
IHS Sum mer 1998 Page 7

TRANSVERSE STABILITY OF
SURFACE PIERCING

HYDROFOILS
Mar tin Grimm

The sta bil ity cri te ria pre sented in
the IMCO Code of Safety for Dy -
namically Sup ported Craft, [1] now su -
per seded by the In ter na tional Mar i time
As so ci a tion (IMO) High Speed Craft
Code, pro vides an equa tion for as sess ing
foilborne metacentric height (GM) of
sur face pierc ing hy dro foils in the de sign
stage:

GM = nB (      LB             - S) +
                 2Tan(IB)
               

nH (      LH            - S)
2Tan(IH)

Where:

nB, nH = ra tio of craft weight borne by
front and aft foils re spec tively
(as op posed to “per cent age of weight”
in di cated in the IMO code)

LB, LH = width of front and aft foils re -
spec tively at foilborne wa ter line

IB, IH = an gles at which the front and aft
foils re spec tively are in clined to the hor i -
zon tal where they cut the wa ter line

S = height of the cen tre of grav ity
above the foilborne waterline

The equa tion is de rived based on
the as sump tion that the lift dis tri bu tion
over the span is uni form and thus it does
not take into ac count ef fects of spanwise
vari a tions in chord length or foil sub mer -
gence depth. The equa tion is only in -
tended to pro vide an in di ca tion of the
sta bil ity of the foil at small heel an gles.

An al ter na tive method which ad -
dresses these lim i ta tions has been im ple -
mented in a short com puter pro gram. The 
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Bi-V-form, constant chord, no submergence depth effect, no tip
effect, no struts
Bi-V-form, variable chord, no submergence depth effect, no tip
effect, no struts
Bi-V-form, variable chord, with submergence depth effect, no tip
effect, no struts
Bi-V-form, variable chord, with submergence depth effect, with tip
effect, no struts
Bi-V-form, variable chord, with submergence depth effect, with tip
effect, with struts

Trans verse Sta bil ity, Fig ure 1
Righting Arm Curves For a Rep re sen ta tive Sur face-Piercing Bow Foil
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meth od ol ogy used en ables a flex i ble def -
i ni tion of the foil sys tem ge om e try be it
of a di hed ral, lad der, or shal lowly sub -
merged con fig u ra tion. While by no
means rig or ous, the pro gram should be
use ful for pre lim i nary de sign pur poses.
The main as sump tions made in the pro -
gram are that the lift gen er ated at any
spanwise el e ment of the foil is:

• Pro por tional to its chord length,

• Re lated to the lo cal sub mer gence
depth-to-chord ra tio as pro posed by
Tsarev [2], and 

• Is as sumed to fall off el lip ti cally to -
wards the tips of sub merged foils due
to 3D flow.

To in ves ti gate the in flu ence of
var i ous pa ram e ters on the right ing arm,
re sults from the pro gram are pre sented
for sev eral vari a tions of cal cu la tion
method and foil ge om e try. The base line
ge om e try se lected rep re sents a bow foil
typ i cal of the RHS-140 hy dro foil se ries.
These have nar row chord sec tions with a
di hed ral of ~17o at their base in creas ing
to a wider chord and a ~33o di hed ral an -
gle at their out board sec tions. This ge om -
e try will sub se quently be re ferred to
sim ply as a “Bi-V foil.”

IN FLU ENCE ON CAL CU LATED
TRANS VERSE STA BIL ITY OF

METH OD OL OGY 

The cases of foil def i ni tion and
cal cu la tion method ex am ined pre sented
in Fig ure 1 in clude:

• Foil with con stant chord and with out
sub mer gence depth ef fect

• Foil with in creases chord at tips but
with out sub mer gence depth ef fect

• Foil with in creases chord at tips and
with sub mer gence depth ef fect in -
cluded

• In creases chord at tips, sub mer gence
depth ef fect and lift loss at tips in -
cluded

• In creases chord at tips, sub mer gence
depth, lift loss at tips and strut lift all
mod eled

To aid in in ter pret ing the re sults,
the curves are pre sented for a sin gle foil
rather than a mixed pair. A rep re sen ta tive 
ver ti cal cen tre of grav ity has also been
in cluded.

