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An icvestigation was  conducted t o  determiEe the   e f fec t  on the low- 
spee6 r e s i s t ame  and spray  characterist ics md s t a t i c   t r ansve r se   s t eb i l i t y  
013 e. zociification which extended the bow of E. *-s ize  node1 of a nose- 

inlet  transonic  seaplare  configurEtion. The investigation vas =de with 
md w i t h a i t  t i p  floats. 
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An increase in bow length of  0.6 bean decressed  the hump resistance 
qp?ox i rc t e ly  50 y r c e n t  and inproved the low-speed spray  charecterist ics.  
Removal of the  wing-tip  floets  reduced  the  resistance  prior  to hung speed 
bu-b had l i t t l e   e f f e c t  on the hump resistance.  A r o l l  aagle of 8' with 
t h e   t i p  f l o c t s  off   resul ted  in  a s t z t i c   r i gh t ing  m0nen-l equal t o  t h a t  
provided by fdl submergence of t h e   t i p   f l o a t ,  w3ich occurred at a r o l l  
angle of GO. 
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INTRODUCTION 

The resu l t s  of sz1 investigatLon of the aerodynamic and hydrodynamic 
characterist ics of models of two transonic, nultljet, water-based air- 
craTt were reported  in  reference 1. The trensonic mea ru le   ( r e f .  2 )  
w a s  used as 8 guide in  shaping these  bodies. In a n  attempt t o  achieve 
minimun transonic &reg r i s e  m d  low wave drag at susersonic  sgeeds,  these 
k i l s  were given  high  fineness  ratios m-d s m 1 1  hall cross-sectional 
n e e .   I n  the in te res t s  of  aero&pzanic cleanmess, wevious  hydro6ynmic 
design  cr i ter ia  were deliberately  violated.  For the  nose-illlet  configu- 
ra t ion  the bow height  vas  kept low, engine  illlets were placed  close  to 
the  water, fore'oody ver-licel  chine  strips were Taded cut  short  of the 
bow, m d  the hull siZLes were bulged above the  chines by engine  ductlr-g. 
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Wirg-tip f loa t s  were retained  for  both  conliguretions, altlnough they were 
ham t o  ad& ap9reciable drag at transonic  speess. 

As muld be  expected, soIce undesirable hydrodymmic characterist ics 
were encoun%ered. As shorn in  reference I, %he hump resis tarxe of the 
nose-inlet  coafigza+uion w a s  high, the  clemance  of  'the  cos8  inlet at 
low s2eeZ was mxgiral ,  and the low-speed spray ar-d flow on the forebody 
were heavy. 

The presext  gaper  deds  with a mdif ice t ion  of the  nose-inlet con- 
f igurzt ion  to  imcrove %he lov-speed, f ree- to- t r i l r   res is tame as well as 
the low-speed spray  cheracterist ics.   Included  in  this  investigetion 
was "Ye efzect o r  wing-ti? f l o a t s  on the low-speed resistance. The 
s ta t ic   t ramverse   s%bi l i ty   ( r igh t ing  mo3en-l at r e s t )  of t i e  hu i l  and 
w i g 4  with and vithout   5ip  f loats  was d s o  determined. 

Ee e l en to r   &f l ec t ion   r e fe r r ed   t o   s t ab i l i ze r  chord, posit ive when 
%rai l ing   eQe i s  bo=, deg 

6f fSap  deflec<ion,  referre8 t o  wing chord, posit ive when trailing 
edge is dom, deg 

6s stebi l izer   def lect ion  referrea  to  forebody keel E& step,  posi- 
t ive  wheo leeding e&e i s  up, deg 

