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ABSTRACT 

The effect of re-entrant vee-steps on the performance of planing 
surfaces is analyzed. Formulae are developed for the lift, drag, center 
of pressure and wetted area at high aspect ratio. It is found that the 
lift-drag ratio of the planing surface decreases as the re-entrant step 
angle becomes more acute. 

1 
I 

~ 
j 

I 



I. 

L 
[ 

LR-1142 

INTRODUCTION 

Conventional planing craft usually operate at a disadvantage com­

p3red to other craft which use dynami c support, such as hydrofoil bo3tS 

and aircraft, because the planing craft 1s lifting surface is of ION aspec t 

ratio. Since loN aspect ratio surfaces are relatively inefficient producers 

of 1 ift more area has to be provided for a given lift wi th a resulting 

penalty in lift-drag ratio compared to a high aspect ratio surface, 

The aspect ratio of a conventional planing boat is limited by the 

loN trim at which the boat operates and by the geometry of the planin3 sur-

f I d h • 1· •• Cl 12 h ace. nor er to overcome t e geometric 1m1tat1on ement as suggested 

that planing surfaces with re-entrant vee steps in plan could be operated 

at low trim and high aspect ratio and hence at higher lift-drag ratios. 

In order to explore this possibility a series of tests were run on 

re-entrant step planing surfaces at the Davidson Laboratory and the results 

published in a data report. 1 The prismatic models were of one foot beam 

and were made of 1/2 inch thick transparent plexi-glass. Three 20° dead-

• f h • ' 1 d d 1 of 60°, 120° d rise sur aces av1ng inc u e re-entrant vee step ang es an 

180° were tested together with a fourth 10° deadrise surface having a 

60° re-entrant step. The tests were made at constant trim and draft and 

at a speed of 34.0S fps (C = 6.o). A trim range of 2° to 12° was covered 
V 

and the m~an wetted lengths ranged from 0.13 to 1.31 beams (aspect ratios 

7.7 to 0.77) and at each condition the lift, drag, pitching mo~ent and 

wetted area was measured. The dynamic wetted areas were obtained from 

overwater photographs of the wetted area taken through the transparent 

model by a camera mounted above the model and travelling with it. 

The anticipated improvement in performance of re-entrant step 

planing surfaces depends in part on the assumption that the planing 

formulae devel0ped for low aspect ratio transverse step planing surfaces 

are applicable to high aspect ratio re-entrant step surfaces. In order to 

check this assumption and to obtain a rationalization of the experimental 

data the foll0',-1in3 analysis of re-entrant step planing data was supported 

by the Bureau of Ships. 
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NOMENCLATURE 

A aspect ratio, 

a effective lift-curve slope, per radian e 

b beam, ft 

drag coefficient norma 1 ized 

drag coefficient norma 1 ized 

lift coefficient norma 1 ized 

1 if t coefficient norma JI zed 

C I 
L sect iona 1 lift coefficient, 

skin friction coefficient 

0 drag, lb 

K induced drag factor 

L lift, lb 

on beam, 

on area, 

on beam, 

on area, 

Eq. ( 13) 

0/l p V2b2 
2 

011 P v2s 2 

L/l V2b2 2 p , (>.mCL) 

ui P v2s 

p po,ition of the center of pres;ure forward of the mean step 
measured along the keel, beams 

S projected wetted area bounded by stagnation line, chines and step, 
measured on a plane normal to the centerline and containing the 
kee 1, ( b>. ) sq.ft . m 

s maximum wetted beam in chines dry planing, beams 

V horizontal velocity, fps 

w wave rise term, Eq. (7), beams 

V 

deadrise angle, deg 

included angle of re-entrant step projected on a plane containing 
the keel, deg 
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h3lf the inc)ujed angle of the stagnation line projected on a plane containing the keel, deg 

chine wetted length, distance from the mean step position to the intersection of stagnation line and keel, measured along the chine, beams 

keel wetted length, distance from the mean step position to the stagnation line at keel, measured along the keel, beams 

distance from the mean step position to the stagnation line measured along the 1/4 beam buttock line, beams 

2 ~ean wetted length, S/b , beams 

1 reference length, 2 cot T tan~, beams 

mass density of water, slugs per cu.ft. 

