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NOTATION 

Ap    Projected planing bottora area, excluding area of external spray 
strips, in feet2 

Bp    Beam or breadth over chines, excluding external spray strips, in 
feet 

Bp.   Mean breadth over chines, Ap/L» 

BpY   Maximum breadth over chines, excluding external spray strips, in 
rA   feet 

b     Mean breadth over chines, b = Bp. = Kt/^p» ^ ^eet 

C,    Draft coefficient d/b 

C^    Friction coefficient 

CG    Center of gravity 

a'2  a 
C- Uft coefficient of aft foil L A 9S   V2 

La. a: 2     a 

1     2 
CLf Lift coefficient of forward foil Lf/- PSf V 

C, Mean wetted length coefficient l/b 

CL Trimming moment coefficient M/wb 

CL Resistance coefficient R/wb 

Cs Wetted surface coefficient S/b 

Cy Speed coefficient V/I^b 

C. Load coefficient b/vb 

D Drag in pounds 

D Drag of aft foil in pounds 
ä 

Dx. Drag of forward foil in pounds 

d Draft, feet 

2 
g Acceleration due to gravity, 32.174 feet per second 

H Depth of foil below water surface in feet 

IV 



*• 

•• 

L Hydrofoil lift in pounds 

L Lift on aft foil in pounds 

LOG Longitudinal center of gravity (see Figure 1) 

(L/D) Lift-drag ratio of aft foil 
Or 

(L/D)f Lift-drag ratio of forvard foil 

L_ Lift on forward foil in pounds 

Lp Projected chine length of model in feet 

1 Mean wetted length in feet 
01 

M Trimming moment of the hull about LCG in pound feet 

M Moment about CG of boat in pound feet eg 

q Dynamic pressure, Pv /2 in pounds per foot f 

R Hull resistance in pounds 

Re Reynolds Number, Vl/v 

S Area of wetted surface in square feet (This is the actual wetted 
surface of the bottom area including spray strips; however, the 
area wetted by spray is not included.) •• 

S Projected area of aft foil in feet2 • 

2 S« Projected area of forward foil in feet 

T Propeller thrust in pounds 

V Speed of boat in feet/second 

V Takeoff velocity in feet/second 

w Density of water in pound/feet 

X Distance along X-axis from CG to lift force on aft foil in feet 

Xf Distance along X-axis from CG to lift force on forward foil in 
feet 

X,Y,Z Coordinate axis system fixed in the boat 

Z Distance along 2-axis from GG to drag force on aft foil in feet 

l Zf Distance along Z-axis from CG to drag force on forward foil in 
j feet 
i 
v 



Z.    Distance along Z-axLs from CG to thrust axis in feet 

a     Total angle of attack of aft foil with respect to the horizontal 
in degrees 

Of    Total angle of attack of forward foil with respect to the 
horizontal in degrees 

a    Angle of foil incidence in degrees 

ß     Angle of change in foil incidence (trim control forward foil) in 
degrees 

A     Load on hull in pounds 

A     Displacement at rest in pounds 

I?     Kineniatic viscosity of water in feet /second 

3 
P     Density of water in slugs per feet 

T     Trim angle of hull (angle between water surface and the reference 
line of hull) in degrees 

VI 



ABSTRACT 

General resistance tests of XMB Model 4S67 were con- 
ducted in the Langley Field facility of the David Taylor 
Model Basin to determine the performance characteristics 
of one of a series of hulls Which might be adaptable for 
use with hydrofoils. Resistance, trimniKg ncment, and 
wetted length were measured for several load, trim, and 
speed conditions. All data are presented in nondimensional 
form for use in comparing hull forms and calculating take- 
off performance. 

AIMENISTRATIVE INFORMATION 

This study was authorized as part of the Hydrofoil Accelerated 

Program by Bureau of Ships letter S-F013 02 01, Serial 420-228 of 30 

August 1960. The scope of the program was delineated in Bureau of Ships 

letter 3900, Serial 341B-125 of 13 August 1963. Funding was under 

SS 600-000, Task 1707. 

INTRODUCTION 

With the recent development of hydrofoil craft as a means of 

commercial and military transport, theoretical and experimental effort 

has been concentrated on the hydrofoil. Such concentration of effort is 

proper inasmuch as the hydrofoils make this craft different from a 

planing or displacement boat. This difference must be exploited in order 

to realize possible advantages, such as increase* in speed or improvement 

of behavior in rough water, which can be obtained by the use of hydro- 

foils. 

Along with the development of hydrofoil systems, however, the 

design of the hull is also of importance. Experience with hull designs 

for other types of boats has provided the basis for most of the hydro- 

foil hull designs. The designers of various hydrofoil craft have pursued 

policies of independent development that have given rise to striking 

differences in the hull lines. Although it is quite possible that there 

is little difference in the performance of good examples of the various 

types of hulls, direct comparisons are not possible at present because of 

the scarcity of published test results. Moreover, much of the data have 



been obtained at only a fev loads and trijns. Little data ore directly 

applicable to hydrofoil use, -where the trim change during takeoff may be 

large and the load on the hull varies from full load to zero. 

In order to provide data on hydrofoil hidls vhich night be used in 

performance calculations for preliminary designs, the Bureau of Ships 

initiated a program under which a number of hulls at representative un- 

loading conditions were to be tested at a range of speeds and trims. The 

object of this program was to obtain data and to develop a method of 

presenting the results in the form of nondimensional lift, drag, and 

trimming moment coefficients for use in comparing hull, forms and calcu- 

lating takeoff performance. The end result is to establish criteria on 

which the design of efficient and optimized hulls can be based. 

The High Speed Phenomena Division of the David Taylor Model Basin 

tested three hull models: Models 4667, 4335-2, and 4776, Model 4667 is a 

stepless planing hull; Models 4335-2 and 4776 are stepped planing hulls. 

This report presents the results of the tests of Model 4667 in nondi- 

mensional form together with a sample calculation for a takeoff perform- 

ance computation. 

DESCRIPTION OF MODEL 

Figure 1 presents the line and form characteristics of the 8-foot 

model designated as Model 4667. Previous data have indicated that this 

hull has less resistance than most stepless planing hull designs tested 

to date; accordingly Model 4667 was chosen as representative of an 

efficient planing hull used as a hydrofoil craft. The ratio of length to 

average beam (Lp/b) is 5. The model has a constant deadrise of 12 1/2 

deg which continues from the transom to 40 percent of the length. The dead- 

rise increases from this point to 36 deg at 90 percent length. The model was 

made of laminated mahogany, painted with gray enamel, and rubbed to a smooth 

finish. Scales were marked on keel, chine, and transom to facilitate the 

reading of wetted lengths. 

1 
References are listed on page 39. 



APPARATUS AND PROCEDURE 

Langley Tank 1, in which the model was tested, is described in 

Reference 2. The towing gear used during the tests is shown in Figure 2. 

It consists primarily of a drag dynamometer incorporating a load cell to 

measure drag and a counterbalancing arrangement which includes two lift 

load cells to measure the tension in the tapes which support the towing 

gate and the mode].. By counterbalancing the model to zero displacement 

and then removing weight from the balance pan equal to the desired load, a 

range of model displacements may be obtained. Likewise, for a given dis- 

placement, the lift of a hydrofoil may be simulated by adding weights to 

the balance pan. The readings of the load cells were recorded on strip 

charts. 

The model was fixed in trim at the towing point. The trim was set 

at zero when the baseline was parallel to the undisturbed water surface. 

The hydrodynamic triiraning moments were calculated from the distribution 

of the load as determined from changes in tensions in the supporting tapes. 

The triimning moments are referred to the LCG. Positive moments tend to 

raise the bow. 

Wetted lengths were read visually and from underwater and over- 

water photographs. Wetted areas were computed from these data. 

The draft of the model was determined by use of a sonic surface-wave 

transducer. The transducer, as shown in Figure 2, was attached to the 

towing gate, ahead of the model. The draft was set at zero with the keel 

at the transom just touching the water. The output from the transducer 

was recorded on an oscillograph recorder. 

In a general fixed-trim test, data are obtained for a number of 

constant loads, speeds, and trims through a range which is considered 

practicable. This procedure is similar to that used for tests of seaplane 
3 

hulls.  Resistance, wetted length, draft, and trimming moment are 

measured. A wide range of trim angles is investigated so that, in general, 

the trim angle for minimum resistance and for zero triiraning moment can be 

established. The unloading curves which set the boundaries for the range 

of speed and load conditions used in these tests are shown in Figure 3. 



RESULTS AND DISCUSSION 

Various methods were considered for the presentation of data. The 

primary consideration in selecting a method is that it should lend itself 

to conputation of the hydrofoil craft takeoff resistance and should be 

suitable for comparing the resistance characteristics of different hull 

designs for various sizes of boats. 