Al though it is not possible to re -
view the var i ous ef fects in this brief pre -
sen ta tion, it can be seen that the ar eas
un der the right ing arm curves dif fer sig -
nif i cantly with the as sump tions made re -
gard ing the lift dis tri bu tion.

IN FLU ENCE ON TRANS VERSE
STA BIL ITY OF FOIL GE OM E TRY

The IMO guid ance equa tion sug -
gests that GM is only de pend ant on the
shape of the foil at its foilborne wa ter -
line. To ex am ine the in flu ence of the sub -
merged foil ge om e try on sta bil ity
char ac ter is tics, the shape of the base line
foil was mod i fied to ob tain de riv a tives
with vari a tions be low the de sign
foilborne wa ter line but which re main un -
changed about it. The two cases ex am -
ined are:

• A foil sys tem with a con stant di hed ral
an gle of about 33o rep re sen ta tive of
the ear lier Schertel-Sachsenberg hy -
dro foils; this ge om e try will be re -
ferred to as a “Pure-V”

• A foil sys tem with a sub merged hor i -
zon tal foil el e ment be tween the in -
clined outer foil el e ments which re tain 
their di hed ral an gle of 33o; this is rep -
re sen ta tive of a stern foil on the

RHS-140 se ries; this ge om e try will be
re ferred to as a “\_/ foil.”

Fig ure 2 pres ents a com par i son of
the right ing arm curves for the Pure-V,
Bi-V and \_/ foil ge om e tries. Two cal cu -
la tion methods are ap plied to each of
these three ar range ments, one be ing the
more ap prox i mate, the other be ing more
re fined. It can be seen that re gard less of
whether foil chord, sub mer gence depth,
or tip lift loss ef fects are con sid ered, the
Pure-V foil ge om e try ex hib its the poor -
est sta bil ity char ac ter is tics of the three
ge om e tries ex am ined, while the \_/ foil
has the great est trans verse sta bil ity.

AS SESS MENT OF OVER ALL
FOILBORNE STA BIL ITY OF A

HY DRO FOIL CRAFT

The dis cus sion to this point has
been lim ited to con sid er ing a sin gle foil
sys tem. If the in ter ac tion be tween the
foils can rea son ably be ne glected, then
the to tal right ing le ver can be cal cu lated
as fol lows:

GZ = (nB)(KNB) + 
(nH) (KNH) - (KG) [Sin(θ)]

where:

nB , nH = ra tio of craft weight borne by
front and aft foil

KNB, KNH =Righting le ver of front and
aft foil rel a tive to craft base line (m)

KG=Cen tre of Grav ity above craft base -
line (m)

θ =Heel an gle (ra di ans)

A more ex ten sive as sess ment of
the re sults and list ing of the pro gram and
ex am ple in put files is avail able from
Mar tin Grimm, 9 Fishburn Street Red
Hill, ACT 2603 Aus tra lia for those will -
ing to ex am ine this sub ject in fur ther de -
tail and re port back on their find ings.
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Trans verse Sta bil ity, Figure 2
Righting Arm Curves For a Se ries of Sur face-Piercing Foil Ge om e tries
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V-form, constant chord, no submergence depth effect, no tip
effect, no struts
\_/-form, constant chord, no submergence depth effect, no tip
effect, no struts
Bi-V-form, constant chord, no submergence depth effect, no tip
effect, no struts
Bi-V-form, variable chord, with submergence depth effect, with tip
effect, no struts
V-form, variable chord, with submergence depth effect, with tip
effect, no struts
\_/-form, variable chord, with submergence depth effect, with tip
effect, no struts
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