trim angle, angle between keel and horizontal, deg 

3 



LR- 1142 

WETTED AREA 

Since the aspect rat io of a planing surface is determined by the 

shape of its wetted area it seems appropriate to begin this analysis with 
1 

a discussion of the wetted area data found in the experimental phase of 

this study, A knowledge of the wetted area is in any event necessary for 

performance prediction. 
1 

The wetted areas were determined by a new method believed to be 

more accurate than that used previously, particularly at high aspect ratio 

(~hort wetted lengths) and is described in the earlier report, The shape 

of the wetted area was found to vary in an unexpected manner as the aspect 

ratio increased, 

Consider the above sketch of a transverse step planing surface at 

fixed trim, looking normal to the keel, in the chines wet and chines dry 

condition. It has generally been supposed that the angle 8 of the ,tag­

nation line is constant for all wetted lengths and on this assumption it 

fo 1 lows that: 

Chines wet: 

Chines dry: S • 2 \ tan 8 (2) 

when ~K • i cot 8 then ~C • 0 and S • (all linear dimensions are 

normalized with respect to the beam). The experimental values of AC and 

S as a function of AK are shown for the 20° deadrise transverse step 

4 
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surface at various trims on Fig. 1. The chines dry data has not previously 
been published and is given in Table 1. 

Table 1 

Wetted bea~ in chine dry planing - B = 20°, y = 180° 

4° Trim 80 Trim 12° Trim ---
>..K S >..K s >..K s 

o.45 0.28 o.4o 0.54 0.30 0.50 
0.90 0.54 0.50 o.66 o.4o o.66 
1.00 o.64 0.60 0.80 o.44 0.76 
1. 21 0. 80 o. 71 0.90 o.48 o.84 
1.30 o.84 
1.46 o. 94 

The straight lines implied by Eq. (1} are sho~n and it is evident that for 
chine lengths less than one beam the angle 8 decreases as the wetted 
length decreases. This aft rotation of the stagnation line ceases after 
the chines become dry -- as is necessary from considerations of similarity 
and then the stra ight line relationship of Eq. (2) is followed. 

Thus it appears that two constant values of 8, or of >..K - >..C, 
must be sought: one applicable for long wetted lengths and the other 
applying to the chines dry condition. MorP.over the transitional behavior 
at short wetted lengths has to be considered. 

The Value of >..K - >..C at Long Wetted Lengths 

It is well known that due to the phenomenon of wave rise about a 
planing surface the difference between keel and chine wetted lengths at 
speed is less than its static value. 

5 
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The static value of this difference may be used as a reference length and 
is given by 

1 AR• 2 cot T tan~ (3) 

All the data presented in Ref 2 to 5 shows .that difference between 
the keel and chine wetted lengths is constant for a given trim over a range 
of chine wetted lengths from one to seven. This data is summarized in 
Table 2 where the average value of AK - AC and the number of data points, 
N, is shown for each trim at deadrise angles of 20°, 4o0

, 50° and 70°. 
(Shuford 1s3 data for ~ • 40° has been omitted from Table 2 since it is 
inconsistent with all the other data, see his Fig. 18b). 
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deg 

2 

4 

6 

9 
12 

18 

24 

30 

34 
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Tab le 2 

Average Values of \ - AC (~C > 1.0) Ref 2-5 

t3 = 20° 

N AK - AC 

8 2.94 

30 1.42 

31 1.01 

33 o.45 

20 o.26 
20 o. 19 

14 0.12 

7 0,09 

16 3.45 

17 2.29 

31 1.02 

34 o. 71 

26 o.41 

26 0.30 

3 5,06 

1 0 3 .44 

16 2.18 

20 1.60 

18 0.92 

30 0.60 

16 0.35 

A simple equation fitting all the data is: 

2 5,31 

3 3.84 

6 2.50 

13 1.65 

21 1.27 

The average values of AK - AC are shown plotted on Fig. 2 and 3 as a 

function of AR and the lines given by Eq. (4) are also shown. 

It has generally been assumed that the difference AK - AC can 

be deduced fr.om the two-dimensional wave-rise given by Wagner's expanding 

plate analogy (see Savitsky6 for instance) and this leads to: 

( 5) 

This line is shown on Fig. 2 and 3 and as may be seen does not agree with 

the data. It should be noted that the use of Eq. (5) can lead to errors 

of the order of 15% in wetted area at practical values of trim and dead­

rise. 

