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NATIONAL ADVISOR Y CO~MITTEE FOE A~RONAUTICS 

ADVANCE RESTRICTED REPORT 

SOkE YAWING TESTS OF A 1/30-SCALE MODEL OF THE ~ULL 

OF THE XPB2M-l FLYING BOAT 

By F . W. S. Locke, Jr. 

SUMMARY 

The results obtained from yawing tests of a 1/30-
scalo model of the complote hull 0:: the XPB2Ioi.l-l (Stevens 
Model No . 404) are shown to be in substantia l agreenent 
with preliminary full-scale flight tests on the flying 
boat. The model tests cover t~e entire range of speeds 
up to get-away, on the basis of the designed gr oss we igh t 
of the flying boat (140,000 Ib). 

Reports of preliminary flight tests of the X?:B2M-l 
flying boat indicated that there was e definite tend ency 
toward directional instability in the vicinit y of the 
hump. The model tests show that tile h"J.ll is ~lnstable at 
speeds up to and just past the hump. It uas found that 
within the range 0v =.2 . 0-2 . 5 the curves of yawing 

moment are discontinuous at sm~ll yaw angles, and this 
has been associated with the difficult y fourd in the 
preliminary flight tests.· 

INTRODUCT I m~ 

It has not been necessary, in the "?ast , to give much 
attention to the directional stabilit y characteristics of 
flying-boat hulls. Gott, in reference I, suggested that 
directional inytability was to be met uith. only occasion
ally. Recently , the reverse has apparently become tr~e. 

At least three modern flying boats have exhibited varying 
degrees of directional instability on the water. 

*Since the tests herein reported W0re cO D1p loted., sm!>.ll 
alterations to the hull , based upon wodel test· findi~gs, 
are reported to have subatantially improved tho diroc
tional stability characteristics. 
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Al t hough the prel i minary :light tests of the XPB2M- l 
had s how.G d ire c t ion 3. 1 i 1 S t <3 b iIi t Y P rima r i l;y in the reg ion 
oft 11 e h u rap, Got t 's e xp e r i en c e had s h 0 V'! n ins tab i. 1 i t Y a t 
high speed . It was thought porth while , therefore , to 
make an investigation which would cover the en~ire range 
of speeds from zero to get - away . This investigation had 
two objectives : 

1. To find curves of yawing moments a~ainst yaw , and 
to attempt a correlation of their shapes with 
the ~eported full-size behavior 

2 . To provide a background for future wo r k 

This investigation , conducted at the stevens Institute 
of Te c hnolo~y , was sponsored by , and conducted with finan 
cial assistance from, the rratio~al Advisory Committee for 
Ae r onautics . 

DESCRIPTION OF~ODEL 

The wodel was built for The Glenn 1. Martin Company , 
to their Drawin~ Eo . R24007B , and was used by them for 
several investi~atioas . It was used for the present iL
vestigatioll , in preference to other models . because it 
was a full model of the hull , com~lete with top and tail 
cone . The body plans ere ~iven in figure 1 . 

The c .nter of sraYity was located in the s-pecified 
lon~itu~inal and vertical positions , and o~ the center
line plane . The model was ello~ed to 9ivot freely about 
both t~e transverse and vertical axes , except in certain 
tests at "_igh speeds . duri.ng which tl1e tri!. engle \7aS 
locked. 

Particulars of the model and of the full - size flying 
boat are listed on page 7 . 

APPARATDS AND ~ROCEDURE 

The mo~el was mounted on bearings in a yoke . The 
b~arinGs allo?ed pitching ~reedom and the yORe could ~e 
adjusted to produce fixed hee l aOLles . The yoke was at 
tached to a staff which allo;ed freedom in yaw Rnd heave . 
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The angular motion of the staff was reatrained by a cali
bra ted s p r in g , t h usa 11 0 ~7 in g d e t e r m i 11 at ion 0 f the y a -:"li ~1 g 
mo~ent . A dashpot ~as p r ovided for damp in g in ya~, which 
so~ e p reliminar y experience had shown to be des irable . 
A s~etcn of the ap p aratus is shown in fi gure 2 and a 
p~otograph in figu~e 0 . 