The takeoff of a hydrofoil boat is similar to that of a seaplane 

in that an auxiliary lifting device unloads the hüll as the speed in- 

creases. Consequently coefficients were chosen which had been found 

satisfactory for presenting results of force tests of seaplane hulls. 

These coefficients are usually based upon the maximum beam; however the 

mean beam B«., indicated in Figure 1, is probably a more familiar di- 

mension in working with boats and is therefore used. For simplicity, the 

symbol b is henceforth substituted for Bp.. The nondiraensional co- 

efficients are defined as follows: 

CA load coefficient (A/wb3) 

C_ resistance coefficient (R/wb ) 

Cv speed coefficient (YÜB) 

CL. trinming-nioinent coefficient (M/wb ) 

C, mean wetted length coefficient (l/b) 

Cs wetted-surface coefficient (S/b ) 

C, draft coefficient (d/b) 

Any consistent system of units may be used. 

The basic data are presented in coefficient form in Table 1. The 

resistance coefficients include the air drag of the model, but the air 

tare of the towing gear has been deducted. Crossplots at specific speed 

coefficients have been prepared from plots of the basic data against speed 

coefficient. These crossplots are presented in Figure 4 where resistance 

coefficient is plotted against trim with load coefficient as a parameter 

(solid lines). Selection of speed coefficient included in Figure 4 was 

such that, in the vicinity of the hump resistance, the speed coefficients 



are closely spaced. Ciunres of constant truning KHMRt coefficient 

(dashed lines) are included so that the resistance coefficient and the 

trunong ■oaent coefficient required to Maintain the trin may be readily 

detendned for any given load coefficient and trim. The resistance 

corresponding to zero trimming moment coefficient (free to trim) or any 

other assumed trimming moment coefficient may be obtained with equal 

facility. 

The static data are presented in Figure 5; truning moment co- 

efficient and draft coefficient are plotted against trim with load co- 

efficient as the parameter. The trimming moment coefficients may be used 

to co^mte the trim at rest for other positions of the center of gravity 

than that used in these tests. 

The wetted area coefficients Cs plotted against trim with load co- 

efficient as the parameter are presented in Figure 6« The mean wetted 

length coefficients (L versus trim with load coefficient as the paraneter 

are presented in Figure 7. The curves for C, are used for the calcu- 

lation of Reynolds ninfcer. C, and C« are used to make friction cor- 

rections that are required in calculation of the total resistance of the 

full size craft. 

USE OF DATA 

To illustrate the use of the hull data for determining the re- 

sistance in preliminary design studies, a sanple calculation will be made 

for a hypothetical hydrofoil boat having a gross load A of 100,000 lb 

and a cruising speed of 50 knots when foilbome. The hydrofoil character- 

istics will be assumed, and results of tests of Model 4667 will be used 

to determine the contribution of the hull to the total resistance. 

HULL DIMENSIONS 

In order to determine the factor for scaling the model to the full- 

size craft, it will be assumed that A of 100,000 corresponds to a gross 

load coefficient C. of 0.6, which is the design gross load coefficient 

for the hull without hydrofoils. The model gross load then becomes 

wb3 X CA = 63.2(1.6)
3 X 0.6 = 155.3 lb 



The linear ratio is given by 

(' ship t       density of water in which aodel was tested \ ' 
 X    ) 
■odel A                             density of sea water / 

_ /lOOjOOO     1.964 Y''3 

I 155.3       1.99051 

X = 8.597 

The full-size dinensions of the hull are 

length   ' XLp  (model) = 8.597 X 8.00 « 68.78 ft 

■ean beam - x BpA («odel) - 8.597 x 1.600 = 13.76 ft 

LOG     - X LOG (nodel) =8.597 X 3.47 = 29.83 ft distance 

forward of Static« 10 where Lp, Bp, and LOG are obtained from Figure 1. 

The following numerical relationships can be established, knowing 

the mean beam of the hull 
A A 

C. - 
A  64.04 X (13.76)3  166,800 

Si  166,800 

V 
CV = 

K32.174X 33.76  21.04 

M 

64.04 X (13.76)*  2,296,000 

HTSROFOIL CONFIGURATION 

The foil configuration (Figure 8) is a Canard system, consisting of 

a submerged small control foil ahead of the LOG and a submerged large 

main foil just aft of the LOG. At cruising speed, the forward foil 

carries 25 percent of the gross load (25,000 lb) and the main foil carries 

75 percent (75,000 lb). The spacing between the foils is 38 ft. 



The selection of a Canard systea is not an arbitrary choice but one 

that, at the outset, appears to be adaptable to a stepless planing hull. 

At high speed coefficients, an acceptable hull lift-drag ratio is obtaiiied 

only with large negative (bov down) hull triming mopents. To overcone 

this negative nonent, the Canard system produces an opposite moment by 

virtue of a positive lift force on the control surface. If a more con- 

ventional hydrofoil system with the control foil behind the 00 were used, 

the moment opposing the negative hull moment would be produced by a 

negative lift by the control foil. 

For siiqxLicity, the main and the bow foils are considered to have 

the same geometry. No mention is made of form characteristics such as 

aspect ratio, span of the *oil, spray interference effect, etc., as they 

are not considered essential to the scope of this report. The foil as 

designed is considered satisfactory for the problem at hand, i.e., to 

illustrate the takeoff confutations. The assumed curves for the lift and 

drag coefficients are presented in Figure 9 and apply to both foils. 

These curves are for conplete foil assemblies, including strut, pod, and 

foil. To further sinftlify the illustration, the lift and drag coefficients 

are considered to be independent of speed. 
o 

If the foil loading is taken at 1100 lb/ft , the areas of the bow 
2 

and the main foils become 22.7 and 68.2 ft , respectively. At a cruise 

speed of 50 knots, the lift coefficient is determined from 

and 

CL = LA/2P SV2 

CL = 0.1550 

for both foils. From Figure 9, the corresponding angle of attack a 

while in the cruising condition is 1.7 deg and the lift-drag ratio L/D of 

the foil system is 8.1. 

Assuming the boat trim to be zero and the thrust axis coincident 

with the drag vector, the relative locations of the foils and the LOG 

must be such that the sum of the pitching moments due to the lift of the 

foils is zero. Since the distance between foils is 38 ft, the distance 

of the main foil behind the LCG is found to be 9.5 ft and the forward foil 

is 28.5 ft forward of the LCG. 



COMPUTATION OF TAKEOFF RESISTANCE 

At any given speedy the following conditions mst be satisfied: 

a. The sim of the lift forces aust equal the gross load 

A + L- + L =A [1] 
r  a  o 

b. The sini of the aonents mst equal zero 

r^ = T^ + M + Lf Xf - La Xa - Df Zf - Da Za = 0     [2 ] 

Equaticm [2] is the static nonent equation for the Canard configuration 

shown in Figure 8. The moments are taken about the LOG and the assumption 

is made that the trim angles will be small and that the thrust vector is 

parallel to the X-axis. 

In order to determine the resistance coefficient CL, the load co- 

efficient C. must be known for each speed. The load A and, consequently, 

C. depend upon the bow and main foil lift, which, in turn, depends upon 

the angle of attack of the foils, hence on the trim T of the hull. Because 

the angle of incidence of the bow foil will vary throughout the speed 

range, the following method has been devised to make possible a good 

first approximation for the bow foil angle of attack. Using the numerical 

relationships previously established, at a C» = 2.0 

V = 2.0 x 21.04 = 42.08 fps 

filtering the curves of Figure 4g, it can be seen that the trim for 

the hull at this speed must be a compromise between drag and moment. 

The minimum values of CL occur between approximately 2.3 and 4.4 deg, 

whereas CL. equal to zero corresponds to a trim variation from 1.4 to 3.4 

deg for the values of C. expected at this Cv. Choosing the hull trim T 

equal to 2.5 deg, the angle of attack of the rear foil is 

T + a = a o   a 

2.5 + 1.7 = 4.2 deg 

The dynamic pressure 

q = 1/2 P V2 = 1/2(1.9905) (42.08)2 = 1762 

8 

■■■ fe^t^: 



The lift coefficient and the lift drag ratio of the rear foil from 

Figure 9 are 

^ 
= 0.26 

(L/D)a = 9.2 

and the lift and drag are 

L = q S C. = 1762 X 68.2 x 0.26 = 31,240 lb 
a    a La 

31,240 
D ^ = 3396 lb 

9.2 

Assuming that Z = Zf = Z-, = 8 ft and putting this value and the thrust 

T = 16,000 lb obtained from the assumed thrust curve (Figure 10) into the 

moment Equation [2] 

M^ = 16,000 X 8 + 2,296,000 C^ + 28.5 Lf - 31,240 X 9.5 

- 8 Df - 3396 X 8 = 0 

which reduces to 

28.5 Lf - 8 Df = 195,948 - 2,296,000 C^ 

The moment due to the drag of the front foil is evidently small 

compared to that due to its lift. Therefore the assumption of a value of 

10 for its lift-drag ratio is reasonable. This substitution will further 

simplify the moment equation by eliminating D... With some rearranging, 

the equation becomes 

Lf = 7,074 - 82,888 C^ 

The total load is sustained by the sum of the hull lift and foil 

lift; therefore, referring to Equation [1] 