From Eq. (4) it follows that a suitable expression for the chine 

wetted length as a function of keel length for long wetted lengths is: 

). • >. - w C K 

where w • (0.57 + 0,001~)().R - 0,006~) 

7 
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The Variation of Chine Wetted Length with Keel Length 
at Large Aspect Ratio 

The aft rotation of the stagnation line implied by Fig. I increases 
as the wetted length becomes smaller and hence, since shorter wetted lengths 
can be ac~ieved by re-entrant step surfaces, is more marked for the re­
entrant step surfaces. For these surfaces the various wetted lengths are 
defined as shown in the fo1towing s~etch: 

• I 14 ... . p .- . ~-::...., 
.,I 

I 

II 

II 

The variation of chine length with keel length is shown on Fig. 4 
for the 20° deadrise surfaces. This data is fitted by the follo~ing 
empirical formula which is shown on the figure: 

(8} 

where w is given by Eq. (7). Equation (6} applies for wetted chine 
lengths greater than one beam and Eq. (8) is a generalization which applies 
for all wetted lengths. 

From Eq. (8} it is possible to calculate the two 1 imiting values for 
the included angle of the stagnation line; one applyingto long wetted 
lengths, being independent of step angle, and the other more acute angle 
applying to chine dry planing; as is done in the following table for a 
20° deadrise surface. 
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Table 3 

Included Angle of Stagnation Line 
Trim y .. 180° y = 120° y = 60° 4 3 7. 8 34.9 37.8 33.9 37.8 31. 5 6 55.5 49.7 55.5 47. 7 55 .. 5 43.3 8 71 .9 • 62. 7 71.9 59.8 71.9 51. I 10 85.6 .... 73.5 85.6 69.6 85.6 60,9 12 98.6 . g3_5 98.6 78.7 98 .6 68. J 

. 
Mean Wetted Length 

As has been observed in previous planing studies the stagnation line is slightly curved. From the data in Ref I it is found that, regard­less of wetted length, trim, deadrise and step angle, 

(9) 
If it is assumed that the shape of the stagnation_ line is given by a second degree curve it follows that in general the mean wetted length is given by: 

( I 0) 
Thus using Eq. (9) a general expression for the mean wetted length is 

' 
( 11) 

9 
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ANALYSIS OF LIFT 

An attempt was made to analyze the lift along the lines used by 

Shuford. 3 While Shuford 1s formulation seems to be satisfactory at high 

trim and long wetted length it is not too accurate at small trims, Since 

the effect of the re-entrant step on the lift is small it seemed neces­

sary to obtain a more representative rationalization of the high aspect 

ratio data in Ref 1. It should be noted that the follo-"'ing formulation 

applies for aspect ratios of a half and greater (wetted lengths less than 

two beams). 

It is assumed, by analogy with wing theory, that the relationship 

between lift, trim and aspect ratio for "large" aspect ratios should be 

of the form: 

and hence 

where 

a -r 
e 

C • -----L + a K/TTA 
e 

a • effective lift curve slope 
e 

K a induced drag factor 

( 12) 

It is believed, for re;.1sons discussed by Brow/18 that the planing lift 

should properly be normalized with respect to the horizontal projection 

of the wetted area, whereas CL is defined with respect to the wetted 

area projected on the keel plane, It is further believed that the lift 

varies linearly with the sine of the angle of attack. Incorporating these 

two modifications in Eq. (12) gives: 

ae sinT cos-r CL 
CL • 1·+--a-K-/TTA-- • -,-♦-a---K/_TTA_ 

e e 

In order to make a graphical presentation of the data Eq. (13) is re­

arranged, noting that A CL •CL, to give: 
b 

1 1 
- • - (A + a K/TT) 
CL CL e 

b 

( 13) 

( 14) 

Thus a linear relationship between 1/CL and aspect ratio should hold 
b 

for given trim at "large" aspect ratio. 
10 
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The available data
1 

is shown plotted in the form suggested by Eq. (14) on Fig. 5, 6 and 7 for the 20° deadrise surface with re-entrant step angles of y • 180°, 120° and 60° respectively. The expected linear relationship is obtained and CL is calculated from the slopes of the lines giving the following values: 

Tab le 4 

Experimental Values of Cl 

Trim, deg. y .. 180° 

0.054 
4 

6 

7 .6 
8 

10 

12 
12* 
i8* 
24* 

30* 

o. 100 

o. 149 
o. 191 
0.219 
0.24 I 

0.367 
o.458 
0.521 

0.052 
0.091 

0.136 
0.181 

0.227 

+. 2 Data from Chambliss and Boyd 
From Eq. (13) it is expected that: 

y = 60° 

0.044 
0.075 
o. 103 

o. 143 
o. 182 

and this is shown plotted on Fig. 8 for 20° deadrise. A similar pre­sentation for IC
0 

deadrise and 60° re-entrant step angle is shown on Fig. 9. 

