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Now, if one wants more reading on Sevtec craft all one has to do is "Google" up and click on
the "groups" button and ask for Sevtec, or alt.rec.hovercraft.Sevtec or other things and just
about anything will come up, including some technology discussions, as well as catfights and

whatever usually goes on in newsgroups.

This paper, published in the Canadian 1984 International Conference on Air Cushion
Technology, Sept 25, 26, 27, at Vancouver, BC may be old, but the numbers are just as valid
today. A systems approach was taken to compare the Sevtec design philosophy directly to the
design of large surface skimmers (hovercraft) with some surprising results. (A wait may be

required for download for dialup.)

LIGHT HOVERCRAFT DEVELOPMENT

BARRY H. FALMER

CONSULTANT
PALMER AEROSYSTEMS
(206) 794-7505

ABSTRACT

Characteristics of several hovercraft
of the author's design are described. The
comparative straight line performance of
the machines is sfudied through use of a
simple numerical model.

The design characteristics of the
small machines are then analytically ap-
plied to two large existing nhovercrafst
and comparative straight line Eerformance
evaluated for the large craft in its orig-
inal stock configuration and revised con-
figuration.

It is concluded that significant
improvements csn be made to large machine
performance through use of light hovercraft
technology as shown in this paper.

INTRODUCTION

Although the hovercrait as we know it
has been around for perhaps thirty years,
these vehicles seem to have shown little
improvement LY efficiency excxpt for im-

rovements related to size. s a result

he crafi are still very powerful for their
weight, resulting in high Initial and oper-
ating costs. The author has been develop-
ing sTaﬁl hovercraft f%r somf gixteen_years
in which emphasis 3 been placed on 1dw
noige levels and efficiency. This paper
explores application of the light hover-
craft technology to large vehicles in an
attempt to improve large hovercraft perfor-
mance.

ANALYTICAL MODEL

lothing is particularly unusual in the
way the author models his vehicles. "Get it
done' practicality is favored over meticu-
lous detailing so as not to hide true model
function behind a btroad veil of empirical
coefficisents. It should be appreciated
that the ultimate goal is to move a given
lcad at a given speed over a given surface
uging minimum power, consistent with min-
imum costs.

THRUST

All of the propellers except a single
example on the light hovercraft are two
blade, 15 degree, fixed pitch, and perfor-
mance predicticns are based on measured
data for a two blade, Clark-Y airfoil, 15
degree three-quarter radius pitech propeller
per {1). The single exception was a ducted
fan. which was sAanatynntad +a ammlat+a +ha

ducted fan per (2) as closely as practical
without going to the extremes of aerody-
namic fairing of the rotor hub and blade
roots, and double surfaced duct as shown
in the referance.

Propeller static thrust was determin-
ed on the vehicles through vehicle static
thrust tests. In most cases vehicle stat-
ic thrust was 85% of static thrust indicat-
ed in (1), using full throttle engine data
and allowing for a 5% drive loss.

Similar ducted fan static thrust
tests did not remotely approach levels in
{2). Measured static thrust more closely
approached what would be expected using
a simple momentum model per (3) with
the assumption that flow exits the duct
at full duct exit diameter, and parallel
to the thruster axis, with a drive loss
of 5% and reduced by the 85% factor.

For the purposes of this analysis,
it is assumed that the open propeller and
ducted fan performance are 85% of (1) and
(2), allowing for a 5% drive loss, through
the speed range of a vehicle, for lack of
a better model. This should not affect
the comparative nature of the calculations.

The 15% loss in thruster performance
is probably due to obstructions such as
guarding, supporting structure, the ground
plane and vehicle itself, and cannot be
measured with a load cell placed on the
thruster shaft. Measurement of the "ins-
tallation factor" would require the use of
a wind tunnel.

SMCOTH WATER DRAG

Drag is broken intc aerodynamic,
skirt wipe, and wavemaking. Momentum
drag is not considered, as additional
cushion air flow volume tends to improve
vehicle performance probably by virtue
of a combinaticn of a reduction in skirs
wetted area and reaction thrust of the
cushion air, which is primarily expelled
rearwards in the author's designs. Ven-
icle drag is the sum of drag components
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with the old

%+ The use of Tlotstion material
skirt material can wvirtually elim-
ake the purge problens ciated with
craft taking off from z r pericd on
waler.