A0 gross load, lb 

DESCRIPTICN OF XOmL 

The 1/15-size t5ynani.c rr??del of the basic  nose-idet  configuration 
of  reference 1 w a s  a l tered so as to   increese the forebody  length  by 
0.6 beas, with no ir-crease in the m x b u m  cross-section&  area of the 
hil. The I"ine3ess m t i o  of the equivalent body was thus  increased t o  
12.9 f r o n  12.5 for the basic  configwa-Lion. The forebody  chines were 
e-xtendecZ d l  the way forward cn the   mdYied co-digmat ion. The duct 
i n l e t  w a s  raised and ex-kended forwmd bEt the ugper ?ortion of the  duct 
a d  t h e   d t e r e d  cmo>y were r o t  coqletely  s imulated  for   the tmk te s t s .  
Pl?otographs of the  basic- and the extended-bow configuations  are shown 
ir- f i g w e  i. The general-arrangement and hLLL1-lines drawings of  the 
tvo configmations  me shorn in   f igxres  2 and 3, respectively. All 
dinensions are give1 Ln f..iLl size.  
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The longitu6inal  distribution of cross-sectioml mea was m i n -  
tailzed snoot'r. and fair fo r   t he   a l t e r ed   bow as s h m  in   f igure  k .  The 
rnodification was faired out at appro-tely 65 f e e t  (full size)  behind 
the  or iginal  bow. 
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A descri2tion of Imgley tenlr no. I and the  towtng cerrisge is  
given in reference 3. The node1 was f i e e  t o  trim and ?ree t o   r i s e   b u t  
was otherwise  restrained f o r  these  tes ts .  Trim d r i s e  were taker as 
zero Then %he forebody keel  E t  the   s tep was  tmgent   to   the  unafsturbed 
water  surfece. 

The free-to-trim  resistmce of the  coqle- le  model, inciudir-g .zir 
dreg of the model uld towing staff, was determined f o r  va iazs  stabi- 
l i z e r  m d  elevator  deflections  over 6, range of constent  speeds  with 
0' flep deflec-lim. Tie air drag of the towing staff vas subtracted 

greghs were obtained  during  these runs. 
- as a tme frcn the   t o t e l   r e s i s tmce .  S p r q  observations ant5 photo- 

- T r h ' a n d   s t a t i c   r o l l f n g  moment were recorded  with  the -Lip f l o a t s  
on end off. The mdel w e s  momtea  free-to-trim 011 a 3ynmne te r  fixed 
t o  the towing staff vhich rr?easmed t i e   r o l l i n g  moment f o r  a range of 
se t t ing  of the roll aagle. r 

XESiJIZS AND DISCUSSION 

All values as presented axe full size .  

The to ta l   res i s tance  md the  corresponding t r b  m-d rise or" the  
extended-bow con3gurztion md the basic coofigmetion for various 
elevator and stzibilizer CieTlectioos are  shown i n   f i gu re  3 with Oo f la-gs 
and EL gross load or" 160,000 pounds up -Lo e sseed of qprox5mately 
100 ktlots. Tne r e s i s t r r ce '  of the extended-bow configuretion was 
E.pproximately 50 percert  less t h a  tha t  of the basic  configuration, 
increasing the huqs gross-ioed-total-resistmce r a t i o  from 2.3 t o  4.5. 
The s2eed a t  which i-?unrp resistance  occwred  increased f r o m  48 -Lo 55 h o t s  
when t'ce bow w.zs exLended. A t  speeds above 100 h o t s  the  modified  por- 
t ion  02 the hull wes not wetted .znd no significctrit  IlifZerence i n  results 
vould be expected. 

I Increases i n  both trlb and r i s e  occurred  prior t o  h u q  speed as z 
result of the bok- exbension a d  were accoEparlled by e l h h a t i o n  of flow 
abcve the  chine md cver  the  bulge of  the fcrward engines  th&t had  been 

- 
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presezt 01"- t'ne basic  configwatizn. T'ne decreaseti  resis-lame r e s u t e a  
frorr. t h e  higher trh" U-gLe, the  lesser  wetted =ea, an& the  e lMna%ion 
or' the flov along  the  transverse cu-rvetilre cf  the  forward  engines. 
kprcveaent was elso raarlred in  the  greeter  ciearm-ce of the  engine ill- 
l e t s  frm t3e bow spray. 

