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ABSTRACT

The hydrodynamic pressure distribution has been measured
on the SQS-26 sonar dome of a CGN-38 Class ship model. Ex-
periments were conducted primarily in head regular wave con-
ditions; however, some data was collected in irregular head
waves and in regular and irregular waves at 45 degrees off
the port bow. Regular wave responses are presented in the
form of response amplitude operators and the irregular wave
results are presented as significant values of response.

ADMINISTRATIVE INFORMATION
This work was funded by the Naval Sea Systems Command under Work Request 02940,
dated 11 November 1980. The work is identified at the David W. Taylor Naval Ship
Research and Development Center under Work Unit Number 1730-105.

INTRODUCTION
The hydrodynamic pressure acting on a ship is the result of several components
including effects from the incident waves, the diffracted waves, and the ship motion
in six degrees of freedom. As part of an effort to better understand these effects
and to improve hydrodynamic pressure prediction capabilities, model experiments were
conducted with a model of the nuclear powered cruiser (CGN-38). The steady and the
oscillatory hydrodynamic pressure on the sonar dome was measured and is presented in

this report for future use in verifying computer predictions.

DESCRIPTION OF PROTOTYPE AND MODEL

The experiments were conducted using a 23.27 ft (7.09 m) wood model, number
5201, to represent the CGN-38. Particulars of the ship and model are listed in
Table 1. The body plan is shown in Figure 1. The model was fully appended with
bilge keels, twin propellers and rudders.

The model was instrumented to measure pitch, heave, roll, yaw, sway, and the
vertical motion of the bow relative to the water surface. The relative bow motion
(RBM) was measured near the nose of the dome at Station 0.5. In addition, the
8QS~26 dome was instrumented with six pressure gages at the locations indicated on
Figure 2. As shown in Figure 2, four gages were located on the intersection of the
dome and the waterline 4 feet below the baseline. The center of the sonar transducer,
located on the ship centerline at Station 0.85, was used as a reference to locate
the gages. The gages are identified in this report as Pl through P6, as indicated
on Figure 2.




RESULTS

All results presented are for the full-scale 560.0 ft (170.7 m) CGN-38 Class
ship. During the experiment the model was self-propelled and automatically steered
by using a rudder control system with feedback from the yaw and sway motions. It
was free to move in all six degrees of freedom. Video tape records provide profile
views of the bow and sonar dome during each run.

Regular wave experiments were conducted at 10, 20, and 30 knots in head waves
and at 10 and 20 knots in waves 45 degrees off the port bow (referred to as 225-
degree waves and bow waves). Irregular wave experiments were conducted in long-
crested head waves at 10 and 20 knots in Sea States 5 and low 7 (nominal signifi-
cant wave heights of 10.0 ft (3.0 m) and 23.0 ft (7.0 m)), respectively, and at
30 knots in Sea State 5. Also, irregular wave experiments were conducted in bow
waves at 20 knots in Sea State 7.

At no time during any of the experiment did the sonar dome leave the water. On
a few occasions, pressure gage P3 appeared to be at or slightly above the plane of
the surrounding water surface. However, the flow around the dome was such that the
gage was In contact with the water at all times. No indications of impact locading
was observed on any of the pressure gages. Therefore, all measured pressure was

sinusoidal and suitable for harmonic analysis.

OSCILLATORY RESPONSE IN REGULAR WAVES

As evidence of the applicability of superposition to this data, the data
linearity with respect to wave height was examined for a 20-knot speed in waves
with length equal to the ship length. The pitch and pressure measured on gage P4
are shown in Figure 3 as examples of the linear relationship observed between wave
height and each motion and pressure measurement.

The transfer functions for pitch, heave and motion of the bow relative to the
water surface (RBM) for head waves is shown in Figures 4, 5, and 6, respectively.
The pressure at all six dome locations is shown in nondimensional form in Figures
7, 8, and 9 for 10, 20, and 30 knots, respectively. The pressure measurements are
arranged on each page for ease of comparison. The results from pressure gages P23,
P4 and P5 (located along the stem at the 0, -4 ft (~1.22 m) and -8 ft (-2.44 m)
waterlines, respectively) are lined up down the left side of the page. Note that a

similar pressure magnitude 1s measured at each of the three stem locations for the




20~ and 30-knot speeds. At the 10-knot speed the most severe pressure was at the
P4 location.

The results from pressure gages P2 and P6, located at a 45-degree angle from
the centerline to port and to starboard, respectively, are lined up on the top
right side of the page. As expected, assuming symmetrical flow around the dome in
head waves, a similar pressure magnitude was measured at each of the locationms,

The results from pressure gage Pl, located at 67 degrees off the centerline to
port, is shown in the lower right corner. Potential flow theory has indicated that
this location 1s near the point of minimum static pressure on the dome. As shown
in the figures, the oscillatory pressure at the Pl location is only slightly less
than that measured at the other gage locations.

The pressures measured at each location are nearly the same for both the 20-
and 30-knot speeds. As expected, this agrees with a similar trend between relative
bow motion at 20 and 30 knots shown in Figure 6.

Figures 10, 11, 12, 13, and 14 show the pitch, heave, yaw, relative bow motion,
and roll, respectively, for regular waves at 45 degrees off the port bow. The yaw
motion is highly sensitive to steering. From Figure 12 it can be seen that, with
only a few exceptions at 10 knots, the yaw was very comsistent.

The pressure at all six dome locations from the experiments in bow waves 1s
shown in Figures 15 and 16 for 10~ and 20-knot speeds, respectively.