The calibrated sp ri~g men tioned pr ev ious ly constitu te d 
L1G yaw ing moment dyna;nometer . Tho spring wa s r e l at iv e l y 
wea~, a nd p rovision was mad e for chang i ng its sti f fness . 
T~e magni tude and direction of the yawing momen t , at the 
ru nn ing yaw ang l e , u as determined by noting the difference 
between t l'e angles of ya'·, when stationar y and in mo tion. 
All ~ o~elts and angles a r e referr ed to the uind axis (i . e. t 
to the ~o rizontal plane) . 

Up to about 12 . 5 feet per second (l1alf ~et -a ... ;ay) , 
t h e model uas tested free to tri m accordi ng to the sched
ule of loads p r eviou sly used for a ser ies o~ r e sistance 
t est son the sa m e In 0 d. e 1 t rap 0 r ted in re f ere n c e 2. t. t 
high er speeds the model ua~ tested at fixed t rims, for 
wh ich the loads were calculated from t ~e aerodynami c char 
acteristics of the flyi ng boat . At each spel;;d , suff iciel:t 
tests ~ere made to defi~e the sha~e of the curve of y awing 
moment a gainst yaw angle . espe cially i n the ~e5io~ of 
small yaw angles. When free to triIll, t.:le tr5IJl An('. hea·te 
were recorded. All the tests were r un at zero l eel ane1e . 

whe re 

RE S"ULT S 

The followi nG nondicensional coeffjcients Are used : 

Load coefficient: 

Speed coefficient 

Trimming moment co e fficient 

Yawing moment coefficient 

2eave coefficient 

. 3 
c~ - D/7!b 
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6 load on wate r, pounds 

w Epecific weight of water, pounds per cubic foot 
(62 . 3 for stevens) 

b beam at main ste~, feet 

V speed , feet per second 

g acceleratioll of Gravit~r , 32 . 2 feet per second2 

M trimming moment , pound foot 

1/~ yavJing morilent , pound foot 

h heave at center of gravity (height abore Dosi tio n at 
rest and zero tri::o anGle), feet 

Moment data a re referr ed to the center of gravity . 
~ater trinming moments which tena to raise the bow are 
considered positive . Water yawing moments which tend to 
rot ate the bow toward the right (star · ~oard) are c OLside red 
positive. Yaw angles to right of the course are c onside r ed 
positive . 

Trim (T) is the Rngle b8twee~ the baae lin0 of the 
hull and the llori zoiltal. 

Ya' (0) is the an~le between t~e center line of the 
hull and the course, measured in a pla!1e narallel to th e 
still - water su r f~ce . 

DISCUSSIOJ 

'Ille large chart in fi§:ure 18 is co "(\siclelhcd B.n impor 
tant -(Jressntatj.on of the resul t s ; it provides a comprel"le:l
si78 ~iew of all of the d irec~ional stability character 
istics under the given set 0 particulars . Each enclosed 
r e ctangle (or special she.pe wh0rB lH:cessan) shows the 
cu r ve of yawing moment a g ai-_s'" yaw angle for tho s·peed and 
trim angle indicated by its center. stud:." shows thA.t , i n 
general , here are ~our ty~es of c~rves . Taking the slope 
of the moment curve at zuro y aw an:'10 as 8 meacure of the 
s tability of the flyjn~ boat ill yaw , the four ty~es may 
be defined as follows : 
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Positive stability Negative 

rJe1.:.tral Very sLell positive or zero 

Nesative stability Positive 

"ri ooY.: i ngll instability C lrve ciisco!ltinuous at small a. gles 

It will be seen that t h e hull is d irectiona lly unstable 
u? to acout half the ~et - away spee d . except for a ve ry 
small region. This small re~ ion of positive stability is 
e ~1clo sed by a contour line . The cases of " hoolc in s " in sta
bility occur within a s ~a ll r eg ion. which is also enclosed 
by a cont our line. It will be noted that the region of 
instability starts at zero sn eed and extends e l mos t un to 
the hum!). At speeds above the hump . the hull is stani a 
at ~igh trim an~les . where the afterbody is ~ormally wetted; 
and neutrally s table at low trim angles . where the after
body is normally clear. It would be expected that. once 
this hul l has passed. the hump . no trouble fro~u d irectional 
instability would be encountered . 

