V = 0, Double Model)..ccvivenssovsnsaonssnsssooses 10
E 3 - Side and Bottom Views of Forward Half of Streamlines and
Ship N-Lines (V = 0, Double Model)...cooeescsesscsnescsaass 11
£ 4 - Side and Bottom Views of Rear Half of Streamlines and Ship 4
: N=idpes (V = U, Double MO8 civoussvvisssvnsvsnosssssncs 12 '
5 - Side, Bottom, and Front Views of Streamlines and Ship
; N-Lines (V = 5 Knots, o BB S e s vrbsribasnsnsvEnssenn LY
6 - Side and Bottom Views of Forward Half of Streamlines and
Ship N-Lines (V = 5 Knots, F_ = De062)csvssevsvsniissscaane 1N
T - Side and Bottom Views of Rear Half of Streamlines and Ship
N-Lines (v = 5 Krlots, Fn = 00062)..0...uo..oo-..-ooooo...lc 15
8 - Side, Bottom, and Front Views of Streamlines and Ship .
N-Lines (v = 10 KnOtS, Fn - 0-12"‘)..o-oooo-.oooo.ooouo.--oo 16 i
9 - Side and Bottom Views of Forward Half of Streamlines and !
. Ship N-Lines (V = 10 Knots, Fn % QlBU Jevevvesssnvsnnsvesvn LT i
H
10 - Side and Bottom Views of Rear Half of Streamlines and Ship ’
" N-Lines (V = 10 Knots, Fn 8 0u1Bh)ecevvresssvssnsssnsnosses 1B
iii




1
|
!?
|
1
i
|
!
i

B Sl R A R e B S R

LIST OF TABLES
Page
1 - Closest Approach of Streamlines (in ft) to Actual
Free Surface in Bow Region...cceceesecscecccsesereccccscsces 19

2 - Shape of Bow Wave, .. ....ocevveecoccans e e et A A R 20

3 - Locations of Streamlines at X = -155 (-47.24) and -244 Feet
(=Th.3TM) for ¥ = 0, 5, and 10 EnOtS. ccossssscsssssasvswsnnss 21




ABSTRACT

Computer calculations were made of the paths of
streamlines on the hull of the USNS VANGUARD (TAGM-19).
The calculations were made by using a potential flow
computer program which accounts for free surface effects.
Computer runs were made for ship speeds of 0, 5, 10, 20,
and 30 knots, where the O-knot speed corresponds to the
double model case where the free surface is treated as a
plane of symmetry. Numerous computer-generated figures
of the ship lines and streamlines for the 0-, 5-, and
10-knot cases are presented. The results are also sum-
marized in tabular form. For a streamline passing through
a fixed point on the bottom of the hull at Frame 143, the
axial location of a proposed acoustic receiver array, the
results show that the closest approach of the streamline
to the actual free surface monotonically increases with
increasing speed. Thus, the O-speed case represents the
most conservative estimate. The results also show that
streamlines located 7.5 feet (2.3 m) outboard of the ver-
tical plane of symmetry, the outreach of the proposed re-
ceiver array, approach no closer than 11 feet (3.4 m) to
the free surface in the bow region for the 0-, 5-, and
10-knot cases.

ADMINISTRATIVE INFORMATION

This work was sponsored by Sperry Systems Management of the Sperry
Rand Corporation under Purchase Order P-184803 dated 13 February 1979.

The work was performed under internal Work Unit 1552-123.
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INTRODUCTION

Sperry Systems Management of the Sperry Rand Corporation requested
the David W. Taylor Naval Ship R&D Center (DINSRDC) to calculate the
paths of streamlines on the hull of the USNS VANGUARD (TAGM-19) to
serve as an indication of the paths of bubbles entrained by bow pheno-
mena such as the bow wave breaking, deaeration, and possible cavitation
at high speeds on rough hull surfaces. The assumption of bubbles fol-
lowing the paths of streamlines decreases in validity with increasing
bubble size. As bubble size increases, the bubbles tend to cross stream-
lines due to buoyancy and streamline curvature effects, which are pro-
portional to the cube of bubble radius. The actual intensity and distri-
bution of bubble sizes arising from the various entrainment phenomena is
beyond the scope of the present work.