100,000 = Lf + 31,240 + 166,800 C^ 

Eliininating L-. from this and the preceding equation 

(^ = 2.012 CA - 0.7442 



A few trial values of C. with some interpolation in Figure 4g are re- 

quired to determine that 

and 

and 

CA = 0.345 

C^ = - 0.050 

(^ = 0.042 

and the hull resistance 

R = 0.042 X 166,800 = 7,006 lb 

The lift required of the front foil is 

Lf = 100,000 - 31,240 - 166,800 X 0.345 = 11,214 lb 

The lift coefficient of the front foil is 

11,214 
n     = = 0.2804 
"  1762 X 22.7 

which, by referring to Figure 9, can be obtained with a- = 4,7 deg. The 

control angle 

0 = af " T " % ^ 

4.7 - 2.5 - 1.7 = 

ß = 0.5 deg 

From Figure 9 

(L/D) =9.2 

11,214 
D =.  = 1>219 lb 
1   9.2 

The error introduced into the moment equation by the assumption of an L/D 

of 10 (whereas the actual L/D is 9.2) is 784 ft lb. This error is small. 

The practicable accuracy is mainly dependent upon the precision of taking 

values from the plots. It should be possible to interpolate C-. to _ .005. 

10 



Tlie resulting variation in moment would therefore be 

(2,296,000) .005 = 11,480 ft lb 

This moment corresponds to a shift in the LOG for the full~size craft of 

approximately 0.11 ft, or a change in the angle of attack of the control 

foil of approximately 0.2 deg. 

A conplete takeoff confutation sheet is shown as Table 2. The 

columns are headed with the values of C» covering the speed range to foil- 

borne operatic.. Results of the takeoff confutation are presented in 

Figure 10.. The curves show the variation of thrust, hull resistance, hull 

trim, and change of foil incidence with speed coefficient. 

FRICTION CORRECTION 

An accurate preliminary analysis of the data for the 100,000-lb 

craft requires that the drag data should be corrected for the difference 

between tho frictional resistance coeffficients of the model and the full- 

scale craft. The following equations are used to determine this friction 

correction: 

CV^Clmb 

Re =  [3] 

\ corr = CR + ^V" CS [^f (model) + Cf (full size)]  W 

Equation [3] has been derived from the standard form of Reynolds number so 

that the coefficients from Figure 7 for the desired speed coefficient and 

trim may be substituted directly. Equation [4] has been derived so that 

CL and Cs from Figures 4 and 6, respectively, can be substituted with the 

friction coefficients corresponding to the model and full-size Reynolds 

numbers obtained from Equation [3] to obtain the corrected resistance co- 

efficient. 

The correction for hull friction drag is computed in the following 

manner. Referring to Figure 7b, for a CL. of 2, enter the curves at T of 

2.5 deg. At a C. of 0.345, C. is found to be 3.47, Substituting this 

value and the model mean beam into Equation [33, for the model: 

11 



2.0 X 1.600 X 3.47 VsZ.nA X 1.600 
Re =  

1.028 X 10"5 

Re = 7.750 X 106 

Cf = 3.059 X 10'3 

for the full-size craft and salt water at 59F: 

2.C X 13.76 X 3.47 V32.174 X 13.76 
Re = 

1.282 X 10'5 

Re =1.567 XlO8 

Cf = 1.947 X lO"3 

Using Equation [4] and C« from Figure 6 

Si corr = 0'042 + 1/2(2.0)2 X 3.90   [(-3.059 + 1.947) lO-3] 

R corr 

R = 166,800 X 0.0333 = 5,554 lb corr 

It can be seen from this result that at a Cv = 2.0, the correction for 

friction drag is 21 percent of the total hull drag and should definitely 

be taken into consideration when making a detailed design analysis of the 

hull. 

Total correct drag = 5,554 + 1,219 + 3,396 = 10,169 

CONCLUDING REMARKS 

This repox't is the first of a series under the Bureau of Ships 

Accelerated Hydrofoil Program which deals with methods of testing and 

presentation of data specifically for the application of the hull to a 

12 
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hjrdrofoil configuration. Hulls of different design have bean and will be 

tested and the data presented in a similar manner. 

After the coogiletion of this phase of the program, a correlation 

of the data and characteristics of the various hull designs can be made. 

An outcome of the correlation should be design criteria utilizing the best 

characteristics of those tested. 

Thfc results of the test program for Model 4667 indicate that be- 

cause of the high negative trimming moments (bow down), a Canard foil 

system with controlled incidence on the forward foil is a practical con- 

figuration. If a conventional or tandem foil system is used, a controlled 

negative angle of incidence with negative lift would have to be used for 

the aft foil to oppose the high lift on the aft portion of the hull plan- 

ing surface. 

In order to avoid the high negative trimning moments found in the 

tests of Model 4667, it would seem that a good hydrofoil hull might 

possibly have a step or the hull should have narrow sections aft with the 

CG located forward. A conbination of these might be preferable. 

It is noted here, however, that the tests made and those to be made 

are indicative only of trends in the design of hydrofoil hulls and should 

not be considered applicable for specific design purposes. For a specific 

design, it would be necessary to test the model in combination with a 

foil system. 

13 



David Taylor Modal  Basin Small Craft Data Sheet 

Hard chine boat. Lp/Bpx-4.09 

TMB Model Na   4667 

SCALE   IN   MCMtS 
0  I   t94Sf7t9»lltt 

BOTTOM OF SPRAY STRIP HORIZONTAL FROH STA. 0 TO 

STA. 4. FAIRS TO DBAORISB ANCLE BETWEEN STATIONS 

4 AND 5. FOLLOWS LINE OF BOTTOH FROH STA. S TO 

STA. 10. -J   *-•«• 

KL. 

Figure 1 - Design Data Sheet 
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MODEL ramCUAKS, TEST COMDITIOMS, AM) IESUL1S 

Boat Researdi Model for 
Hydrofoil Hull Series 

Model MMfcer «1667 ^~" 
Appendages Spray Strips 
Laboratory MTMDMS 
Basin Langley Tank 

Basin Size 2920' X gt* 
Model Length 8.00"gt 

X 12« 

Hater Tewperature 72^r "" 
Specific Height »3.2 lb/ft3 

Model Material Hood 
Model Finish Paint 
Turbulence Stiaul. Hone 

•M Jjoon. 
*p     12.8011* 

Ap/V^S   T.00 

Lf/BM    9.0CO 
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Figure 4 - Variavion of Resistance and Pitching Monent 
Coefficioits with Trim and Load Coefficients 
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Figure 6 - Variation of Wetted Surface Coefficient with Trim and 
Load Coefficient 
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Figure 7 - Variation of Mean Wetted Length Coefficient with Trim 
and Load Coefficients 

6.« 

% a 

^ 
.v. 

"S. 
k a 

^ ^ 
^ 

^ s. 
\ 

> ^ ^ N 
LCA 

v 

•Urn b5 

3.0 

^1- 

\ s ^ 

^J \J ̂  
\ 
\, ^^ ■ V 

H X 

^ 
■ 

I-O1 

. 
1 t   i i i i ' I 9 

U I 

Figure 7c - Cy " 2.5 Figure 7d - Cy - 3.0 

24 



6.9t «.0 

1 

\ 
j 

\ n \ \ 

^ 
s. 