The report on preliminary fli gh t tests of th e actual 
XP::a2i~i-l fl y ing bOB.t be::ns out thes e in d ications of the 
:nodel tests . at least in part. It stat es that. at spe ed s 
below t 11 e hun p I II cor.. s t a n tat ten t i 011 rou s t '0 e b i v e n t 0 k e e p 
the flying boat hoaded very close to the COlrSB. an d un
balan ced powe r must be applied rap idl y to check any devia
tion from t he course . If corrective L oment is n ot applied 
rapidly to check the first sign of y awin g . the boa t may 
become unmanag eable . Cro s s- wind taxying may be very nearly 
impossi"':lle. even with ma xi mum unbalanced -power. II As no 
re~a rk s are made concerning directional stability past the 
h1mp. it is assumed that no trouble was experi enced . 

Some of the mo del test resul t s are sho wn in detail 
in figures 4 to 17 . Th e maximum available Doments due to 
full rudder def l ection . with balanced -powe r, are marked 
on these charts . It will ~a seen that at low speeds the 
r udders are not nearly ~ owerfu l e n o~6h to overcome the 
hydrodynamic yawing moments fo r a~y thing more than a very 
s ma 11 yaw . 0 n t l'l e 0 t 11 e r 11 and , at h i g!l S pe e d s, t he a va i 1-
a~le rudder moments are mo r e than sufficie~t to control 
any deviation fro m t h e course . It auo ears . the refore , 
that any further work on directional stabilit y may well 
be cO i.1 ce ntr ated. on the low- and ·nuf.lp - spee d reg io n s. and 
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thA.t , in these rerions, no h~l"p shol1ld be eX"P8cted from 
the RerodynAmic controls . A s~tisf~ctory ~ull should 
presumably hqve n eut ral stRbility qt all sp eo~s . 

Visual obsorvBtions mBde dur:ng th~ tests indicAted 
that the hooking inst~bility in th~ vicinity of the hump 
WRS caused mainly by wRter which ~Bssed over tte after
body sides in the vicinity of tho storn ~ost Ano wetted 
the tail cone . Alt hough sometimos notice~ble undor other 
conditions, this was especially noticeable where hooking 
instability occurred . In one or two of the tests with 
lar?B yaw anfles, at speeds in the vicinity of the hump , 
W-3.ter washed rif'ht over tl e tail far pnouph fo r "'A,rr'l. to 
leave the r ear fun turret out of water , and would "proba
bly have damA~ed the tail surfaC~B on the actual flYin~ 
boat . 

Gott ( reference 1) used li~hter loadings than the 
tests herein re"Oorted , and be used onJ~ relatively larfer 
yawanrles . He found comparatively lArge unstable yawinp 
moments at high sneeds under thesE" conditions . The nres 
ent tests indicate that nrobAbly the same thinr would have 
been f ound had they been carried to hi~her yaw anfles. 
Eirh yaw angles were not consider e d to be narticularly im
"portant at high sneeds for th~ flying boat under investi 
gation ~ecause of the largA availAble rudder monents . 
Gott found that , in general , incrpasinp- tho trim a.ngle 
imp r oved the dir e ctional stability characteristi c s at high 
sneeds. which agroes ~ith th~ findings in the present tests . 

CON C L U SIC 1:;- S 

I. The t yn e 0 fin s tab iIi t y w h i c h g i v e s m 0 s t t r 0 ubI e 
in the full - si ze flying boat shows up as discontinuous 
moment curves in the model ex~eriments - r~fprr~d to as 
"hooking . fl 

2 . ~ate r clin~inp to the aft ?rbody sidos And tail 
c one seems to be the cause of the discontinuous moment 
curve3 , and this is the re~ion in which furthpr work is 
likely to pay (in fact , already has 'Daid) dividends . 