The %tal resistzisee, t r i m ,  and r i s e   f c r  E. gross load of 
200,000 pounds (25-2ercen-L zverload) a2-d 0' fla-gs are presexked i n  
Tiowe 6. The speed fo r  ~LT-? resistence  remice2 about 55 krots. The 
gross-Icad-hump-resistance ratLo i s  ebout 3.3  as coxpared  with 4.5 at 
a gross Loa2 of 160,303 pour,ds. Spray at this  overlosa  konditioo was 
s t i l l  eccepteble,  althougb l i t t l e   r e s e r v e   c l e w a c e  of the  ewine ir- 
is% is  availzble  for  operation  in waves. 

The efiec-l of r emving   t i p   f l oa t s  on resis+,ulce, t r i m ,  err& r i s e  
i s  shs-m ir! E g n e  7. Pr ior  tc h u q  speed (epsrcximtely 55 knots) a 
slight  fncrease  in t r i m  resulted Zrom t'ne removal  of t h e   t i p   f l o a t s  and 
e. decrease in  resistance wzs roted. The decrease  in  resistance was 
apprsx3atelg 2 C  percer-t at 40 kmts end 11 percent &t 35 h o t s .  There 
k-as l i t t l e  charge ir, the  hkp  res is tance.  Without the  displaceaent of 
t he   t i p   f l oa t s ,  The kc11 rises  slightLy  deeper  in  the  vater a t  l o x  
speeOa but   r i ses  sorcewhaz f a s t e r  as +,'lie model trim .higher a t  hunp 
speed wi-lhout tke  restr&iri_r-g  negative nonent of the  Tloets. 

Sprzy phozogrqhs of the  Sasic and the extencled-bow corS'igura-bions 
s r e  sho-tm- in   f igures  8 and g(a) ,  respectively. A t  22.9 knots  the 
greater  clearance of the  engine  inlets of the extended bow ahead of and 
ebove the bow sgray is visible .  Also evidezt i s  the  effectiveness of 
<!-LC baw extelsion  in  greventing flow above the  chines md over the 
ducts. Approximately a 22-3ercent r ewc t ion  i n  resistance w e s  found 
at t h i s  speed. 

k t  4C.l h o t s  %he extended bow corfiguration had greater  engine- 
i n l e t  cle&rance a d  less  spray on the  sides and wing. A t  this  sseed 
there was e reduct im i n  r e s i s t a x e  of 56 percect. At 57.2 'mots 
l i t t l e   d i f f e rence  ir the.spr2y  patterns i s  noted. 

The effect  on the s2rEty cf renovai of t h e   t i p   f l o a t s  may be' 
cbserved  5y  coqe~iiilg g(a) and g(b). As a r e su l t  of the 
renova1  cf  the t i p  floats there  aspems  to be 'neevier flaw along the 
sides of the  dterbody  prior $0 haq speed.  This  difference i n  flow 
night be  expected f rcn  5he sl2ghtly higher t r i w s  and Jail lcads 
resul t ing when the t i 2  f loa t s   a r e  removed. 

Tle static rolling moxent for a range of ro l l   a rg l e s  aod the  cor- 
responCiir4 tr in with <he t i p  floafs on en15 off  are  presented  in  fig- 
ure 10 f c r   c k e e  gross loads. Xith the t i p  f ioa t s  off, the  upsetting 
mcaenk resui.tLng fro= %he negative  nefacex5ric heLght Fs not balmced 
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by the wing rightizg monent -atil a r o l l  angle of 4" is reached a t   t h e  
norrzl-load  cor?diticn. The righting moment of the t i9  floaz f u l l y  sub- 

4 i o  
merged at a r o l l  angle of 45 is  equaled by she moruezt due -io the wing 
buoy~ncy  wtth  the ?loat ofl" et ar? angle of roll of 8' i n  the normal- 
load condizion. At heavier  gross-load conditions the  r ighting momgnt 
, -i'L - 
H - L ~  cr  without tis floats  increases with load  f o r  a given  angle .of r o l l .  
The t r i ~ s  e re   t he   sme  o r  s l igh t ly   g ree te r   wi th   the   t ip   f loe ts  off as the 
model i s  rolled.  