\ 
^ 
\ \ A vN \ 

\ \KN 
^ (-^ 

\ v
v 
ft 

N; \ 

^ 
■T^ "— 

2       5       5        5      ?        7       8       9 
— n i  

Fiaure 7e - «^ » 3-5 timae 7f - «^ - *• 

TBOI IH SEGIEES 

Figure 7g - Cy - 5-0 

6.0 

5-0 

1.0 

s u 

2.0 

1.0 

\ 

Ä 
\ ^ 

^ 
^ V CA-Ä A*3 

1 

t l         i t                  ' 

TUM 
t 
IM K 

i        i 
GBBS 

5 i—' 

Figur« 7h - Cy ■ 6.0 

25 



S1BEME 

Figure 8 - Geometry and Forces of a Canard Configuration 
during Takeoff 
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TABLE I 

Test Data for Model 4667 

[Trim, 
X CA 1   CR 

C
M ' 

CS ^ Cd 
de« 

0 0.232 1.19 0.0208 0.063 4.69 4.11 -0.008| 
0 .232 1.64 .0367 .114 I 4.69 4.U -.010 
0 1 .232 1.99 .0575 .137 1 4.69 4.04 -.018j 
0 .232 2.39 .0733 .155 4.69 4.04 -.010] 
0 .232 2.78 .1007 .206 4.69 4.G4 -.016 
0 .232 3.31 .1393 .282 4.69 4.04 -.016 
0 .232 3.87 .1783 .355 4.69 4.04 -.0211 

0 .309 1.12 .0259 .076 5.00 4,50 .oisl 
0 ,3G9 1.60 .0479 .157 5.00 4.50 .016 
0 .309 1.99 .0675 .173 5.00 4.44 .010 
0 .309 2.41 .0953 .219 5.00 4.44 .005 

1 o .309 2.87 .1355 .297 5.00 4.44 .005 
0 .309 3.30 .1857 .406 5.00 4-44 .008 j 

! o .386 .89 .0200 .037 5.24 4.o9 .031 
0 .386 i.15 .0363 .123 5.24 4.69 .042 
0 .386 i.6i .0598 .194 5.24 4.69 .039 

1 0 .380 1.99 .0853 .219 5.24 4.69 -021 
0 .386 2.42 .1212 .288 5.24 4.69 .016 
0 .38fi 2.78 .1664 .349 5.24 4.69 .034 
0 .386 3.37 .2582 .495 5.24 4.69 .039 

0 .«♦63 .55 .0058 .008 5.40 4.12 .036 
0 .«»63 .86 .0208 .030 5.'t0 4.12 .050 

1 0 .«♦63 1.13 .0455 .154 5.40 4.84 .063 
1 0 .463 1.59 .0722 .233 5.40 4.84 .060] 
1 0 .«♦63 2.02 .1061 .244 5.40 4.84 .047 

0 .163 2.39 .1474 .285 5.40 4.84 .042 
0 .«463 2.84 .2185 .359 5.40 4.84 .060 j 

0 .541 .56 .0089 .007 SAO 4.25 .060 
0 .51.1 .84 .0247 .032 5.40 — .070J 
0 .541 1.11 .0517 .167 5.40 4.91 .088 
0 .541 1.53 .0845 .259 5.40 4.91 .078 
0 .541 1.95 .1258 .264 5.40 4.91 .070 
0 .541 2.37 .1748 .282 5.40 4.91 .070 | 

1.5 .077 1.9/ .0181 -.050 2.13 2.25 .022 
1.5 .077 2,41 .0228 -.055 1.92 2.00 .031 
1.5 .077 2.71 .0278 -.049 1-74 1.83 .032 
1.5 .077 3.33 .0347 -.049 1-37 1.56 .041 
1.5 .077 3.87 .0386 -.051 1.12 1.25 .052 
1.5 .077 4.52 .0440 -.056 .86 1.03 .057 
1.5 .077 5,4b .0498 -.044 .63 .88 .065 
1.5 .077 6.22 .0544 -.049 .50 .78 .069 
1.5 .077 6.99 .0590 -.042 .42 .72 .073 
1.5 .077 7.52 .0629 -.042 .38 .66 .077 
1.5 .077 8.38 .0676 -.037 .28 .59 .078 

1.5 .154 1.50 .0201 -.060 3.41 3.20 -.003| 
1.5 .154 1.99 ,0274 -.050 3.28 3.13 .012 
1.5 .154 2.48 .0378 -.040 3.09 2.94 .023 
1.5 .154 2.78 .0455 -.029 2.91 2.81 .026 | 
1.5 .154 3.35 .0540 -.029 2.50 2.50 .036 
1.5 .154 3.91 .0618 -.047 2.11 2.13 .047 
1.5 .154 4.63 .0702 -.074 1.60 1.75 .062 
1.5 .154 5.40 ,0780 -.094 1.20 1.38 .073 
1.5 .154 6.18 .0849 -.108 .94 1.08 1078 
1.5 .154 6.93 .0922 -.108 1 •75 .94 .08b 
1.5 .154 7.66 .0984 -.095 .64 .89 .094 
1.5 .154 8.35 .1042 -.096 .63 .82 .095 
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Table 1 - Continued 

Triro, 
T 

CA 
cv CR «-s Cbn Cd 

Ueg 

1.5 0.232 1.15 0.0164 -0.058 3.99 ~T-29" -O-oTel 
1-5 .232 1.52 .0239 -.032 4,00 3.63 0 
1.5 .232 1.99 .0340 -.016 3.91 3.50 .016 
1.5 I .232 2-3'1 .0448 -.005 3,77 3.38 .026 I 
1.5 ! .232 2.78 .0579 ,015 3.60 3.31 .032 
1.5 .232 3.35 .0699 .012 3,27 3.11 .043 I 
1.5 j .232 3.91 .0818 .014 2.85 2.81 .055 
1.5 .232 «».56 .0934 -.028 2,39 2.38 .073 
1.5 .232 S.M7 .1034 -.076 1.78 1.86 .088 
1.5 .232 6.33 -1127 --116 1,33 1.5C .099 
1.5 ,232 6.96 .1189 -.144 1.09 1.31 . 04 
US .232 7.66 .1262 -.156 ,91 1.06 .117 \ 

1.5 .309 1.15 .0232 -.037 4.40 3.88 -.021 I 
1.5 .309 1.59 .0316 0 4.43 3.94 0 
1.5 .309 1.99 .0417 -01b 4.32 3.78 .012 
1-5 -309 2.15 .0533 -G50 4.20 3.71 .023 1 
1.5 .309 2.83 .0670 .079 4.07 3.53 .033 
1.5 .309 3.27 .0822 -095 3.87 3.48 .047 
1.5 .309 3.91 .1000 -100 3,46 ! 3.25 .052 
1-5 .309 «».63 .1162 -041 2,94 2.91 .068 
1.5 -309 5.«»7 .1289 -.018 2.33 2.34 .091 1 
1.5 .309 6.25 .1366 -.106 1.82 1.94 .104 1 
1.5 .309 5.96 -1440 -.159 1.49 1.63 .115 

1.5 .386 .8«» .0193 -.112 4.07 3.69 -.olol 
1.5 .386 1.15 .0289 -.013 4.69 4,19 -.020 1 
1.5 .386 1.54 .0405 .043 4.65 4,13 -.003 
1.5 .386 1.99 .0521 .070 4.54 4,00 .016 1 
1.5 .386 2.46 .0645 .115 4 42 3,93 .026 
1.5 -386 2.74 .0791 -163 4.34 3.84 .034 
1.5 .386 3.37 -0984 .192 4 08 3.70 .050 
1.5 .386 3.87 -1185 .194 3-85 3.48 .060 
1.5 -3o5 4,63 .1374 .154 3 37 3.23 .077 
1.5 .386 S.47 .1548 .057 2 78 2-78 .099 
1.5 -386 6.33 .1633 .048 2 17 2.25 .117 
1.5 -386 6.96 .1737 -.119 1 80 1.94 .125 j 

1.5 -«»53 .58 .0077 -,169 4 42 3-91 -.00«»] 
l.Z -163 .86 .0224 -,106 4 32 3-81 -.013 
1.5 -'♦63 1.11 .0351 -,001 5 16 4.44 -.018 
1.5 -U63 1.54 .0502 ,078 4 85 4.31 -.003 
1.5 -163 1-99 .0652 ,116 4 73 4.21 .016 
1.5 -M63 2-32 .0776 .170 4 65 4.14 .026 
1.5 .M63 2-78 .0934 ,241 4 54 4.03 .036 
1.5 -«»63 3-31 .1115 .301 4 35 3.86 .050 
1.5 .«»63 3.87 ,1312 ,315 4 11 3.71 .064 
1.5 ,«»63 4.SS .1552 .282 3 78 3.44 .083 
1.5 .«»53 S.47 .1758 .168 3 21 3.08 .104 

1.5 .5«»1 .28 .0010 -.185 4 SO 3.98 -.008] 
1.5 .541 .56 .0077 -.173 4 59 4.03 -.009 
1.5 .5«H .85 .0243 .044 4 38 3,88 -.018 
1.5 .5«»1 1.15 .0452 .036 5 40 4.63 -.026 
1.5 .5i»l 1.60 .0652 .123 5 10 4.49 -.008 
1.5 .5«»1 1.99 .0791 .161 4 99 4.39 .008 
1.5 .sm 2.32 .0961 .244 4 86 4.25 .018 
1.5 .sm 2.78 .1139 .351 4 71 4,21 .034 
1.5 .5«»1 1 3.31 .1305 .424 4 54 4.00 .050 
1.5 .sm I 3.87 .1455 .436 4 34 3.85 .058 
1.5 1 .sm 4.63 ,1714 .419 4 03 3.53 .088 
1.5 1  .541 5.41 .1953 1  .317 | 3.61 3.31 .109 | 
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Table 1  - Continued 