T1G2A1NE prouiems associsted

f,

a lypical bag and f
much as 4 Limes the gurisce area

thun Lhe auther's design, the running

nave

face ¢f the bag could be exsremely robust

411 of the small venlicles use flat
pltched axial flow fans. They are designed
to net stall and have a full power shutcif

rassure capadility of the order orf 2 1/2
%o 1 1/2 times maximum normal operating
weight cushion pressure, This 1s required
as the singla engine craft have fixed drive
ratios, and scme of the vehicles may oper-
ate at as little as 15% of full power, Zor
operations in tail winds, rivers and tight
maneuvering arsas.

Larger single engine craft will have
to have 3some sort of mechanism for sltering
the drive ratlo, or variable pitch propel-
lers. A& simple speed change device can
con3ist of 2 belt drives placed zide by
gide and that can be clutched inta the
drive system, sllowing the craf% operatocr
%0 select the proper drive ratio for the
operating conditiona. 4 varidrive has been
used for this application, and these drivee
are cagpable of varging drive ratio withous
opsrator control (10).

PERFORMANCE, CALCULATED AND MEASURED

Figure (10) is a summary of the light
acvercraft contfigurations and performance,
which is celculated from the numerical moé-
8l in thie paper, along with measured per-
formance data.

It should be noted that the speeds ac-
hieved are representative of wide open
throt<le operation under abselutely ideal
condisions of smooth water, still air for

the vehicles loaded <o the design welghts
as shown. While the craft could get zreat-

er amounts of payload over hump as shown
from the planed out weights in the "Refus-
al column, these load levels are impractic-

inger skirt may

2 an aluminum rotor
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deterioration of surface finichesg
is a major problem, the auihor has begun
program.

.
"ne

99

al ae no performarce margin is allowed Zor
conditions such as headwinds, shoal or
rough water, and maintenancs of cushion

and reasonable speed wher running down
wind,

#Although the cushion alr gap, or hov-
er height do not enter directly into the
g:ralght line performance in the anzlysis,
1% must be evaluated to determine if a
realistic power penalty iz being applied
to 3 particular design wnen it is compared
to another desigm, or equiwvalent cushicn
charging is used In comparative studies.

For all calculations in <hig paper,
the ran totzl efficlency is assumed to be
70% and a 3% 1it drive loes iz allowed.

A "Dumpirg Loes Coefficient” of 1.5 is
used for all cushiorn syetems, and no penal-
ty is applied for machines which pressurize

their skirts above cushion pressure. Cugh-
ion efficiency is determined as telow:
E, = B¢ L (&)

T Kol ar/Ap)? !

The ratic of hover gsp leakage area,
41, to fan Ihroughflow area, af, is the
primary determiner of cushion overall of-
ficiency, E;. The loss coefficient, K,
is a product of the degree of complexity
<he cushion Zlow sees as it pagses through
the cughion system. The fan efficiency,
34+ is determined at the rotor axi: and
does not include diffusion losses deyond
the impeller.

The author has never measured actual
cushion performance. It should be reccg-
nizeé@ that the number resulting from the
analysis can be viewed as relative %o the