As was the case for head seas, the pressure measured at location P4 was similar
to the pressures at P3 and P5 at 20 knots but slightly higher at the 10-knot speed.
As was anticipated, the pressure at the P2 location, facing the incoming waves, was
greater than at the P6 location, on the opposite side of the dome, for both the
10- and 20-knot speeds.

OSCILLATORY RESPONSE IN IRREGULAR WAVES

The significant values of the ship motions and dome pressures measured during
the irregular wave experiments are shown in Table 2 for all sea states, speeds, and
headings considered. The values for the heave at 30 knots in Sea State 5 head
waves, the sway at 10 knots in Sea State 7 head waves, and the sway at 20 knots in
Sea State 7 bow waves were omitted from the table. Errors occurred in the measure-
ments as a result of an occasional improper position of the model. The model

position did not affect other measurements.




Trends observed between the pressures in the regular wave experiments agree
with those observed in the irregular wave experiments. The pressure magnitudes
measured at locations P3, P4 and P5 are nearly equal (within the accuracy of the
experiment) to each other for a given speed. Also the pressure magnitude at any
given location 1is nearly equal for both the 20~ and 30-knot speed. As was observed
in regular waves, the pressures at the P2 and P6 locations are nearly equal for a
given speed in head waves. However, the pressure is slightly less at the
P6 location than at the P2 location in bow waves. Finally, the magnitude of the
pressure at all locations appears to be directly related to the relative bow motion.

As the relative bow motion changes so does the dome pressure.

CONCLUSIONS

Model experiments in regular and irregular waves and in calm water have been
conducted with the CGN-38 Class. The motion of the model and the pressure at six
locations on the dome were measured and analyzed. Transfer functions from the
regular wave experiments and significant values from the irregular wave experiments
were presented. From the results the following observations have been made:

1. At no time during the experiment did the sonar dome leave the water or slam.

2, For the 20- and 30-knot speeds, the pressure at the three stem mounted
gages was nearly the same in both head and bow wave conditions.

3. The oscillatory pressure appears to be proportional to the relative bow

motion.
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Figure 15 -~ Sonar Dome Pressure Transfer Functions for
10 Knots in Bow Waves
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Figure 16 - Sonar Dome Pressure Transfer Functions for

20 Knots in Bow Waves
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TABLE 1 - CGN-38 CLASS SHIP PARTICULARS

Parameter Value
Ship Model 5201
Displacement 12,031 long tons, S.W. 1885.6 1bs F.W.

(12,224 tonnes) (855.3 kg)
Length Between Perpendiculars 560.0 ft 23.27 ft
(170.7 m) (7.09 m)
Draft 22.7 ft 0.94 ft
(6.9 m) (0.29 m)
Beam at Midship 61.90 ft 2.57 ft
(19.07 m) (0.79 m)
Longitudinal Center of Gravity, 8.16 ft 0.34 ft
LCG, aft of Midship (2.49 m) (0.10 m)
Vertical Center of Gravity, KG 2.32 ft 0.10 ft
(Relative to Waterline) (0.71 m) (0.03 m)
Transverse Metacentric Height, GM 4,84 ft 0.20 ft
(1.48 m) (0.06 m)

Scale Ratio 24,064

21




%' 1%/0°9 L1S/S° L v EV/ET9 0°62/2Y S ST/l ¢ 1°22/2¢ (.01 % ®d/¥sd) 94
1°29/0°6 $°59/5°6 T %y/%°9 9°Ly/6°9 1°€€/8°Y g-ze/ec¢ (0T x ®a/15d) ca
8°%9/Y°6 1°€L/9°01 9°19/6°8 8 %%/5°9 7 17/0°9 T°SE/TS (0T * ®d/189) vq
8°S5/1°8 2°99/9°6 €°8%/0°L 9°8€/9°S L TE/9" % 1°92/S°¢€ (.01 % eg/1sd) ¢4
$°S%/9°9 0°6%/1"¢L 7 1%/0°9 £0e/9Y v eL/ye €°61/8°C (0T * ®d/18d) 24
T°99/%°9 9°6%/2°L 9°6%/2"L €8C/1°Y s°sT/L'¢ g zT/ee (._01 x ®d/18d) 1d
Z°s/1 Lt §°9/€°1C 0°6/S°91 v Ee/T°TT 0°€/8°6 €°C/L L (@/33) UOTION mog SATIBTIY
1°2/8°9 0°2/$°9 8°1/6°S €e/Lt (u/33) Lemg
8°1/0°9 8°1/8°S v T/SY $8°0/8'¢ Lojtt (u/33) 2aeey
€7 Lo 0°'1 L0 $'0 L0 (89p) amy
1°€ L0 11 9°0 %0 9°0 (89p) 1109
Lz 6°1 %' S 1 91 't (39P) U234
z°L/9°¢2 6°9/9°22 0°8/1°92 1°€/€°01 £°€/6°01 1°€/€°01 (u/33) Y87aH 2aep
s3jouy O¢ s3ouy 0¢ s3ouy 0T sjowy O¢ sjouwy Q¢ sjouwy QT JUIWBANS BIY L
saaeM mogd S3ABM PEIH
L 23elg ®B3g ¢ 93e]s ®ag

SINAWIYAdXd JAVM dVII0TYYI WOUd SIASNOJSEd AANLITINY INVIIJINDIS - ¢ ATEVL

22




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 ORIGINATIN(G 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 IDENTIFICAT!ON,

3. TECHNICAL MEMURANDA, 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.







