
NRC Publications Archive
Archives des publications du CNRC

An approximate method of extrapolating overwater ACV model drag
measurements to full size
Fowler, H. S.

 
For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version  /   Version de l'éditeur: 
https://doi.org/10.4224/40003553
Laboratory Technical Report (National Research Council Canada. Division of
Mechanical Engineering. Engine Laboratory); no. LTR-ENG-122, 1983-05

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=0112d68c-6a0f-4599-97cd-b87f6f18aff6
https://publications-cnrc.canada.ca/fra/voir/objet/?id=0112d68c-6a0f-4599-97cd-b87f6f18aff6

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez
la première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous
n’arrivez pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

https://doi.org/10.4224/40003553
https://nrc-publications.canada.ca/eng/view/object/?id=0112d68c-6a0f-4599-97cd-b87f6f18aff6
https://publications-cnrc.canada.ca/fra/voir/objet/?id=0112d68c-6a0f-4599-97cd-b87f6f18aff6
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


National Research Conseil national
Council Canada de recherches Canada

DIV IS ION OF MECHANICAL

ENGINEERING
DIV IS ION DE GÉNIE

MÉCANIQUE

a
PAGES ο
PAGES ___________Ξ ______________ REPORT LTR-ENG-120

RAPPORT
• FiG. 2 ° ATE May  1983

LABOHAIORY  / LABORAIOIRE  ATE

TABLES 1 LAB. ORDER οη  η ι  r
TABLES ________Ξ ________ ___ COMM. I.AB __Z i / °

FILE
DOSSIER 3515-1

FOR
POUR

REFERENCE
RÉFÉRENCE

LTR -ENG-122

An Approximate Method of Extrapolating Overwater ACV

Model Drag Measurements to Full Size

SUBMITTED BY
PRÉSENTÉ PAR

FowlerH.S
IRY HEAD -----
LABORATOIRE

AUTHOR
AUTEUR.

Fowler

Distribution: Unlimited
Classification: UnclassifiedAPPROVED

APPROUVÉ
E.H. Dudgeon

DIRECTOR
DIRECTEUR

CE RAPPORT NE DOIT  PAS ETRE REPRODUIT ,  NI  EN  ENT IER
NI EN  PARTIE ,  SANS UNE AUTORISATION ECRITE  DE LA
DIV IS ION DE GENIE  MÉCANIQUE

THIS  REPORT MAY NOT BE PUBLISHED WHOLLY OR IN
PART WITHOUT THE WRITTEN CONSENT OF  THE D IV IS ION
OF MECHANICAL ENGINEERING

COPY NO.
COPIE  NR.



-i-

SUMMARY

The estimation of the drag of an air cushion vehicle (ACV)

over water is a difficult process, since the total drag is due to

a combination of several aerodynamic and hydrodynamic mechanisms.

This report sets out an approximate method by which total

drag measured in model tests during motion in the displacement

("sub-hump”) regime through to the planing ( "above-hump" ) regime

may be extrapolated to values for the full-scale craft.
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1 .0  INTRODUCTION

The conve rs i on  of  mode l  ACV d rag  da ta  to  f u l l  s ca le  i s  a

d i f f i cu l t  p rob lem,  as the  seve ra l  sou rces  o f  d rag  ( ae rodynamic ,

momen tum,  wavemak ing ,  e t c . )  obey d i f f e ren t  l aws  (Reyno ld ’ s ,

F roude ’ s ,  e t c . ) .  The re  a re  r i go rous  t r ea tmen ts  o f  t hese ,  bu t

t ha t  of  wavemak ing  d rag  i n  pa r t i cu l a r  i s  ex t reme ly  comp lex ,

pa r t i cu l a r l y  at  low speed .  In  the  case  o f  r ough  wa te r  t es t s ,  t he

p rob lem becomes  even more comp lex .

Hav ing  due rega rd  f o r  t he  r e l a t i ve  magn i t udes  of  the  va r i ous

d rag  causes ,  the  f o l l ow ing  app rox ima te  me thod  g i ves  reasonab le

resu l t s  f o r  smoo th  wa te r  t es t s .

2 . 0 METHOD

2.1  The mode l  i s  t owed  at  a r ange  of  speeds  ove r  smoo th

wa te r  and the  t o ta l  d rag ,  the  l i f t  a i r  f l ow ,  t he  cush ion

p ressu re ,  mode l  t o t a l  we igh t ,  mode l  speed ,  and mode l  s k i r t

d imens ions  ( l eng th ,  beam) ,  a re  measu red .  The mode l  beam

shou ld  be l ess  t han  1 /3  o f  t he  w id th  of  the  channe l ,  and the

wa te r  dep th  shou ld  be g rea te r  t han  t he  l eng th  o f  the  mode l ,

un less  spec i f i c  ’ ’ sha l l ow  wa te r ”  t es t s  are  r equ i red .  I t  i s

emphas i sed  t ha t  the  mode l  shou ld  be t owed  f rom the  po in t  a t

wh i ch  t h rus t  i s  no rma l l y  app l i ed  (e .g .  the  hub o f  t he

veh i c l e ’ s  p ropu l s i on  f an )  and no t  f rom some conven ien t  po in t

such as the  bow of  the  c ra f t .  Th i s  w i l l  ensu re  the  veh i c l e

s i t t i ng  at  the  co r rec t  t r im  ang le ,  wh i ch  w i l l  have a ma jo r

i n f l uence  on the  measu red  d rag .
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2 .2  The ae rodynamic  d rag  i s  ca l cu la ted  ove r  t he  speed  range .