Tfim, 
i ^ ^V ^R S CS S« CU 
ik^ 

1.5 0.618 0.28 0.0011 -0.193 9.59 9.06 -0.0051 
1.5 .618 .56 .0085 -.182 «(.69 9.13 -.008) 
1.5 .618 .86 .0282 -.120 — — -.026 
1-5 .618 1.15 .0552 .056 5.90 9.69 -.036 
1.5 .618 1.57 .0760 .199 5.26 9.63 -.021 
1.5 .618 1.99 .0965 .196 5.16 9.96 0 
1.5 .618 2.38 .1208 .290 5.09 9.95 .010 
1.5 .618 2.78 .1920 .182 9.13 9.38 -123 
1.5 .618 3.33 .1583 .595 9.77 9.19 -092 

1 1-5 .618 3.9«» .1698 .585 9.60 9.00 .062 1 

L.5 1 .695 .28 .0019 -.210 9.69 9.16 -.0051 
1.5 .695 .56 .0089 -.199 9.77 9.19 -.016 1 
1.5 -695 .86 -0309 -.191 — — -.016 I 
1-5 .695 1 1.15 -0691 .053 5.90 9.81 -.026 
1-5 -695 1.59 -0911 .165 5.36 9.75 -.016 
1.5 .695 1.99 -1150 .202 5.32 9.69 0 
1-5 .695 2.32 -W90 .311 5.29 9.56 .013 
1.5 .695 2.8'» -1795 .999 5.16 9.56 .031 

[ 1.5 .695 3.31 -1980 .638 5.00 9.93 .097 1 

1-5 .772 -28 -0010 -.215 4.85 9.25 .0101 
1.5 .772 .57 .0096 -.203 9.85 9,28 .003 
1.5 .772 .86 -0336 -.192 — — -.008 
1.5 .772 1.15 -071«» .066 5.90 9.88 -.013 
1.5 .772 1.5«» -103«» .196 5.90 9.81 -.005 
1.5 .772 1.99 .1316 .295 5.90 9.78 .008 

| 1.5 .772 2.32 ,1710 .397 5-90 9.75 .021 

1 3.0 .077 1.97 .0112 .106 -89 1.13 .055 1 
3.0 .077 2.32 .0108 .121 .80 .88 .072 
3.0 .077 2.80 .0131 .133 .56 .62 .083 
3.0 .077 3.51 .0159 .131 .37 .95 .099 
3-0 .077 •♦.25 .0170 .102 .27 .38 .108 
3-0 .077 «».87 .0181 .102 .20 .33 -113 
3.0 .077 5.56 .0197 .107 .16 .29 .119 
3-0 .077 6.76 .0212 .085 .12 .25 .121 
3-0 .077 6.96 .0239 .067 .10 .22 .125 
3.0 .077 7.65 .0255 .059 .09 .21 .127 

1 3-0 .077 8.35 -0290 ,053 .08 .19 .129 1 

1 3.0 .154 i.S7 -0181 .198 2.39 2.33 .021 I 
3.0 .15H 1.95 -0220 .197 2.03 2.03 .092 
3.0 .15U 2.38 -0235 .159 1.66 1.71 .068 
3.0 .15«» 2.78 -0251 .17;: 1.25 1.36 .087 
3.0 .15U 3.54 -0278 .215 .77 .88 .116 
3.0 -!£«» «»-18 -0285 .227 .53 .62 .133 
3.0 .15«» «».83 .0320 .235 .90 .97 .190 
3.0 .151 5.56 .0351 .228 .30 .91 .195 
3.0 .ISH 6.26 .0367 .209 .25 .38 .199 
3.0 .IS* 6.96 .0390 .205 .20 .39 -152 
3.0 -15i» 7.65 I .0913 .188 .17 .31 .156 
3.0 .15«» 8.35 1 .0952 |  .189 .15 .29 .157 | 

3.0 .232 1.12 .0201 .155 3.52 3.25 -.005 
3.0 .232 1.52 .0293 -.198 3.13 2.91 .016 
3.0 -232 1.96 .0297 -.139 2.70 2.60 j  .036 
3.0 .232 2.3«» 1 .0332 .197 2.35 2.32 !  -057 
3.0 |  .232 2.81 .0378 1  .179 1.92 1.99 .080 
3.0 .232 3.«»5 .0905 1  .237 1.35 1.99 .112 
3.0 !  .232 «».15 .0921 .309 •86 i  ,98 .191 
3.0 .232 «».83 .0«t25 |  .336 .59 |  .68 1  -i55 1 
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Tabie I  - Cont inucd 

Tria, C C C„ C C C c^ 
t A V R H s Im d 

deg 

3.0 0.232 5.57 0.0160 0.311 C.15 0.51 0.165 
3.0 .232 6.26 .0483 .318 .35 .15 .171 
3.0 -232 6.96 .0510 .338 .29 .11 -171 
3.0 .232 7.72 .0568 .355 -25 .38 .177 

3.0 .309 .87 .0221 -.220 3.83 3.50 -.006 
3.0 .309 1.12 .0305 -.152 1.07 3.66 -.009 
3.0 .309 1-56 .0378 -.152 3.76 3.11 .011 
3.0 .309 1-96 .0163 .111 3.38 3.13 .026 
3.0 .309 2.37 .0518 .099 2.98 2.83 .053 
3.0 -309 2.80 .0590 .101 2-56 2.<:7 -073 
3.0 .309 3.11 .0668 .222 1-92 1.96 -111 
3.0 .309 1.17 .0691 .325 1-21 1.38 .116 
3.0 .309 1.85 .0695 .399 .85 .95 -1Ö7 
3.0 .309 5.56 .0710 .135 .61 .70 -1«1 
3.0 .309 6.26 .0722 .125 .18 .55 -189 
3.0 .309 6.96 .0781 .110 .10 .17 -191 

3.0 .386 .87 .0221 .211 1.08 3.63 -.018 
3.0 .386 1.12 .0305 .117 1.30 3.88 -.016 
3.0 .386 1.56 .0378 .126 1.11 3.73 -005 
3,0 -386 1.96 .0163 .082 3.83 3.50 -026 
3.0 -386 2.37 .0518 .076 3.52 3.22 -017 
3.0 -386 2.80 .0590 .072 3.07 2.88 -067 
3.0 .386 3.11 .0668 .161 2.12 2.36 -099 
3.0 .386 1.17 .0691 .318 1.56 

l.ll 
.80 

1.66 -m 
3.0 .386 1.85 .0695 .128 1.21 .169 
3.0 .386 5.56 .0710 .188 .91 .188 
3.0 .386 6.26 .0722 .518 .63 .72 .199 
3.0 .386 6.96 .0781 .511 .19 .56 .206 

3-0 .463 .53 .0070 .338 1-09 3.73 -.013 
3.0 .t63 .86 .0251 .265 1.22 3.81 -.023 
3.0 .H63 1.12 .0375 .130 1.12 1.06 -.021 
3.0 .163 1.51 .0155 .091 1.38 3.91 .001 
3.0 .463 1.95 .0518 .053 1-17 3.75 .018 
3.0 .163 2.35 .0620 .010 3.91 3.51 .013 
3.0 .163 2.77 .0700 .012 3.52 3.23 .061 
3.0 .163 3.15 .0780 .101 2.75 2.61 .101 
3.0 -163 1.18 .0826 .263 1.96 2.00 .112 
3.0 -163 1.81 -0810 .108 1.15 1.18 .159 
3.0 -163 5.56 -0851 -522 1.03 1-13 .191 
3.0 .163 6.26 -0851 .616 .80 .91 .207 

3.0 .511 .28 -0019 .292 1.29 3-79 -.002 
3.0 .511 .55 .0085 .350 1.32 3-87 -.008 
3.0 .511 .87 .0289 .266 «1.39 3.87 -.016 
3.0 .511 1.13 .0160 .111 1.51 1.22 -.023 
3.0 .511 1.57 .0560 .061 1.61 1.08 .001 
3.0 .511 1.99 .0668 .007 1-13 3.91 .026 
3.0 .511 2.39 .0738 .052 4.22 3.77 .015 
3.0 .511 2.81 .0819 .070 3.91 3.50 .068 
3.0 .511 3.15 .0922 -.015 3-21 2.99 .107 
3.0 .511 1.15 .0962 -.185 2.36 2.35 .116 
3.0 -511 1.81 .0981 -.129 1.72 1.77 .179 
3.0 .511 5.56 .0992 -.522 1.25 1.31 -203 

3.0 .618 .31 .0031 -.390 1.36 3.88 -.003 
3.0 .618 .59 .0108 -.362 1.12 3.97 -.009 
3.0 .618 .88 .0309 -.283 1.50 1.00 -.019 
3.0 .618 1.12 .0511 -.099 1.61 1.36 -.031 
3.0 .618 1.57 .0668 -.028 1.81 1.22 0 
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Table 1 - Continued 