The lines drawn on Fig. 8 and 9 are of the form 

where, from the analysis of this and other planing data 

ae • 1.68 (I - o.4 tan~)cos~ 1 + s~n{y/2) 

11 

( 16) 
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sin T • 0. II (tan~ - 0.09) 0 

Moreover it was found that the induced drag factor is given by: 

2 sin Y/2 K = cos~ 1 + sin y/2 

Since Eq. (13) can be put in the form: 

C1 A L m 
CL b • ~.---a-K~A-/TT 

e m 

( 17) 

( 18) 

( 19) 

it follows that the effect of making the re-entrant step angle more acute, 
which diminishes CL, is to reduce the lift at a given wetted area. 

While the re-entrant step has an adverse effect on t·he 1 ift, this 
effect is not too marked at small trims. The experimental lift values 
for a trim of 6° are shown plotted on Fig. 10 as a function of mean wetted 
length for step angles of Y • 180°, 120° and 60°. The curves shown on the 
plot are calculated from Eq. (19) with Eqs. (16), ,17) and (18). 
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DRAG ANALYSIS 

The drag of a planing surface is generally taken to be of the form: 

(20) 

The frictional term is complicated by a number of considerations. The 
pressure under the planing surface is not uniform and there exists a com­
plicated velocity distribution. Moreover there is a steep favorable 
pressure gradient inmediately behind the stagnation line and consequently 
a con$iderable region of laminar flo~ may persist to quite high Reynolds 
Numbers. 9 The flow lines do not stream directly aft but diverge due to 
pressure field so that the selection of a characteristic length is obscure. 
These considerations make it difficult to establish representative values 
for Reynolds Number and skin friction coefficient. 

Compounding this uncertainty is the fact that the planing surface 
generates a lateral sheet of spray ahead of the stagnation line which 
moves over the surface and whose velocity vector rotates in a horizontal 
plane from an aft direction at low trim to a forward direction at high 
trim. lO This spray may increase the drag at low trim and decrease it at 
high trim. 

Unfortunately it is not easy to obtain experimental clarification 
of the behavior of the frictional component. Equation (20) can be 
restated in the form 

' c0b - Clb tan T • AmCf(t,~,Am,CL) (21) 

and experimental data2 for a 20° deadrlse surface at trims of 6° and 12° 
Is shown plotted in this form on Fig. 11 and 12. While the anticipated 
increase in effective wetted area at low trim Is evident on Fig. 11 it 
is clear that there is some latitude available in fitting a line to this 
data and hence in determining the skin friction coefficient. It should be 
remarked that it Is difficult to determine the skin frl -ction coefficient 
experimentally even when a large range of wetted length is covered and It 
should be po:siule to establish a trend line. When only small wetted 
lengths are Investigated, as in the present study, it becomes dven more 
difficult to find the skin friction coefficient. 

13 
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In the cas e of t he re-entrant step planing surface it is implied 

by Lippisch
11 

t hat t he effec tive removal of the low pressure wetted area 

a t the aft end of the surface should result in a reduction in drag for 

a given lift, Analysis of the data does not bear out this expectation, 

One case at 6° trim is illust rat ed hy Fig, 13. In genera l all the data 

shO'NS the sc.1rnc trend -- an increas e in the total drag at a given lift 

coefficient as the re-entrant step angle becomes more acute, 

In view of the preceding arguments and the fact that the force 

measurements were m~de at small wetted lengths, it is thought that the 

experimental evidence for the increase in drag as the re-entrant step 

angle t?comes more acute is not conclusive and should be subject to 

further investigation, On the other hand there now seems to be little 
'· 

likelihood of a drag reductioh, 

CENTER OF PRESSURE 

The position of the center of pressure as a function of mean wetted 

length is given by 

p = 0.7 >. 
m 

and applies at all the conditions tested, 

14 

(22) 
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DISCUSSION 

Lift/Drag Ratio 

Interest in the re-entrant step planing surface stems from the 
fact that, as pointed out by Clement 12, such surfaces can be operated at 
higher aspect ratios than conventional transverse step surfaces. While 
an increase in aspect ratio wi II usually result in increased efficiency, in 
the case of the planing surface making the step re-entrant entails a 
reduction in lift curve slope that more than offsets the improvement 
antic'ipated from the increase in aspect ratio. 