Ae rodyn .  Drag = | x A i r  Dens i t y  x Speed 2 x F ron ta l  A rea  x C D

( I )

and i s  i n  f o r ce  un i t s  ( new tons ) .

The va lue  of  Cp f o r  va r i ous  ACVs w i t h  the  usua l  amoun t  o f

deck c l u t t e r  and squa re  s te rn  va r i es  f r om 0 .38  f o r  an SRN5

down to  0 .32  fo r  a ve ry  s imp le  hu l l .  A va lue  o f  0 .25  was

repo r ted  fo r  one c ra f t  w i t h  a f i ne  s te rn  and a f t  a i r  i n t akes

g i v i ng  some b o und ar y -1  a ye r con t ro l .  Un less  known o the rw i se ,

a va lue  o f  0 .35  shou ld  be used .  The f r on ta l  a rea  of  t he

c ra f t  i s  t ha t  above  the  wa te r l i ne ,  and i s  ca l cu la ted  fo r  t he

s ta t i c  case  i n  the  p resen t  app rox ima te  me thod .  How much

a rea  i s  con t r i bu ted  by a duc ted  t h rus t  fan  i s  an a rguab le

ques t i on .  I t  i s  p robab l y  r easonab le  to accoun t  f o r  s t r u t s ,

hub ,  and duc t  wa l l  a rea ,  om i t t i ng  the  t h rough - f l ow  a rea  o f

the  duc t .  In  anycase ,  on l y  t hose  pa r t s  seen i n  a f r on ta l

s i l houe t t e  v iew  are  accoun ted .

2 .3  The l i f t  a i r  momentum d rag  i s  ca l cu la ted  ove r  the  speed

range .  Th i s  i s  the  d rag  due to  r a i s i ng  the  momentum of  t he

a i r  i nha led  by the  l i f t  s ys tem un t i l  i t  i s  mov ing  f o rwa rd

ins i de  the  c ra f t  at  c ra f t  speed .  Th i s  i s  no t  usua l l y

recap tu red  as i t  l eaves  the  c ra f t ,  s i nce  the  a i r  i s  no rma l l y

em i t t ed  equa l l y  i n  a l l  d i r ec t i ons  a round  the  hu l l .

Momentum d rag  = Mass f l ow  o f  l i f t  a i r  ( kg / sec )  x V (c ra f t

speed ,  m /s )  ( I I )

and i s  i n  f o r ce  un i t s  ( new tons )
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2 .4  The cu rve  of  t es t  va lues  o f  t o t a l  d rag  aga ins t  speed  i s

p l o t t ed ,  and by sub t rac t i on  the  cu rve  o f  wa te r  d rag  (wave -

mak ing ,  f r i c t i on ,  sp ray  d rag ,  e t c . )  i s  p l o t t ed .  [F i g .  1]

2 .5  The cu rve  of  wa te r  d rag  aga ins t  speed  i s  r ep lo t t ed

aga ins t  / speed  \ .  "Hump speed ”  i s  so ca l l ed  f rom the

\hump  speed  /

hump i n  the  d rag  cu rve  at  the  speed  at wh i ch  the  c ra f t

acce le ra tes  f rom the  d i sp lacemen t  mode to  the  p l an ing  mode.

The hump speed  i s  ca l cu la ted  as :

Hump Speed = K /£  m/s ( I I I )

where  K i s  a cons tan t  be tween  1 .4  and 1 .8 ,  ( t heo re t i ca l l y

1 .76 ) .  The va lue  K f o r  the  expe r imen ts  i n  ques t i on  can be

found  f rom the  peak o f  t he  hump i n  the  d rag / speed  cu rve ,  and

i s  assumed  to  be the  same fo r  t he  f u l l - s i zed  case .

£ i s  the  cush ion  l eng th  of  the  c ra f t  ( i n  me t res ) .  The

speed  va lues  i n  F i g .  1 can now be conve r ted  t o f  Speed

\hump speedy '

va lues ,  and the  cu rve  rep lo t t ed ,  as i n  F i g .  2.