Trim, 
T CA S, CR s» t-s Clm Cd 
«teg 

3.0"' 0.618 1.98 0-0780 0.018 1-65 1-09 0.02Ö| 
3 0 .618 2.39 .0861 .139 1.12 3.95 .012 
3.0 .618 2.79 .0916 .167 1.22 3.78 .065 
3 0 .618 3.15 .1012 .096 3.51 3.25 .105 
3 0 .618 1.18 .1115 .010 2.66 2.59 .118 
3 0 .618 1.86 .1116 .313 <!.02 2.08 .183 

3 0 .695 .28 -0027 .101 1.16 3.98 -.002| 
3 0 .695 .59 .0116 .370 1.50 1.01 -.009 1 
3 0 .695 .88 .0359 .275 1.56 3.99 -.022 
3.0 .695 1.12 .0633 .086 1.85 1.18 -.031 1 
3.0 .695 1.53 .0776 .011 1.97 1.38 -.005 
3.0 .695 1.96 .0907 .053 1.82 1.23 .011 
3.0 .695 2.11 .1015 — 1.61 1.08 .010 
3 0 ,695 2.78 .1081 — 1.38 3.91 .062 
3.0 .695 3.18 .1173 — 3-75 3.50 .107 

3.0 .772 .28 .0019 .152 1-51 1.03 -.ocil 
3.0 .772 .56 .0096 .369 1.55 1.13 -.013 1 
3.0 .772 .81 .0328 .288 1.61 1.06 -.029 1 
3.0 .772 1.12 .0706 .061 5.08 1.59 -.039 
3.0 .772 1.19 .0880 .065 5.06 1.53 -.015 
3.0 .772 1.98 .1012 .152 1.90 1.31 .018 | 

"1.5 -077 1.99 .0101 -.121 .63 .72 .086 
1.5 .077 2.38 .0112 -.131 .35 .11 .109 
•».5 .077 2.78 .0120 -.132 .28 -.31 .112 
1.5 .077 3.30 .0127 -.130 .21 -29 .117 
«».5 .077 3.91 .0139 -.128 .15 .25 .127 
•».5 .077 1.56 .0150 -.118 .09 .20 .130 
•♦.5 .077 5.12 .0171 -.107 .06 .19 .135 
•».S .077 6.26 .0189 -.089 05 .16 .110 
•1.5 .077 6.96 .0212 -.070 .01 .12 .113 
1.5 .077 7.66 .0228 -.016 .03 .11 .118 
1.5 .077 8-35 .0250 -.027 .02 .09 .152 | 

1.5 .151 1.60 .0189 -.157 1.61 1.81 -012 
1.5 .151 1.95 .0201 -.172 1.27 1.18 .073 
1.5 .151 2.32 .0212 -.196 .91 1.01 .101 
1-5 .151 2-78 .0221 -.230 .67 .75 .131 
1.5 .151 3-36 .0235 -.252 .11 .16 .150 
1.5 .151 3-98 .0217 -.250 .27 .31 .163 
1.5 .151 1-61 .0213 -.256 .19 .29 .170 
1.5 .151 5.11 .0266 -.253 .11 .25 .176 
1.5 .151 6.26 .0313 -.226 .11 .22 .181 
1.5 .151 6.79 .0336 -.220 .09 .20 .185 
1.5 .151 7-66 .0313 -.195 .07 .19 .190 
1.5 .151 8.35 .0371 -.176 .06 .16 .193 

1.5 .232 1.16 .0235 -.211 2,78 2.66 0 
1.5 .232 1.51 .0266 -.181 2.39 2.31 .031 
1.5 .232 1.91 .0301 -.188 1.92 2.01 .050 
1.5 -232 2.32 .0321 -.217 1.19 1.61 .091 
1.5 -232 2.78 ,0332 -.272 1.13 1.22 .122 
1.5 -232 3.36 .0321 -.310 -77 .79 .156 
1.5 -232 3.87 -0336 -.363 -18 .56 .180 
1.5 -232 1-55 -0355 -.379 -31 .36 .195 
1.5 i  .232 5-12 1  -0382 --371 .23 .31 .202 
1.5 |  -232 6.26 -0397 --372 -17 -27 .209 
1-5 -232 6.96 -0125 --368 -11 .25 .211 
1.5 1  -232 7-66 [  .0159 --323 4L ,22 -216 | 
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Table 1 - Continued 

Trim, 
T 

CA 
cv CR S Cf ^Im Cd 

deß 

4.5 0.309 1.16 0,0316 -0.221 3.28 3.03 0.005 I 
M.5 .309 1.54 .0370 -.205 2.90 2.76 .026 
«».5 .309 1.93 .0401 -.183 2.49 2.47 .057 
u.s .309 2.31 .0440 -.221 2.03 2.03 .083 
U.5 .309 2.78 .0467 -.267 1.56 1.66 .125 
4.5 .309 1 3.27 .0486 -.364 1.09 1.13 .159 
4.5 .309 3,87 1 .0475 -.442 .73 .78 .190 
4.5 .309 4,55 1 .0471 -.485 .47 .52 .214 
4 5 .309 5.42 1 .0490 -.503 .31 .36 .229 
4.5 .309 1 6.26 .0517 -.484 .24 1 .31 .237 
4.5 .309 6.96 .0529 -.490 .19 .28 ,241 j 

4.5 .386 .87 ,0276 -.316 3.75 3.38 -,016 
4.5 .386 1.12 ,0370 -.240 3.75 3.38 -,008 
4.5 .386 1.55 .0448 -,199 3.44 3.18 .018 
4.5 .386 1.99 .0506 -,165 2.97 2.34 .050 
4.5 .386 2.38 .0540 -,191 2.44 2,41 .083 
4.5 .386 2.78 .0575 -.250 1,99 1.97 .117 
4.5 .386 3.33 .0583 -.366 1.41 1.47 .159 
4.5 .386 3.91 .0582 -.484 .95 1.03 .195 
4.5 .386 4.64 .0587 -.568 .61 .70 .225 
4.5 .386 5.40 .0587 -.621 .41 .47 .242 
4.5 .386 6.22 .0618 -.524 .30 .34 .250 

1 'i-S .386 6,96 .0637 -.621 .25 .31 .254 } 

4.5 .463 ,53 .0085 -.440 3.52 | 3.25 -.008 
4.5 .463 .88 .0316 -.329 4.27 3.66 -.010 
4.5 .463 1.13 .0452 -.229 4.22 3.66 -.009 
4.5 .463 1.59 .0536 -.185 3.73 3.34 .021 
4.5 .463 1.99 .0502 -.129 3.36 3.13 .046 
4.5 .463 2.39 .0644 -.146 2,90 2.75 .073 
4.5 .463 2.78 .0679 -,201 2.42 2.38 .109 
4.5 .463 3.36 .0706 -,339 1.74 1.81 .156 
4.5 .463 3.91 .0702 -.494 1.25 1.38 .198 
4.5 .463 4.57 .0690 -.627 ■ .85 .88 .227 
4.5 .463 5.37 .0690 -.720 .56 .59 .251 
4.5 .463 6.26 .0714 -.748 t .39 ]  .44 .263 j 

4,5 .541 .56 .0096 -.462 3.97 3.5Ö -.005 
4.5 .541 .89 .0355 -.353 4.38 3.81 -.009 
4.5 .541 1.15 .0544 -.223 4.38 3.88 -.005 
4.5 .541 1.57 .0629 -.172 4.09 3.63 .016 
4.5 .541 1.99 .0706 -.098 3.74 3.44 .042 
4.5 .541 2,38 .0753 -.099 3.32 3.00 .070 
4.5 .541 2,82 .0795 -.149 2.82 2.66 .102 
4.5 .541 3,31 I .0822 -.291 2.11 2.09 .146 
4,5 .541 3,87 .0830 -.468 1.52 1.53 .190 
4.5 .541 4,64 .0811 -.652 1.02 1.09 .232 
4,5 .541 5,42 .0811 -.802 1 .66 .72 .260 
4.5 .541 6.22 1 .0818 -.874 1 •'45 |  .50 .276 | 

4.5 .618 .54 .0108 -.485 4.14 3,72 0 
4.5 .618 .86 .0324 -.403 4,38 3,91 1 -.009 
4.5 .618 1.16 .0614 -.216 4.54 4,06 -.010 
4.5 .618 1-54 ,0726 -.153 4,34 3.88 1 .016 
4.5 .618 1.99 .0811 -.076 3,99 3.59 -042 
4.5 .618 2.37 .0857 -.038 3,60 3.28 -068 
4.5 .618 2.78 .0903 -.074 3.09 2.88 -090 
4.5 .618 3.36 | .0938 -.243 2,42 2.31 -]38 
U,5 .618 3.91 1 .0053 -.446 1-80 1.81 .100 
4.5 ,618 4.64 .0934 -.693 1.17 1.25 .242 

1 '♦.5 ,618 | 5.36 | .0934 -.861 1 «'S j  .84 .271 ! 