HOVERCRAFT DESIGN DINEZNSIONAL DATA PERFORMANCE
(Caiculataed/Nessurad]
HOVERCRAFT ENZINE THRUST paupE;;gg EIMETY WT.| LENGTH SUSEION [HOVER | 7€ REFUSAL |STATIC
(HpMaka) [TLIFT X1 ! TES. WO | EEUT ARZA  HIIGHT | SPEED La4D THRUSY
CIA. (In)| (ks (Ft) (Pt (In) | {apn; (Liw) (Zis)
FAN-PASTIC 8/835 50/50 | &8/24 18c/980 |11/7 54 b7/ | 26725 | wEsslTn | 36436
1076 = = 200/400 " " 73/~ | 2a8/- 507/- b2/
1L/ " by - & n " 78/- | 29/- 533/- L5/~
PAR-TASTIC II |8/B%S 50750 | «&/z24 240/460  |12.5/8.5% | 20 687~ | 21/22 | 6127812 |26/96
2-2/805 J - as0/72¢ |13.5/6.5 | ae BY- | 27727 | ad6a/- 5§74
L6/ B85 60/%0 | £2/92 Ls0/7%0 |13.5/8.5 | 48 7Y /22 | 1029/1020| 30/~
NICRO 4/B38 30/50 | 42/20 te2/m12 |11/7 s& | %67~ | 19/~ Moz |z /-
FAN-TASTIC IID|16,10/895(63/37 | 68/2-32 |68¢/1190 [14.5/10 120 .33/~ | 33/33 | 1578A1360| 115120
RED MACH. 25/08a%  |80/%40 | 68712 680/1190 |13.5/10 |1iC L7y~ | 32/53 | iko6/-
Se/W1600) 60/4s | 63732 98C/1320 [14.5/10 | 120 1,08/~ | 5348 | 2076/~ 199/195
EELLYY MACH. 5§{gsrsgg £0,/%0 §2/32 1200/2200| L8/12 175 .82/« 3a/8 266/~ 23:/230
P
TASTIC ; : T
FaAN-TASTIC L1/HONCA | 50/50 | »B/2s 280/Lds L/? &0 (59/- ) 29/22 | sRa/s80 |45z
Fig. 10 Light Eovercra’t Dimenslions, Perfermance

Lo0a

ther air gap numbers of the other craft,
and the characteristics of the vehicles as
driven by the author supplies more infor-
maticn than a cushicn flow measurement pro-

gram could supply.

The calculated and measured parformance

appear to be in reasonable agreement.

madel Tends Toward underestimating the top
Ag the
(8) iz the

speed as vehicle size increases.
Fan-Tastic 8 Ho. desisn. (7).

Drive and rotor weight iz also reduced
by the proportion of powsr recducticn,
even Though the rotors are larger and
drive ratios are greater for the revised
craft, for lack of information in this
area. It sheould be spprecizted that the
axial flow fane pceed in The stucdy are
anly slightly larger in diameter than the
centrifugsl fans they replace, In the case
of the Voyagewr and its equivalent, and
clearly many times lighter, easpecially

The

16/09/2023, 15:26
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baseline vehicle for sizeing the ampirical
part of the model, agreement is gocd. ZFan-
Tastic III failed %o meet calculated refus-
al performance pessldly due te impatience
of The auther in allowing <ime to get it
ovar hump. (Failure <o gain hump after a
minute is taken as cver refusal load.)

The low speed of the Flastic Fan-Tastic is
trobably due te the high drag of ita shroud
and under performance of ita cushion due o
use o an industrial fan, rather than a
hovercraft fan.

APPLICATION 20 LARGE HOVERCRAFT

Two large hovercraft are "systen" anal-
yzed usin; <he anal¥sis of this paper.
“ne vehlicle {s rirst analysed as 1t exists,
?nd <hen 3 rgrise$ versionlis anﬁ%ysef us=

ng a large diameter prope whic
Sower T e ggﬁtﬁ a6 the Tel-
low Macnine propeller, a Ilat pisch, large

digmeser axizl Tlow fan, and the author's
SKir< system.

In the actusl analysis, <he pro el;ers
on the ¢raft are modelled g§1n The ger-or-
marce of the light hovercrars< grODel-ers.
4lthough this resulzs in a high tlade tip
speed N0 Nach number penalty Is assessed.
Centrifugal fans are converted to aguival-
ant axial fans by aasumin? Their inlet
diameter to ve .S of the fan tip diameter
and the equivalent axial fan %9 be equiwval-
znt To the inlet diameter.

2ince the objective iz <o move a glven
payload ocver a given surface at a given
speed, the revised designs are reduced in
SZze To account for lcss in grose weight
due To engine, fuel, and tankage that iz
not needed tecause of economies of power,
and 3/4 of the ballast trim fuel and ank-
age that iz not needed due to the piten
trizm system used in the equivalent hov-
eroraft. 1/4% of the dallast trim fuel is
Lept 39 provide roll trim.

https://'www.hovercruiser.org.uk/sev3/index.php/techni...

when consgidering that the centrifugzzl fans
require a mcre slaborate housing than the
axial units., Similar weight eccromies
probtably occur when comparing the multiple
doutle suction centrifugal fans %o their
axial squivalent. The largs dlameter
gropellers are strucsturally almees iden-

ical to the propellar cn tThe Yellow Mach-
ine and would scale directly in weignt
using cute scaling. The 20 ft. propeller
would weigh around 2751bs., less than its
equivalent % blade heavily loaded propel-
ler. If variable pitch is recuirsd, the
plus or minug 15 degrsee plich changs rec-
uired could be obtained with = aimple
mechanism similar to & helicopter zail
rotor piteh mechaniaz.