The particular concern was that some of the bubbles would pass
through the neighborhood of an acoustic receiver array located
on the bottom of the hull at Frame 143 which is 213.9 ft (65.19 m)
aft of the forward perpendicular. The receiver array extends 7.5 ft
(2.3 m) outboard of the vertical plane of symmetry on each side of
the keel. The USNS VANGUARD has a length of 575.225 ft (175.32 m)
at the 25-ft (7.62 m) Design Waterline (DWL) and a beam of 75 ft
(22.86 m). The forward 75.13 ft (22.90 m) and aft 118.88 ft (36.23 m)
of length are identical to those for a T2 Tanker. The amidships region
is somewhat longer and wider than that for a T2 Tanker.

2
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The calculations were made by using the XYZ Free Surface Program.
It is a potential flow program which accounts for free-surface effe:ts
and was previously used to compute streamlines on the USNS DUTTON.l |
The theory underlying the program is briefly described here and in more
detail in References 1 and 2. The velocity field is written in terms
of a sum of sources placed over a series of quadrilaterals which are
used to model the surface of the ship and a limited region of the undis-

turbed free surface. The source densities are determined by the condition

of no flow through the surface of the ship and a linearized condition on

the free surface.

The hull of the ship was modeled by 144 quadrilaterals, as in Re-
ference 1. Figure 1 shows the side, bottom, and front views of the M- and

ok

N-Lines, which determine the vertices of the quadrilaterals. With
the exception of the bow and stern regions, the M-Lines are nearly par-
allel to the longitudinal X-axis while the N-Lines are nearly perpen-
dicular to the X-axis. The jagged appearance of the quadrilaterals is
due to the sweep of the M-and N~Lines in the bow and stern regions.
This was done largely to minimize the difference in dimensions of
neighboring quadrilaterals in these regions. Figure 1 also shows that
the origin of the coordinate system used is at the forward perpendicular.
The free surface was modeled by 272 quadrilaterals. It is estimated that

this arrangement will give streamline patterns which are accurate to

within 1 foot (0.3 m).

* Complete listing of references is given on page 8.
** This follows the terminology given in Reference 2.

- " 3
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Calculations were made for ship speeds of 0, 5, 10, 20, and 30

knots, with corresponding Froude numbers F of 0, 0.062, 0.124, 0.248,
n
and 0.372, where F is given by
n

F = (1)

VT

where U is the ship speed,
2 2
g is the gravity constant = 32.2 ft/sec (9.8 m/sec ),

L is the length of the DWL = 575.225 ft (175.32 m).

The O-knot speed corresponds to the double model case where the free
surface 1is treated as a plane of symmetry.

While the Purchase Order specified computer runs for only 0, 5,
and 10 knots, runs were also made for 20 and 30 knots to give a
clearer indication of the effect of higher Froude numbers on the
streamlines. As shown in the following section, there is relatively
little change in the streamline paths for the low Froude numbers cor-

responding to 0, 5, and 10 knots.

PRESENTATION OF RESULTS
Since the principal interest centers on the acoustic receiver
array located at Frame 143, which corresponds to X = -213.9 ft
(~65.19 m), streamlines through fixed points on the surface of the

hull at Frame 143 were traced to the bow and stern. The slope of a
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given streamline changed each time it entered a new quadrilateral
element. The slope was determined by the ratio of the calculated
velocities at the center of the given quadrilateral and the two
neighboring quadrilaterals above and to the right. Table 1 lists

22 streamlines that were traced for the 0-, 5-, 10-, 20~, and 30-knot
cases. The streamlines at Frame 143 range from Streamline 1, which

is 0.1 ft (0.03 m) away from the keel, to Streamline 22, which is

0.75 ft (0.23 m) below the free surface. For each streamline, Table 1
shows the point of closest approach to the actual ocean surface, whica
includes the bow wave, in the bow region. To give an indication of the
bow wave, Table 2 gives the elevation of the bow wave over the forward
100 ft (30.5 m) of the ship.

In order to give an indication of the streamline pattern for
other possible locations of the acoustic receiver array, forward and
aft of Frame 143, Table 3 shows the values of Y and Z for the 22
streamlines at X = -155 ft (-47.24 m) and X = =244 ft (-74.37 m) for
the O-knot case. The values of Y and Z for the 5- and 10-knot cases
differ by less than 0.1 ft (0.03 m) from the values for the O-knot
case. Thus, the values shown in Table 3 are applicable to all 3
speeds to within 0.1 ft (0.03 m).

Figure 2 shows side, bottom, and front views of the streamlines
and ship N-Lines for the 0O-knot or double model case. In this figure

and all subsequent figures, the bow is to the right. Figures 3 and &4

respectively show side and bottom views of the forward and rear halves
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of the streamlines and ship N-Lines. Figures 5 through 7 and 8

through 10 show corresponding results for the 5- and 10-knot cases,

respectively.