Table 1 - Continued 

Trim, 
T CA cv CR Si CS Cli* Cd 
deg 

•».5 0.695 0.28 0.0038 -0.538 1.11 3.69 -.005 
H.5 .695 .58 .0135 -.513 1,38 3.88 -.010 
U.S .695 .86 .0355 -.102 1.69 1.16 -,010 
U.S .695 1.16 .0710 -.223 1.73 1.19 -,008 
•».5 .695 1.59 .0822 -.131 1.57 1.00 -010 
«».5 .695 1.91 .0899 -.012 1.22 3.78 .026 
1.5 .695 2.41 .0973 -.032 3.83 3.56 .060 
»».5 .695 2.78 .1027 -.007 3.11 3.13 .073 
1.5 .695 3.38 .1051 -.181 2.66 2.17 .111 

1.5 .772 .23 .0035 -.576 1.38 3,86 -.003 
1.5 .772 .28 .0038 -.572 1.38 3.86 -.003 
1.5 .772 .56 .0127 -.516 1.51 3.96 -.005 
1.5 .772 .86 .0316 -.170 1.69 3.93 -.010 
1.5 .772 1.11 .0768 -.220 1.85 1.30 -.010 
1.5 .772 1.60 .0930 -.081 1.69 1.13 0 
1.5 .772 1.99 .1012 -.020 1.31 3.98 .023 

6.0 .077 1.51 .0112 -.121 .72 .82 .078 
6.0 .077 1.99 .0116 -.130 .37 .12 .115 
6.0 .077 2.37 .0112 -.122 .21 .28 .130 
6.0 .077 2.78 .0123 -.126 .18 .21 .130 
6.0 .077 3.18 .0131 -.125 .11 .19 .112 
6.0 .077 1.18 .0150 -.116 .08 .16 .118 
6.0 .077 1.87 .0162 -.111 .05 .12 .151 
6.0 .077 5.57 .0171 -.081 .01 .12 .151 
6.0 .077 6.33 .0197 -.073 .03 .09 .156 
6.0 .077 6.96 .0220 -.056 .02 .08 -157 
6.0 .077 8.28 .0217 -.003 .02 .06 .159 

6.0 .151 1.13 .0201 -.180 1.80 1.81 .021 
6.0 .151 1.59 .0228 -.176 1.11 1.11 .055 
6.0 .151 1.99 .0235 -.200 .91 .91 .117 
6.0 .151 2.27 .0235 -.238 .58 .66 .116 
6.0 .151 2.71 .0235 -.259 .37 .12 .172 
6.0 .151 3.11 .0239 -.268 .23 .27 .186 
5.0 .151 1.18 .0217 -.261 .15 .22 .191 
6.0 .151 1.87 .0270 -.251 .11 .19 .200 
6.0 .151 5.57 .0282 -.212 .08 .17 .201 
6.0 .151 6.26 .0305 -.221 .06 .11 .208 
6.0 .151 7.66 .0313 -.188 .03 .10 .211 
6.0 .151 8.35 .0367 -.159 .02 .09 ,211 

6.0 .232 .85 .0251 -.272 2.50 2.38 -,005 
6.0 .232 1.13 .0289 -.212 2.27 2.25 .016 
6.0 .232 1.53 .0328 -.223 1.96 1.91 .052 
6.0 .232 1.95 .0313 -.211 1.19 1.56 .101 
6.0 .232 2.39 .0355 -.303 .91 1.13 .156 
6.0 .232 2.78 .0359 -.313 .67 .75 .183 
6.0 .232 3.18 .0317 -.385 .39 .38 .211 
6.0 .232 1.18 .0351 -.101 .21 .28 .227 
6.0 .232 1.81 .0357 -.398 .17 .23 .231 
6.0 .232 5.17 .0397 -.390 .13 .20 .238 
6.0 .232 6.17 .0128 -.361 .11 .19 ,212 
6.0 .232 6.85 .0152 -.362 .08 .16 ,216 
6.0 .232 7.52 .0163 -.352 .06 ,11 ,217 

6.0 .309 .87 .0320 __ __ 2.60 -,009 
6.0 .309 1.08 .0371 -.281 2.82 2,63 ,003 
6.0 .309 1.69 .0152 -.213 2.27 2.19 ,055 
6.0 .309 1.96 .0171 -.258 .1,92 1.91 ,083 
6.0 .309 2.25 ,0179 -.297 

_—— 
1.56 1.63 ,255 
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Table 1 - Continued 

1'r'm. I 
t 

t:A s, ^K ^    ! 
cs In Cd 

tic- 

6.ÖP 0.309 2.3^ 0.0179! -0.318 1 1 17| 1.50 0.138| 
6.0 .309 2.76 .0175 -.389 1.02 | 1.09 .180 
6.0 .309 3.06 .0171 -.137 .77 .81 .202 

1 6.0 .309 3.18 .0163 -.186 .15 .62 .227 
6,0 .309 1.12 .0171 -.521 .33 .28 .215 
5.0 ,309 1.80 .0175 -.537 .21 .28 .255 
6.0 .309 5.61 ,0502 -.512 .17 .21 .260 
6.0 .309 6.22 .0517 -.516 .13 .20 .265 
6.0 .309 6.96 .0510 -.188 .11 .19 .267 

| 6.0 .309 7.50 .0552 — — .17 .270 1 

6.0 .385 .56 .0116 -.158 2.82 2.69 -.026 
6.0 .386 .88 .0371 -.371 3.21 2.98 -.008 
6.0 .386 1.18 .0182 -.305 3.13 2.91 0 
6,0 .386 1.58 .0536 -.256 2.77 2.61 .036 
6.0 .386 1.99 .0571 -.251 2.35 2.25 .078 
6.0 .386 2.39 .0587 -.321 1.72 1.75 .128 
6.0 .386 2.78 .0598 -.119 1.25 1,31 .159 
6.0 .386 3. J8 .0598 -.559 .72 .78 ,229 I 
6.0 .396 3.85 .0598 -.606 .55 ,62 .250 
6.0 .3J6 1.53 .0591 -.653 .35 ,10 .268 
6.0 .386 5.11 .0606 -.555 ,21 .27 .279 
6.0 .386 6.18 .0625 -.652 .18 .21 .281 
6.0 .386 5.96 .0618 -.618 .13 .20 .289 | 

6.0 .463 .60 .0127 -.506 3.21 2.97 -.010 
6.0 .163 .88 .0113 I -.111 3.11 3.19 -.016 
6.0 .163 1.15 .0571 -.315 3.36 3.13 -.005 
6.0 .163 1.55 .0611 -.268 3.07 2.88 .029 
6.0 .163 2,00 .0679 -.237 2.61 2.56 .068 
6.0 .163 2.11 .0710 1 -.299 2,11 2,06 .120 
6.0 .163 2.78 .0725 1 -.101 1.61 1.69 .162 
6.0 .163 3.31 .0718 -.553 1.06 1.15 .221 
6.0 .163 3.87 .0711 -.670 .71 .78 .255 
5.0 .163 1.52 .0695 -.765 .51 .50 .281 
6.0 .163 5.17 .0718 -.796 .27 ,28 .300 
6.0 .163 6,18 ,0733 -.791 .20 .25 .305 ) 

6.0 .511 .28 .0027 -.606 3.28 3.06 0 
6.0 .S11 .60 .0113 -.580 3.10 3.13 -.025 
6.0 .511 .86 .0386 -.180 3.75 3.38 -.008 1 
6.0 .511 1.18 .0660 -.312 3.75 3.38 .001 
6.0 .511 1.59 .0715 -.281 3.11 3.13 .031 
6.0 .511 2.07 .0803 -.237 2.97- 2.78 .083 
6.0 .511 2.38 .0811 -.300 1 2.12 2.38 .115 
6.0 .511 2.78 .0811 -.100 I 1.92 1.91 .15l! 
6.0 .511 3.31 .0819 -.583 1.29 1.38 .227 1 
6.0 .511 3.91 .0826 1 -.711 .85 .95 .271 
6.0 .511 1.73 .0822 -.881 i  .18 .56 .302 

] 6.0 .511 5.57 .0830 j -.931 1  .32 .38 .320 j 

6.0 1 .618 .28 .0031 -.551 3.60 3.25 -— 1 
6.0 ! .618 .56 .0151 1 -.619 3.60 3.25 — 1 
6.0 .618 .85 .0371 1 -.521 3.91 3.51 1  — 1 
6.0 .618 1.17 .0756 -.338 1.07 3.65 — 1 
6.0 .618 1.56 .0865 -.277 3.75 3.31 ,026 
6.0 .618 1.99 .0915 -.198 3.30 3.05 .055 
Ö.0 i .618 2.32 .0916 -.229 2.71 2.53 .091 
6.0 i .618 2.78 .0965 -.377 2.21 1 2.16 1 .159 
6.0 1 .618 3.33 1  .0981 -.558 1.50 1 1.59 .221 
6.0 .518 ^O .0961 -.763 1.03 1 J.13 I .271 