Fearformance of the Voyageur ana the
AP1-88 as represented in this paper alaong
with the rewviged vergio g shewr in fig.
(11}. n bot% casea%ihgifigfsgh:rpé:eg &
is removed, large rotors and skirt instal-
led and the useful load and encurance
maintained. Speed, heverheight, and
thrugt to nump drag ratis have besn mair-
tained cor slighily excseded in the squiv-
alent desizns. The thrust %o 1lift power
split for the Voyageur was rixed, and the
varisble pitch propeller shculd improve
<he area of performance of thrust cver
hump drag for the "real" wehlicie.)

The weight reductions might be guest-
ioned for the e les, Mot orply does
machinery, fuel and tarkage weight coze
down, structure and skirt weight zlsc come
down as there is less load tec support, in
the case of the revised desigrns. Addit-
ionally, wvehicle overall dimersionsz come
down to 90% of criginsl dimenszionz 2= the
large rotor design sizply results in =
much lighter, and therefore zmaller craft.
Flg. (12) is a btreakdown of the weights

HOVERCRAST UZSICH DIMENSICHAL DATA FERFCANAXCE
HAOVERCRAFT ENGINZ SAQPELLS WEIGHT| COSHICH |CUSKIOR HOVER |2CP TYRUST | STar:io
(HpMake) W.. ‘LSL“B.\:. (Log) |LZNGTH(FT!| ASEa | KSIGHT | SFEED | TWE | TERUST
o4 (7t) BEAN(Fe} (Fe) 1 ¢In] | (Xza} |34TIC {Lrs)
VDTAGEUR 2-1700/P3W |55/95 2-9/2-7 91000 | &8/12 2049 1.2¢ ZE 1.09 L7683
ZUIVALENT | 1~1300/P8W |67/33 2-22/2-7.5 | 69028 | 58,.3/29.1L | 1697 1.20 5 256 5676
APL.38 =-500/Neutz| 5050 2-0%2-2.74 | 86395 | &u.5/28 1815 1,02 =7 1.1 5556
ZQUIVALENT | 2-3500/Teutz| 67/33 2-187/2-7.3 | £3978 | s8.3/25.2| 1470 1.01 57 £.17 woTe
*0ucted Fan Chruster
Fig. 11 Veyageur, AF1-88 Simulated Ferformance

101
ofvoriginal and revised designs. SONCLUSION
HOVERCRAST WETGET BREAKDINN  (Lbe %) s Power requirements Zor current tech-
== — e nolegy large hovercraft can be reduced to
D e MEIDMINE PANIN [ fair- .| UNEFYL ore-hzalf current levels if large diameter
lightly loaded propellers and axial flcw
VOYAGEUR | 29120/32 |6670/7 [2657/3 | 18189/20| 149538/23 fans, and , to a lesser extent, simpliried
| BRUTVALZNT|22217/72 [2335/5 R657/4 | 682010 | w3585 skirt gesign is employad. The resulzing
4P1-38  |2es558/8 |15000/1%552/8 | 9sz0/1: | 2076528 :gg’;ﬁ: :gvach1eved ¢an result in the amph-
sl e s hovercraft concept making inrcads
| TRUIVALENT| 2555140 |7500/12 6552/10| 2570/6 | 20785/32 into new markets presently oc'sﬁgied by
- other forms of merine transport.
2 -
Pig. 12 Weight Ereakdown NOMENZLATURE
There iz considerable ambiguity in - = :
trying to come up with a correet weight far. DJefinition  ‘Subscripy Definition
reduction model. For instance, the fan " Area- a derodynamic,air
shroud may show up in the swructure part 3 Cushion Bean-Ft ¢ Cushion Dump
of one get of data, yet it is clearly in v Drag Coefficient f Fan
for weight reduction in the Form of mach- = Drag-Lta h At E
inery weight reduction, so these weight E Efficiency 1 Leakage Area
models are not referenced. The craft should & Coefficient p Projected Area
be taken as eimilar to the named venicles. z Avg. Length-rt S Water Frictiocn
P Pressure- lb/Fs2 < Tozal
The fzct that she top speed as calcu- v ¥elocity-Ft/Sec  w Wavemaking,
lmed in the model came up very reasonably W  Weigat oper.-lbs Water
close to what is expected of the two large e Mass Density-Slug
craft msy be more due to serendipity than
aceuracy. The large craft base areas ars .
cf much higher length to beam ratio than REFERENCES