3. In the r egion from just beyond the humn to get 
away , the hull is eithe r directionally s ablo or the avai l
able aerodynamic moments are sufficient for control . 

Steve n s Institute of Technolory , 
Hoboken . N. J . • December 9. 194 2 . 
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P.ARTIClJ:J.P.B.S Aim SPECIFICATlo:m 

Nav~- DesiGn~tion 
I·~artin Hodel _Jo . 
l~arti:..1. D:.'awing No . 
Stevens ;:00..81 :10 . 
Scale 

DiLlensions 

BeD.l1l [1.t nai:1 st ep , inches . . . . . . . . . 
An{;le between forebod.y :;:e81 1:Cl d base linG, 

degrees . . . . . " ..... 
Anf?;le oetv,een afterbody keel and baso 1 ine, 

degrees . . . . . . . . . ..... 
Height of main step at keel, inches. 
C e~'lte2' of g::Dvity fonvard of main step (26 .58 

l)el'cellt H.A. C.), inC~les. . . . . . . . 
Center of gr~vity above base l ine, inches 
Gro G G \·rei r::::tt, 6., pO·Lmd:J . 
Winb sp:m, b, feet . . . . . . . . . 
Wing area , S, Sl1uare feet ..... . 
l.,iean ~.erody:.:.amic ~horcJ. (l'LA . C. ), h:ches 
Horizontal teil area , square feet 
Vertical tail area, squa e f£:et . 
Distan ce, cer·ter of gravit~,. to 35 perce!'tt !,I.A.C . 

horizont:~.l tail (t ail lerwt:l), feet . . 
Thrust line , above base lino at main step , 

inc.10S. . 
Thrl.1.si:; 1 inc, 

a.eGrees 
i nclined upHa:;:d. to base line, 

*All trim an ;18s referred to base liI~.e . 

FLlJ.l Size 

;~B2r!-1 

170 
Rz40078 

]. 

162 

2.0 

5,0 
8 .1 

.70. 0 
146·7 

lUrO,OOO 
200 

3683 
249 
50S 
3)0 

63.6 

230.3 

5.5 

HOllel 

1-1.04-1 
1/30 

5·40 

*2.0 

5.0 
C.27 

2·33 
4. 89 
5·19 
6. 67 
1.! .• 092 
e·30 
O.5G5 
0·389 

2.12 

7· 68 

5.5 
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Aerodynamic Charac~eris ti cs 

L e.t T = 5° . . . . . 
dCL/a T . . . . • . • . • 

dL/d T, pour:.ds per dorree 
dC . CG/ d T ' ay . ) . . . . . 

dlv'CJdT , pOUllC'..- foot :p81' dc?:ree ( !.'ty.) 

d.~CG/ d\J; (ay . ) . . . 

(Thi
CG

/ d\j! ( av . ) 

ClI CG (;:fJ.CtX, ruc!.ci.er force) . 
. ma::c 

Get- mvay speed., feet ::;Jor seccnd. 
Get-?·.va~l C:s 

Get - altny T , debl'ees 

Ratios ]'llll - Size 

Hodel 

1 / 2 

" 5.1;-77 

" ) . 0 x 10 
2 2 

" 9 · 0 x 10 
,,3 3 

27 · 0 x 10 
,,4 4 

81.0 x 10 

6.95 y;>' 

0 .1 OL~:5 . 

0 .458 '[2-

- 0 . 0150 

J..365 v;;;' 

- 0 . 0006 

0 . 546 '112 

1.-)0 
1 .890 

;; . [3 

1 · 585 
-3 

7.72 x 10 y2 

0.1045 
-3 

0 . 509 x 10 y ::J 

- 0 .0150 

5 . 05 x 10-
5 

'11 2 

- 0 . 0006 
- 5 

2 . 02 x 10 y2 

0 . 0148 

23 . 74 
1 . 8S'O 
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