2 .6  From know ledge  of  the  componen ts  o f  the  wa te r  d rag ,  t he

fac to r s  con t ro l l i ng  t hem,  and t he i r  p robab le  re l a t i ve  magn i -

t udes ,  i t  has been a rgued  t ha t  t h i s  d rag  can be exp ressed

app rox ima te l y  i n  t e rms :

Water d rag  = j x (wa te r  dens i t y )  x Speed 2 x ( opposed

unde rwa te r  a rea )  x ( IV )
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where  the  wa te r  dens i t y  = 100Û kg/m 3 at s t anda rd

t emper a tu re ,

opposed  unde rwa te r  a rea  = cush ion  beam x immers ion  dep th  ( i n

m ) and = Water  d rag  coe f f i c i en t .

The opposed  unde rwa te r  a rea  i s  go ing  to  va ry  i n  a manne r

d i f f i cu l t  to  quan t i f y  as the  c ra f t  r i ses  t h rough  the  maximum

wavemak ing  s i t ua t i on  i n to  the p l an ing  mode .  Th i s  p rob lem i s

hand led  i n  the  f o l l ow ing  manne r .  The a rea  i s  ca l cu la ted  i n

the  s ta t i c  case ,  as :

Area  = cush ion  beam ( i n  me t res )  x cush ion  p ressu re  ( i n

me t res  o f  wa te r  gauge )  (V)

Th i s  a rea  i s  assumed  to  r ema in  cons tan t ,  and the  va lue

i s  assumed  to  va ry  to  compensa te .  Thus ,  at  a number  o f

speeds ,  the  wa te r  d rag  i s  r ead  f r om F ig .  1, and i s

ca l cu la ted  at  each speed  f rom equa t i on  IV above .  These

va lues  of  cons tan t  a rea  ( app rop r i a te l y  sca led  f rom mode l  t o

f u l l - s i ze )  and va ry i ng  , are  t hen  assumed  to ho ld  t r ue

at  the  same va lues  o f speed  \ i n t he  f u l l - s i zed  c ra f t .

\ hump  speed /

2 .7  The va lue  o f  hump speed  i n  the  f u l l - s i zed  c ra f t  i s  t hen

ca l cu la ted ,  and at  the  same va lues  o f /  speed  \ as  were

\hump  speed /

ca l cu la ted  i n  the  g raphs  of  mode l  pe r f o rmance ,  the  f u l l

s i ze  c ra f t  speeds  are  ca l cu la ted ,  and us i ng  the  app rop r i a te

va lues  of  speed  and a rea ,  the  va lues  of  wa te r  d rag  are

found ,  and p l o t t ed .
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2 .8  F i na l l y ,  at t he  chosen  f u l l - s i ze  va lues  of  speed ,  l i f t

a i r  f l ow ,  and above -wa te r  a rea ,  the  f u l l - s i ze  va lues  o f

ae rodynamic  and momentum d rag  are  ca l cu la ted  and added  to

the  wa te r  d rag  to g i ve  the  app rop r i a te  f u l l  s ca le  t o ta l  d rag

cu rve ,  f i na l l y  p l o t t ed  aga ins t  speed .

3 . 0 SIMPLE RULE FOR ESTIMATION OF MAGNITUDE OF DRAG

As an ex t reme ly  s imp le  ru l e -o f - t humb  fo r  es t ima t i ng  magn i -

t udes  o f  d rag ,  at  up to  15 m/s f u l l - s ca le  speed ,  the  f u l l - s ca le

d rag  w i l l  be of  the  o rde r  o f :

mode l  d rag  x f u l l - s ca le  we igh t

mode l  we igh t

or mode l  d rag  x / f u l l - s ca le  l eng t  h y

\ mode l  l eng th  J
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4 . 0 TABLE 1

Requ i red  Da ta

Mode l  Sca le  Fu l l  Sca le On i t s

1. Measu red  t o ta l  d rag ✓ Ne wt ο n s

at r ange  of  speeds

2. L i f t  a i r f l ow  (Mass F low)  / / kg / s  .

3. Veh i c l e  speed / m/ s

4. Above -  wa te r  f r on ta l / / m 2

a rea

5 . ae rodynamic 0 .35 0 .35 -

6 . A i r  dens i t y 1 .230 1 .230 Kg/m 3

( s t anda rd  day )

7 . Cush ion  l eng th / ✓ m

8 . Cush ion  beam / / m

9 . Hump speed ( f r om mode l ✓ m/s

d rag  cu rve )

10 . K va lue  f o r  hump -

speed (mode l  and f u l l -

s i ze  are  same)

1 1. Fu l l - s i ze  hump speed ca l c  u l a ted  us ing / m/s

same K va lue .

12. Water  dens i t y 1000 1000 kg/m 3

13. Cush ion  p ressu re ✓ ✓ m wa te r

g a ug e

14. Opposed  unde r -wa te r ( s ta t i c  va lue , / m 2

a rea ass urn ed cons tan t )
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