the light hovercraft, which should result
in more skirt drag. As the large craft do
net have "open convertible" drag coeffic-
ients of the lisht cr=ft. thera shauld ha

1, Sierman, D., Hartman, E. F., 1rests or
Full Scale Propellers: - - ' NASA TR 458

16/09/2023,
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less aerodynamic drag. Therefore the study
is primarily comparative. The craft rapre-
sent equivalents and are net configured as
the author might design for =imilar appli-
cation.

Some censideration should be given to
the aspect that the large propellers of the
equivalent craft overhang the outboard of
The hulls.
wration might represent a hazard on a rec-
reational machine, 1t should te of no prob-
lem for venicles managed by professionals.
Az the propellers are far overhead they
represent zlmost nc danger toc bystanders,
and, indeed, because of their distributed
wagh, may be safer than small propellers.

A light frame could bte built to define the
cuter limits of the propellers If desired.

1T should be ncted that the rewvised
APL-88 design is vary similar in useful
load, power,and operating weight to the
Hevermarine HUK2 Mk, o sidewall marine pro-
pulsion craft, which operates in calm
conditions as 34 k¢s (9). Although it is
expected that the AF1-38 eguivalent would
be slowed DY rough weasther to a greater
degree than the sidewall venhicle, it is
clear that the fully amphibiosus cra’: has
& perfermance advantage, which would prob-
ably result in lower cperating ccets., The
large propellers give the amphibian very
nearly the 70% propulsive efficiency of

the sidewall craft's marine propellerz {3),

In reality, while such a config-

(=]
(¥
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2, Mort, K. W., Gamse, B., ' 4 Wind Tun-
nel Inveastigation of a 7 Poot-Diameter
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3. Wood, K. D., 'Aerospace Venlole Design
Voéé Z,' Johnson Publ Co,, Boulder, Coio,
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3. Mantle, P. J,, 3¢. '4ir Cushion Craf<
Developmenz,' DTNSRDC-30/012, 1-198p0,

6. Lamb, H., ‘Hydrecdynamics,' Cambrldge
Univ. Press.

7+ Palmer, 3. H., 'Fan-Tastic, & Light
Amphibiocus Surface Effect Vehicle,' AIaa
Pacific Northwest 21v, Exparimental air-
craft Symposium Procsedings, 7-1975.
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Here is another paper, on the radiated noise of an 8hp craft of the author's, showing the
overall far field noise, and a breakdown of the constituent contributors, engine, fan, propeller,
to the far field noise through narrow band noise analysis.

1 Yutennational Confenence On
Noise Prom Recneational
. Off-Road Vebictee (ORT)

16/09/2023, 15:26
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9s ACOUSTIC CHARACTERISTICS OF A QUIET
; LIGHT AMPHIBIQUS SURFACE EFFECT VEHICLE

B. H. Palmer

The Boeing Company

;ﬂ . Seattle, Washington
[ |

4 INTRODUCT ION

. Although the concept is quite old, and patents date back to the turn of
“?. the century, air cushion vehicle, or hovercraft, or surface effect vehi-
cle (sev) technology has primarily evolved in the past twenty years.
These unique vehicles, while solving unusual transport problems, have
il generated their own set of problems, principally-high initial and oper-

~ ating costs, and rejection by communities due to excessive exterior
/i noise.

N

il A number of small vehicles have been designed to be very quiet, notably
. the English CC-7 hovercraft. Unfortunately, the low noise level of the
" CC-7 was achieved through an extreme sacrifice in efficiency. The ten
.. Place, 35 knot craft uses a 500 horsepower engine. The extremely high
.. power requirement is caused by the use of small diameter, fully enclosed

; centrifugal fans for both propulsion and 1ift.