DISCUSSION OF RESULTS

Table 1 shows that the difference in the closest approach to the
actual free surface between the 0-, 5-, and 10-knot cases is less
than 2.4 ft (0.73 m) for all the streamlines.

As indicated in Table 1 and also shown in Figures 2 through 10,
the most outboard (higher numbered) streamlires, which start nearest
to the free surface, are not traced all the way to the bow and stern.
The XYZ Free Surface Program stops the calculation of the streamlines
when they reach the undisturbed free surface (Z = 0). At present, the
program computes velocities only on quadrilateral elements, which do
not extend above Z = 0. However, the program does compute the eleva-
tion of the free surface.

The results of Table 1 may be used to determine the furthest
outboard location of the acoustic receiver array at Frame 143 for a
given value of the closest approach to the actual free surface. For
example, for a closest approach of 7 ft (2.13 m), the array may be
located up to about 17 ft (5.49 m) outboard of the keel at Frame 143
(Streamline 12) for speeds between 0 and 10 knots. For the 7.5-ft
(2.3 m) outreach of the proposed receiver array, Table 1 indicates

that the streamlines have a closest approach of approximately 11 ft

(3.4 m) for speeds between 0 and 10 knots.




| Table 1 shows that the closest approach to the free surface mono-
tonically increases with increasing speed. This is largely due to the

increase in height of the bow wave with speed, as shown in Table 2,

which also shows that the crest moves aft with increasing speed.

Table 3 shows that there is relatively little difference in the

locations of the streamlines between a forward location at X = -155 ft

(-47.24 m) and at an aft location X = -244 ft (-74.37 m) for speeds

between 0 and 10 knots. This means that the furthest outboard locations

of the acoustic array at Frame 143 determined from Table 1 for per-

missible values of closest approach essentially apply for 155 ft (47.24 m)

< |x| €264 £r (7437 m).

Figures 2 through 4 and 9 through 10 show that the streamlines for
- the 0- and 10-knot cases are relatively smooth. Figures 5 through 7

show that the streamlines for the 5-knot case are jagged. This is due

to the decrease in wavelength of the bow wave when compared to a speed

of 10 knots, thus requiring more quadrilaterals for accurate modeling
of the bow wave. This problem is avoided in the 0O-knot or double model
case, since the free surface is considered to be a plane of symmetry.

Thus, 1t appears to be adequate to calculate the paths of streamline

for low speed cases with Froude numbers below about 0.12 (a ship speed

of about 10 knots in the present case) as double model cases. Table 1

shows that the maximum error in values for closest approach to the free
é surface computed for the double model would be about 2 feet (0.61 m).
The exact height of the bow wave, of course, can only be obtained by
E* considering free surface effects. The computer cost for the free sur-
. face case is approximately five times more than the double model case.

7
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CONCLUSION

The report has presented a detailed calculation of the paths of
streamlines on the hull of the USNS VANGUARD (TAGM-19). Assuming that

bubbles follow the streamlines, the closest approach of the streamlines

o i s . i i et et

o passing through the region of the proposed receiver array, located at
Frame 143 with an outreach of 7.5 feet (2.3 m), is approximately 11

feet (3.4 m) from the free surface in the bow region. This appears to

be adequate clearance to ensure that bubbles entrained on the surface E

near the bow do not pass through the receiver array.
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Streamline at Frame 143

X = -213.9 Ft(-65.19M)

oSN uwmPwN -

(Y=-0.1, Z=-25.0)
(Y=-0.2, 2=-25.0)
(Y=-0.5, 2=-25.0)
(Y=-1.0, 2=-25.0)
(Y=-2.0, Z2=-25.0)
(Y=-3.0, 2=-24.9)
(Y=-5.0, Z=-24.9)
(Y=-7.0, 2=~24.9)
(Y=-10.0,Z=~24.9)
(Y’-13.0,Z'-24.9)
(Y=-16.0,Z=~24.9)
(Y=-18.0,Z=~24.9)
(Y"20.0,2'°24-8)
(Y=-24.0,2=~23.8)
(Y=-28.0,Z=~21.8)
(Y=-32.5,2=~19.5)
(Y=-37.0,Z=~17.0)
(Y=-37.5,2=~8.0)

(Y=-37.5,Z=~5.0)

(Y=-37.5,2=~3.0)

(Y‘-37.5,Z'-1.5)

(Y==37.5,2=-0.75)

|
~
.