A measure of the efficiency of a lifting surface is the lift/drag 
ratio. Assuming for the purposes of illustration that the drag is given 
by 

CD• CL tan T + 0.003 (23) 

and the lift by Eq. (13), (15), (16), (17) and (18), the variation of 
LID with aspect ratio ls sho·.-1n for a 10° deadrlse surface with a trans­
verse step, and with re-entrant step angles of y • 120° and 60° at a 
trim of 4°on Fig. 14. The lift/drag ratio increases with aspect ratio 
up to the point where the stagnation line crosses the chine at the step. 
This point represents the maximum aspect ratio attainable for the surface 
and hence the maximum lift/drag ratio. 

It is evident that the efficiency of the planing surface progres­
sively decreases for all aspect ratios as the re-entrant step angle becomes 
more acute and in particular the maximum lift/drag ratio attainable simi-
1 arl y dee reases. 

Wetted Area 

While the bulk of this study is concerned with surfaces planing at 
wetted lengths less than one beam a widef range of wetted length was 
studied in order to define the wetted ,rea. 

The deficiency of the Wagner wave rise formula as a means of pre­
dicting chine wetted length has been pointed out in a number of reports, 
Ref 2 to 5. It ls believed that Eq. (4) is a significant improvement over 

15 
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earlier formulas for chine wetted length, covering as it does a range of 
trim from 2° to 34° and of deadrise from 10° to 70°, moreover the equation 
is simple enough to be useful in routine computations. 

Lift 

The 1 ift formula was specifically designed to fit the data obtained 
from the experimental study of re-entrant step planing surfaces. 1 While 
the trends indicated by other data reports, Ref 2-5, were considered it 
did not seem practical or necessary to analyze all this data in order to 
determine the effect of the re-entrant step. The data in the cited reports 
was obtai"ed from planing surfaces having a beam of 4 inches. It is 
believed that the lift data obtained with a 12 inch beam using over-water 1 
photographs of wetted area is more reliable, particularly at short wetted 
length. In any event there appear to be ano~alies in the existing body 
of data, (for instance see Shuford 1s3 Fig. 35 which sho·11s that a 50° dead­
rise surface has a constant lift coefficient at given trim regardless of 
wetted length) which make it difficult to obtain a unified planing lift 
formula which is also accurate and make it desirable to obtain more 
experimental evidence. 

The decision to limit the analysis to large aspect ratios condi­
tions the form of the lifting equation. While it is thought that the 
resulting equation is sufficient for the purpose in hand, namely the eval­
uation of the re-entrant step, some features of the final formula merit 
discussion. The lift formula is, from Eq, (13), (15), (16), (17) and (18): 

where 

a (sinT - sinT) COST e o 
CL • -, + a K/nA 

e 

a • 1,68 (I - 0.4 tan~)cos~ 1 + sin(y/2) e 2 

sinT • O,ll(tan~ - 0,09) 0 

2 sin /2 
K • cos~ !+sin y/2 

(24) 

(25) 

(26) 

(27) 

The basic formula ., Eq. (24), is conventional in structure but the sug­
gestion of a positive no-lift angle on a flat planing surface is unusual, 
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However the evidence for the existence of a finite no-I ift angle presented on Fig. 8 and 9 seems quite conclusive. This impl ies that at some small positive tr im the 
1

high aspect ratio' lift is zero; the magnitude of the no-lift angle being given by the empirical formula Eq. (26). For a 20° deadrise surface the no-lift angle is 1.72° and if the chines are wet the mean wetted length cannot be less than 1.85 beams, thus the aspect ratio is 0.54 and practically outside the range of high aspect ratio planing. It should also be remarked that ~t this lo'N trim the included angle of the stagnation line is less than 16°: it seems plausible that when the sweep­back of the stagnation line becomes so large, i.e. 82°, the linear lifting term should cease to contribute effectively. Although the linear term is zero there could sti II be a contribution at very large wetted length due to cross-flo,1, ho·,1ever since this latter term varies as the square of the sine of the trim angle its contribution at a trim ~f l.72° is uni ikely 
to be significant. 