Fan-Tastic was designed by the author for construction by the amateur
builder. In the design, both efficiency problems and noise problems
. were attacked directly. Performance of the craft is discussed by
. Palmer in Reference 1. This paper is addressed to the exterior noise
' aspects of the design and the results achieved. Additionally, the lower
.~ practical noise levels of this type of vehicle are explored,

. DESIGN ASPECTS OF QOIET SEV'S

The principal noise producing elements of an amphibious sev are the en-
gine, 1ift fan and propeller. A separate 1ift fan and propeller of
fairly large diameter must be used to achieve high vehicle efficiency.

9 of 27 16/09/2023, 15:26
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1/Palmer

7

The engine may be buried within the craft or mounted externally. From
acoustics considerations, the buried engine represents the best configu-
ration, Buried engine noise control is similar to noise control of an
automobile engine, except that higher continuous engine output is re-
quired in the sev application and sev engines tend to be light-weight
and air cooled. However, engine noise is controllable if effort is made
to enclose the engine, acoustically treat air inlet and outlet ducting,
and provide an adequate muffler.

Fan noise is generally characterized by an irregularly shaped pressure
pulse, which is produced at the fan blade passing .frequency. The pulse
shape produces harmonic “spikes" in narrow band Fourier Transform data.
Broadband noise is produced which can be the order of 20 d8 below the
spikes. Fan pulse noise can be minimized by keeping fan blade to stator
and support structure spacing large. "A" weighted, or subjective noise
levels can be reduced by using fewer blades, which can shift fan pulse

-rate to lower frequencies. Broadband noise may be reduced by using

lower blade tip speeds., The fan may also be buried deeply within the
vehicle, and acoustic linings may be used upstream,

Propellerzaoise is the most severe problem for the sev designer.
Trillo's[ empirical study of propeller noise shows that propeller
noise is primarily a function of propeller blade tip speed and secondar-
ily a function of horsepower absorbed by the propeller. HNoise charac-
teristics of the propeller are similar to the fan and the same rules for

noise reduction apply except that the propeller cannot be buried within
the hull.

One might expect that a duct could be used on the propeller as an aid to
increase propulsive efficiency and reduce noise, Frequently, ducts are
used on sev's. Hawever, from aerodynamic considerations, a duct can
represent a performance penalty for a sev if the propulsive efficiency
is high as is the case for the vehicle to be described.

VEHICLE DESCRIPTION

Fan-Tastic is a single place, single engine amphibious sev. An overall
view of the vehicle and its specifications are presented in Figure 1.

The vehicle is designed around an 8 hp (at 3600 rpm) Briggs and Stratton
vertical shaft diecast aluminum garden equipment engine. A 24-inch di-
ameter, six blade 1ift fan is directly driven by the engine. The fan hub
to engine shaft adapter serves as a drive pulley for the 48-inch diameter
jtwo blade propeller. The propeller vee belt drive is folded from the
‘horizontal plane of the fan to the vertical plane of the propeller via a
"mule drive", using two idler pulleys. The engine exhausts directly out-
board on the starboard side through a small muffler.

2/Palmer

The engine to propeller nominal drive reduction is 2.2/1. However,
under the static thrust conditions of the noise tests, the operating
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SPECIFICATIONS

Gross Weight 440 LB Tap Speed Water 25 mph
Useful Load 260 LB Tap Speed Land 30 mph
Empty Weight 180 LB Fuel 18 mph later 34 mpg
Power 7 HP Test Engine Operating
Length 11 FT Speed (Static) 3080 rpm
Beam 7FT 50 ft Passby Maximum

Noise Level 83 dBA

FIGURE 1 VEHICLE OVERVIEW

drive ratio proved to be 2.35/1, corresponding to a 7 percent belt
Mcreep".

3/Palmer

9

TEST PROCEDURE

The vehicle was anchored in the middle of a grass field. Two sidelines
were established 25 feet from the vehicle centerline. The vehicle was :
operated at full power and data was direct recorded on a tape recorder [
while the recorder operator walked the sidelines. A pistonphone cali-
brated 1/2 inch condenser microphone was used. The static vehicle,

moving measurement point was used as vehicle full power operation would
cause excessive speed problems and reduce data integration time in the
small field available for the tests. Also, the static vehicle near

field propeller, 1ift fan and engine exhaust acoustic signatures, which
were recorded, could be related to far field narrow band noise data.