1 5.0 1 .518 1.73 .0916 i -.958 1  .63 1 .69 .318| 
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Table 1 - Continued 

Trim, 
t 

- 

cv CR CM I CS ' Clin Cd 
1 deg | 

6.0 0.6L8 5.57 0.0949 -1.048 | 0.39 1 0.44 0.340 j 

6.0 .695 .28 .0038 -.699 3.75 3.38 .001 
6.0 .695 .56 .0193 -.648 3.83 3.44 -.003 
6.0 .695 .84 .0386 -.561 4.1U 3.69 -.005 
6.0 .695 1.11 .0845 -.356 4.22 3.75 -.005 
6.0 .695 1.53 .0973 -.260 1 3.91 3.50 .021 
6.0 .695 1.95 .1038 -.166 j 3.52 ! 3.25 .052 
6.0 .695 2.37 .1065 -.190 2.99 2.81 .094 
6.0 .695 2.78 .1081 -.300 | 2.50 2.38 .141 
6.0 .695 3.34 .1112 -.535 1.76 1.78 .208 
6.0 .695 3.90 .1081 -.764 1.68 1.28 .260 j 

6.0 .772 .28 .0046 -.730 3.9i 3.50 .005 
6.0 .772 .56 .0193 -.693 3.99 3.56 .003 
6.0 .772 .84 .0459 -.569 1 4.38 3.88 0 
6.0 .772 1.11 .0930 -.348 j 4.46 2.94 0 
6.0 .772 1.53 .1085 -.231 4.14 3.69 .021 
6.0 .772 1.95 .1169 -.125 3.79 3.44 .050 

9.0 .077 1.60 .0143 -.140 .44 .50 .1201 
9.0 .077 1.99 .014? -.147 j .24 .26 .151 
9.0 .077 2.35 .0147 -.147 .17 .19 .162 
9.0 .077 2.78 .0154 -.144 .12 .15 .162 
9.0 .077 3.36 ,0162 -.137 .08 .12 .168 

| 9.0 .077 3.91 .0158 -.130 .06 .10 .174 I 

9.0 .154 1.54 .0278 -.218 1.02 1.08 .094 
9.0 .154 1.99 .0282 -.257 .57 .62 .167 
9.0 .154 2.39 .0278 -.281 .31 .40 .208 
9.0 .154 2.78 .0282 -.281 .22 .25 .220 
9.0 .154 3.36 • .0282 -.282 .15 .17 .224 

1 9.0 .154 3.91 .0289 -.281 .12 .15 .234 | 

9.0 .232 1.16 .0386 -.254 1.84 1.84 .018 
9.0 .232 1.55 .0428 -.248 1.41 1.47 .031 
9.0 .232 2.01 .0432 -.303 .90 .97 .172 
9.0 .232 2.32 .0432 -.350 .60 .62 .211 
9.0 .232 2.78 .0425 -.380 .36 .44 .247 
9.0 .232 3.34 .0425 -.406 .22 .25 .263 
9.0 .232 3.87 .0432 -.379 .16 .19 .268 | 

9.0 .309 1.15 .0529 -.316 2.21 2.16 .021 
9.0 .309 1.58 .0575 -.318 1.83 1.84 .073 
9.0 .309 1.99 .0583 -.352 1.31 1.38 .146 
9.0 .309 2.32 .0579 -.443 .86 .94 .208 
9.0 .309 2.74 .0556 -.510 .55 .61 ,255 
9.0 .309 3.31 .0560 -.556 .34 .41 .292 
9.0 .309 3.87 .0556 -.556 .23. .25 .305 

| 9.0 .309 4.80 .0590 -.551 .14 .17 .315 

9.0 .336 .88 .0444 -.452 2.58 2.47 -.007 1 
9.0 .386 1.11 .0664 -.353 2.50 2.41 .003 
9.0 .385 1.54 .0722 -.336 2.19 2.16 .055 
9.0 .385 L.99 .0733 -.381 1.64 1.69 .130 
9.0 .385 2.36 .0722 -.475 1.19 1.26 .203 
9.0 .336 2.78 .0718 -.588 .74 .81 .260 
9.0 .386 3.35 .0714 -.664 .45 .51 .307 
9.0 .385 3.98 .0714 -.705 .27 .32 .328 

| 9.0 .385 4.73 .0733 -.598 1  •17 .21 .343 

1 9.0 ."463 .55 .0185 | -.508 1 2.65 | 2.53 | -.010 | 
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Table 1 - Continued 

Trim, 
T CA cv CR S CS CHn 

Cd 
deg 

9.0 0.463 0.84 0.0490 -0.520 2.82 2.66 -0.013 
9.0 .««63 1-11 .0787 -.417 2.78 2.63 -.003 
9.0 .163 1.53 .0845 -.355 2.42 2.34 -042 
9.0 .463 1.94 .0880 -.386 1.91 1-91 -112 
9.0 .«»63 2.36 .0884 -.507 1.33 1-41 .198 
9.0 ,463 2.78 .0876 -.630 .94 1-00 .258 
9.0 .U63 3.34 .0857 -.758 .56 -62 .315 
9.0 .«»63 3.89 .0845 -.820 .36 .41 .341 
9.0 .«»63 4.73 .0872 -.850 .22 .25 .362 
9.0 .«»63 5.56 .0892 -.848 .16 .19 .372 

9.0 .5U1 .28 .0038 -.755 2.74 2.56 -.003 
9.0 .5«»1 .56 .0193 -.676 2.82 2.63 -.010 
9.0 .541 .84 .0475 -.590 3.13 2.84 -.016 
9.Ö .541 1.11 .0895 -.455 3.09 2,81 -.008 
9.0 .541 1.53 .0961 . -.384 2.66 2.53 .034 
9.0 .541 1,94 .1004 -.393 2.19 2.16 .099 
9.0 .541 2.36 .1023 -.566 1-56 1.68 .190 
9.0 .541 2.78 .1011 -.665 1.16 1.28 .250 
9.0 .541 3.34 .1011 -.815 .74 .81 .312 
9.0 .541 3.89 .0992 — .47 -53 .354 
9.0 .541 4.73 .0996 — .27 .32 -383 
9.0 .541 5.56 .1027 — .17 .25 .395 
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TADLF.  2 

Calculated Takc-otf Data 

cv o.s 1.0 1.5 2.0 2.5 3.0 3.5 9.0        j 

Velocity 10, S2 21.0«      ' 31.56 92.08 52.60 63.12 73.69 89.16    }l 

Trl« 0.60 1.70 2,50 2.50 3.00 2.90 1.10 0 

1   "" 2.30 3,40 M.20 9.20 9.70 9.60 2.80 1.70 

<L 0.180 0.230 0,260 0,260 0.280 0.27/ 0,209 .0.156 

(I^)a             ' 8. SO 9.20 9.20 9.20 9.20 9.20 9,10 8.10      j. 

q 110 «1*1 991 1,762 2,753 3,969 5,396 7,050   | 

!   La 1,350 6,91B 17,572 31,2«0 52,571 75,000 75,000 7 5,0'Hi 1 

l   ^ 159 752 1,910 3,396 5,719 8,152 8,292 9.2V}    1 

1    CA 
0.592 0.5M7 0.U6« 0.395 0,127 

1   ^ -0.066 -0.061 -0.0976 -0.050 -0.136 F0ILB0RNE 

1  CR 0.012 0.0375 0,095 0.092 0.018 

1   R I   1,986 6,206 7.998 7,006 2,979 0 0 0 

M -150,117 -138,7«»<4 -108,266 -119,800 -309,332 

Lf 680 2.U91 5,630 11,219 26,911 25,000 25,000 25,000 1 

1   Ctf 0.272 0.219 0,250 0.280 0,922 |  0.277 0.209 0.156 

(L^))f i   9*2 9.2 9.2 9.2 8.3 9.2 9.1 8.1 

l    ^ •».5 "♦.o 9.0 9.7 7.6 9.6 2.8 1.7 

1   Df 1   7I* 270 612 1,219 3,182 2,717 2,793 3,086 

1   Df + Da 1    233 1,022 2,522 9,615 8.896 ,   10,869 10,985 12,395 1 

1   R + Df + Da 2,219 7,228 9,970 11,621 11,875 10,869 10,985 12,345 

I   T" 18,100 17,700 16,800 16,000 15,300 19,500 13,800 13,000 

H 8.0 18.0 8.0 8.0 8.0 2,0 2.0 2.0 

1   e |   2.2 0.6 0.6 0.5 2.9 0 o 0            1 

1  NOTE:    Where the hull Is follborne,  tlie air drag of the hull has not been added. 
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• 

ERRATA SHEET 

for 

David Taylor Model Basin Report 2006, July 1965 

Report 2006 - Genoral Resistance Test of a Stopiess Planing Hull with Application 

to a Hydrofoil Configuration: 

The values of Cy and Cj are erroneous and the data required to 

compute correct values are not available. 
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