It has long been kno,1n that the theoretical lift-curve slope of a two-dimensional planing surface is n, for instance see Pierson•s 13 development of Wagner's theory. In practice there seems to be little similarity between the theoretical predictions of planing performance and the experimental realizations. The expression for lift-curve slope given by Eq. (25) is an empirical formula which seems to fit the data. The decrease in lift-curve slope as the re-entrant step angle becomes more acute represents the experimental findings. Lippisch 11 also forecast a decrease as the step was swept back, ho~ever he finds that the lift falls off like sin(Y/2) rather than the factor [1 + sin(y/2)Y2 of Eq. (25), thus lippisch expects sweepback to h3ve an even more deleterious effect 
on the I ift. 

Drag 

The drag of a re-entrant step planing surface is no less than that 
of a transverse step surface. 

A brief review of the data on planing surface drag suggests that there is little experimental support for the more complicated forms of the drag equation that have been put forward. For engineering purposes 

I 7 



LR- l 142 

the drag may be calculated from: 

(28) 
where the skin friction coefficient is taken from the Schoenherr curve and the Reynolds Number is based on the forward speed and mean wetted length. Whatever the theoretical arguments there exists little experi­mental support for refinements of the above equation, such as allo·11ing for the difference between the forward speed and the mean velocity under the surface. 

On the other hand it seems desirable to make more precise measure­ments of the drag of planing surfaces. While the data on the re-entrant step surfaces shows no beneficial effect on the drag, being if anything somewhat adverse, the data from other sources is not only s~attered but at times surprising. For instance Shuford 1s 3 Fig. 16 indicates skin friction coefficients of the order of 0.01 at high trims and wetted lengths at a Reynolds Number of 7 million. 

Since a more sophisticated formulation of planing drag than that given by Eq. {28) is often ~sed it would seem advisable to subject such formulae to experimental verification. 

18 
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CONCLUDING REMARKS 

From an analysis of the C = 6 data obtained by Bro,1n and I V 
Van Dyck on deadrise planing surfaces with re-entrant vee steps, extended 
by existing data in the Ii terature, it was found tha t: 

I. For aspect ratios greater than 0.5 (mean wetted lengths up to 
) • 0 0 2 beams deadrise angles up to 40, trims up to 12 and 

re-entrant step angles of 60° or greater, the lift is given 
by: 

a (sinT - sinT) COST 
CL 

e 0 = 
I + a K/TTA e 

where ,. 1.68 (I - 0.4 tane) I + sin{y/g}_ a cose e 
2 

sin T = 0. 11 (tane - 0.09) 0 

2 r- in /2 
K -· cos t3 T + s in y / 2 

2. The drag is given by: 

and is invariant with step angle 

3. The distance of the center of pressure forward of the mean 
step position is given by: 

at all ~onditions 

4. The r.-1ean wetted ler,gth may be calculated from the kee I and 
chine wetted lengths: 
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5. The relationship between keel and chine wetted length 
is given by 

AC• (AK - w) - 0.2 exp [- (\ - w)/0.3] 

where w • (0.57 + o.001~)(AR - o.006~) 

AR • 0.5 cot T tan~ 

the exponential term being negligible for chine lengths 
greater than one beam. 

6. The lift/drag ratio of re-entrant step planing surfaces 
is significantly lowr than those with transverse steps. 
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RECOMMENDATIONS 

In view of the trend obtained with the re-entrant steps and the 
• d d b S • k 14 ' • d d h d b d ev1 ence presente y av1ts y 1t 1s recomnen e tat a stu y e m3 e 

of the performance of pointed vee-step planing surfaces. It is con­
sidered that such surfaces might h3ve a higher lift-curve slope than 
transverse step surfaces. 

The program of research on planing characteristics initiated by 
the National Advisory Conmittee for Aeronautics has resulted in a body 
of planing data which is particularly suited to be of use in the design 
of water-based aircraft. Planing performance at the loN trims and low 
deadrises comnonly met with in planing boat design is not thoroughly 
documented in the existin3 literature. 

A brief review of existing planing drag data leads to the conclu­
sion that this data is lacking in precision. There is therefore little 
experimental support for any but the simplest formulation of planing 
drag. 

The above observations indicate a need for the acquisition of 
further planing data covering a range of variables more appropriate to 
planing boat design . Such data should be obtained using models having 
a beam larger than the 4 inch beam of the NACA series and emphasizing 
precision of drag measurement. 
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Fig 5 
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Fig 11 
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Fig 14 
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