Data was reduced to octave band and 4 Hz narrow band presentation,

TEST RESULTS

From a noise standpoint, Fan-Tastic proved to be extremely complex.

, There were obvious differences in spectral content even to an aural

. observer as he walked around the craft.

The noise radiation was obvi- '

. ously asymmetric about the vehicle centerline, no doubt due to the asym-
. metries of the exhaust, engine valve train location, and rotor votation.

A distinct pulse note was easily observable all around the vehicle. An :
extremely sharp edge pulse was observed in the aft arc on the starboard 1
side of the vehicle. The source of this noise was probahly an enaine
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.

exhaust gas-propeller interaction.

Highest sideline A weighted noise levels were observed directly abeam
the vehicle, as this represented the point of closest approach. (Moving Y
vehicle tests done in the past indicated maximum noise levels in the aft,

arcs.) Octave band spectral content is shown in Figure 2 for a 50-foot
sideline distance.

The high A weighted level shown in the starboard (exhaust) passby data
is caused by the high frequency noise content of the engine valve train
and exhaust noise. The propagation direction is directly outboard in
the divection of exhaust gas flow, although no doubt there is some
direct valve noise radiation through the engine structure itself.

The starboard noise levels could be reduced to the port radiatfon levels
§f the engine exhaust was ducted down through the hull, and a metal
cover were placed over the valve area of the engine (allowing room for
cooling air exhaust).

Although the low frequency content of the starboard radiated noise is

also above the port side radiation, it does not contribute significantly
to A weighted levels.

4/Palmer
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L.OW NOISE LEVEL AMPHIBIOUS SEV

Sideline exterior noise levels of Fan-Tastic could be easily reduced to
the 78 dBA 50-foat sideline level of the port side if the aforementioned
improvements were incorporated.

%0 =1 | T T T
FAN — TASTIC 50 FOQT SIDELINE NOISE SPECTRA
o
g bl
; 3 ..“- ._..00"¢'-l-.-..'-O“'.-.A..
g '-.?...FT‘---..."‘ . n.'..
¥ 70 '-,".. 'zi 3
g .-....;'l.:L !
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i *"«:
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&0
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L STBD -83dB A
: |
X } ! T
063 125 .250 500 1 2 4 8

PREFERRED OCTAVE BAND CENTER FREQUENCY IN KHZ

FIGURE 2  VEHICLE 50 FOOT SIDELINE
PASSBY MAXIMUM NOISE LEVELS

Ultimately, after engine noise is reduced the vehicle rotors themselves
must be considered for noise reduction.

Fan-Tastic rotor noise was ascertained by recording near field signa-

tures of the 1ift fan, propeller and engine exhaust to separate engine
broadband noise from rotor noise.
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Harrow band reductions of fan, propeller, anq_engine exhaust_sjgnatures
are shown in Figures 3, 4 and 5. Blade passing and engine firing funda-
mentals and harmonics are noted in the figures. :

5/Palmer
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The fan signature consists of two harmonics which are the order of 25 dB
above broadband noise levels, and additicnal narmonics that barely ap-
peared above the broadband levels. The data suggests a wave train (in-
verse Fourier Transform) of a sine wave with maxima and minima dimpled.
However, the wave train is altered as it projects to the far field, as
harmonic content in the far field was considerably modified. Unfortu-
nately, engine broadband noise could not be adequately rejected due to
the close proximity of the fan to the engine.

The descending in echelon harmonics of the propeller signature suggests

a wave train of sharp edged, short duration pulses, as would be expected
from the low solidity propeller.

Engine noise rejection was good, as the microphone could be held well
away from the engine and yet close to the propeller blade tips. The
fundamental spike is over 30 dB and the "skirts" of the narrow band
filter used come together before broadband noise is encountered.

6/Palmer

IZ) PROPELLER SIGNATURE

3 IN. QUTBD PORT BLADE TIP AT
PROPELLER CENTER HEIGHT

Lo
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~i The engine exhaust signature was well buried within the propeller noise
**y levels, and only the fundamental is well defined. It should be appreci-
<t ated, however, that it was obvious, from a subjective standpoint, that
", there is cansiderable high frequency noise content in the exhaust, and
even the most minute variations in exhaust wave train shape will destroy

the high number harmonics in the exhaust, and produce high frequency
broadband noise.