4 modification  extellding  the bsw and ve r t i ca l  chFne s t r i p s  of the 
nose-inlet  transonic seEtplane configuration was found t o   r e s u l t   i n  s. 
50-Fercent reduction i n  tile hanp resis-ance, Tncreesed engine-inlet 
cleerznce,  reduced  lov-speed  spray and hull-side flow, and accesteble 
spray and resistznce a t  25-percent  overloaB. Removal  of the  wing-tip 

-. f loa t s  'h~es found t o  reduce  tke  resistence prior t o  h-mp speed, bat to  
have l i t t l e   e f f e c t  011 the 3u! resistance. The s t e t i c   r i gh t ing  moment 
provided by f u l l  submergence of t h e   t i p   f l o a t s  &t a roll angle of 4- 10 

I 2 
v a s  equsled by t i e  xoment due t o  the vir?g Suoya~cy -&th floats off a t  
a roll angle of 8O i n   t he  norml-load condition. 

Largley  Aeroneiltical  kboratory, 
Bationzl Advisory Committee for Aeronautics, 

Ungley Field, Va. ,  0c';o'oe-r 21, 1955. 



6 

1. Olson,  Roland E., and  Bielat, Ralgh P.: AE Aerodynamic  and Wdro- 
dynanic Investigation of Two ?lultijet  Va';er-Based  Aircraft Having 
Lov Transonic  Drag  Rise. WCA RM L55Alla,  1955. 

2. W-itcoxb,  Richard T.: A S t u d y  of the Zero-Lift  Drag-Rise  Charac- 
teristics of Wing-Body Combinations N e a r  the  Speed of Sound. NACA 
RX ~ 5 2 ~ 0 8  , 1952. 

3. Truscctt,  Starr: The Ehlarged N. A. C. A. Tank and So-m of Its Work. 
XACA TM 918, 1939. 



(b) Extended-bow configuration. L-90530 

4 Figure 1.- Pnotographs of the nose-inlet  model  (Langley tank model 323). 
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Figure 2.- General arrangement of nose i n l e t  configuration. 
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Figure 4.- Area dtstribuLion of nose-inlet  configuration. (All dimensions me fuZ.1 s ize . )  
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Figure 5.- VmizLion of total resistance,  trh, a-d r i se   wi th  speed.  Tip 
flozts on; 43 = 160,000 Ib; 6f = Oo . 
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Figwe 7.- Effect of t i p  floats 011 the t o t a l  resistance, trim, end rise 
of t'ne extended-bow collfi,wation. & = 160,000 It: ; 6~ - = Oo . 
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22.9 knots 
r/  = 1.80 

40.1 knots 
+ =  2.00 

57.2 knots 
4 = 5.40 

L-87535 
F i g r e  8.- Spray pnotogre@s of basic-bow configuration. L+, = 160,000 U; 

Sf OC . 



Speed, 22.9 knots ;  trim, 2.1' 

Speed, W. l  knots; trim, 2.8'. 

Speed, 57.3 knots; trim, 5.5'. 
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Speed, 22.5 knots;  trim, 2.3' 

Speed, 40.1 knots; trim, 2.9O 

3igure 9 .  - Concl-AeS. 
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(a) T i p  Tloats  off. (b) Tip   f loa ts  or?. 

Figure 10.- Sta t ic   p roper t ies  of extended-bow configuration. 

NACA - LangIey Field, Va. 
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