11
NOwWOUnmwoowm

oONvVLWWSHUVO

V in Knots

10
-25.0
-24.4
-23.1
-21.2
-18.4
-16.7
-14.8
-13.0
-10.7

-9.1
-8-2
=7.6
=7.2
-504
=4.7
=4.2
_3a5

CLOSEST APPROACH OF STREAMLINES (IN FT) TO ACTUAL FREE SURFACE IN
BOW REGION

-25.0
-25.0
-25.0
-24.9
-22.4
-20.9
-19.3
-1707
-15.8
-13-9
-13.4
_12.9
-12.0

-25.0
-25.0
-25.0
-24.9
-23.1
-21.8
-20.4
-19.5
-18t0
-17.2
-1602
-15-5

*7Z=0 is reached aft of stem, ]closest'approachlﬁmaximum bow wave elevation
shown in Table 2.
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TABLE 2
SHAPE OF BOW WAVE
WAVE ELEVATION Z (Ft)
X (Ft) V=0 V=05 V=10
0. 0. 0.38 2.40
-10. 0. 0.24 1.68
-20. 0. 0.19 0.18
-30. 0- 0.14 0.39
-40. 0. 0.09 0.51
-50. 0. 0.05 0.44
-60. 0- -0-01 0.15
-70- 0- -0-02 -0.13
-SOu 0- -0.04 -0|32
-90- 0- -0007 -0-40
-100. 0. -0.09 -0.48

V=20
5.18
7.88
9.47
8.04
5.45
3.20
1.82
0.44

-0.69

_1-80

-2.96

VvV =30

4.24
7.60
12.53
16.11
15.38
13.06
10.99
8.92
6.76
4.61
2.46




LOCATIONS OF STREAMLINES AT X=-155 (-47.24) AND -244 FEET (-74.37M)

FORV = 0, 5, AND 10 KNOTS *

Streamline at Frame 143 (in ft)

X = -213.9 Ft (-65.19M) X = -155 Ft (-47.24M) X = =244 Ft (-74.37M)
1. (Y=-0.1, 2=-25.0) (-0.1, -25.0) (-0.1, -25.0)
2. (y=-0.2, 2=-25.0) (-0.2, -25.0) (-0.2, -25.0)
3. (Y=-0.5, Z=-25.0) (-0.5, -25.0) (-0.5, -25.0)
4. (Y=-1.0, Z=-25.0) (-1.0, -25.0) (-1.0, -25.0)
5. (Y=-2.0, Z=-25.0) (-2.0, -25.0) (-2.0, -25.0)
6. (Y=-3.0, Z=-24.9) (-3.0, -24.9) (-3.0, -24.9)
7. (Y==5.0, Z=-24.9) (-5.1, -24.9) (-5.0, =-24.9)
8. (Y=-7.0, 2=-24.9) (=7.1, =-24.9) (-7.0, -24.9)
9. (Y=-10.0,2z=-24.9) (-10.1,-24.9) (-10.0,-24.9)

10. (Y=-13.0,2=-24.9) (-13.2,-24.9) (-13.0,-24.9)
11. (Y=-16.0,Z=-24.9) (-16.3,-24.8) (-16.0.-24.9)
12, (Y=-18.0,2=-24.9) (-18.3,-24.8) (-18.0,-24.9)
13. (Y=-20.0,Z=-24.8) (-20.3,-24.8) (-20.0,-24.8)
14, (Y=-24.0,2=-23.8) (-24.4,-23.5) (-24.1,-23.8)
15. (Y=-28.0,2=-21.8) (-28.5,-21.1) (-28.1,-21.8)
16. (Y=-32.5,2=-19.5) (-33.0,-18.6) (-32.5,-19.4)
17- (Y--37 .0,2--17 .0) ('36.0,-15 -4) (-3704’-17 -0)
18. (Y=-37.5, Z=-8.0) (-36.2, =7.7) (-37.5, -8.0)
19. (Y=-37.5, Z=-5.0) (-36.3, -4.8) (-37.5, =5.0)
20. (Y=-37.5, Z=-=3.0) (-36.3, -2.9) (-37.5, -3.0)
21. (Y=-37.5, Z=-1.5) (=36.3, -1.4) (-37.5, -1.5)
22. (Y"37.5,Z"0.75) (’36.3,‘0-73) (—37053-0-75)

* The computed differences between locations of streamlines at 0, 5

and 10 knots were less than 0.1 feet (0.03).
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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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