It can be surmised from the propeller data that propeller broadband noise
levels are very low. Therefore, an octave band spectrum of the propeller
can be generated using the propeller maximum harmonic levels alone. The

A :
& |
§
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FIGURE 5  ENGINE EXKAUST SIGNATURE

octave band spectrum constructed from the harmonics is shown in Figure
6. A propeller alone noise level of 66 dBA at 50 feet was determined
from the narrow band spectrum as recorded in the far field. The spec-
trum is constructed from narrow band presentation of the 25-foot side-
line data, rather than the signature data so that it is truly represent-
ative of far field data.

Although fan signature broadband levels were high due to the fan loca-
tion being next to the engine, it is likely that fan alone broadband
levels are low as in the case of the propeller, as fan and propeller
blade tip speeds are similar. Also, the fan harmonics have been ob-
served to be extremely sensitive to engine mount structure location.
Although the fan fundamental is aurally obvious, moving the fan down the
engine shaft only 3/4 inch, increasing the fan to engine mount spacing
to 2-1/2 inches eliminates subjective recognition of the fan fundamental.

The far field fan alone spectrum, estimated in an identical manner as
the propeller spectrum, is also shown on Figure 6.

8/Palmer
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CONCLUSIONS AND RECOMMENDATIONS

The Fan-Tastic light amphibious sev produces a relatively low average 50
faot passby sideline noise level of 81 dBA over grass at full power.
The vehicle is engine noise dominated.

‘ Combineq l1ft‘fan and propeller noise level is in excess of 10 dBA below
! the engine noise level. The low noise level of the rotors is a product
' of design for high efficiency in addition to low noise praduction.

Ag vehicle size increases, rotor noise will increase. But if high effi-
ciency design philosophy is used, vehicle noise ls els may still be
engine dominated. For instance, based on Trillo s, and the author's
apalyHca‘l design procedures, the propeller noise for an efficiently de-
smneg 100 maxir‘nu_m_ total horsepower, eight place, 45 mph top speed sev,

§ ey
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LFan-1astic would be a one-half scale model) would be only 11 dBA above |
the Fan-Tastic propeller noise level.

9/Palmer
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i As engine noise of large vehicles should be easier to control than is
the case for small vehicles, it is 1ikely that vehicles of the order of
ten place can be built with exterior noise levels within 10 dBA of a

ﬂ single place vehicle.

It should be relatively easy to reduce the Fan-Tastic 50-foot sideline
+ noise levels to below 75 dBA by burying the engine exhaust in the hull
and acoustically shrouding the engine. Therefare, it is recommended
that target exterior 50-foot sideline noise levels, for manufactured
vehicles, as measured at full power over a grass .reflecting surface,
should be 75 dBA for one place vehicles, and graduate upwards to 85 dBA
for a ten place craft. These noise levels are consistent with current
noise levels of snowmobiles, motorcyc]e? 3nd pleasure boats, as reported
by the Environmental Protection Agency. 3) As the sey industry devel-
ops Tower levels then may be achieved.

It should be appreciated that the sev rotors do present an ultimate
noise floor and as noise levels of other types of vehicles are reduced
~ through development, the light sev may not be able to do likewise. [t
should be recognized that the light sey possesses a potential for excep-
“tionally low environmental impact in other ways, as it applies no forces
to the terrain, nor does it excessively disturb water surfaces or sub-
merged terrain.
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And here is still another paper showing the most fundamental analysis of a small sev.
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FAN-TASTIC, A LIGHT AMPHIBIOUS SURFACE EFFECT VEHICLE

Barry H, Palmer
The Boging Company
Scattle, Washington
. f‘:' » b ¢ .
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Abstract ritcyotad

Methods are discussed for achioving high elliciency and reliuhility, while at the same time obtaining & ot

low ooiss level from a light smphibious surface effect vohicle, An operating protatyps high-efTiciency ’

vehicle ts described and its pecfonmance and design are related to vehicles of more tional dealgn - A A ..

philosophy.

T s

¥ ™ NOMENCLATURE
. A Cushion area, (12

NGRS 3 LA
LRSI KB A S et

1. INTRODUCTION -
Although there have been n substantial number of a'ticmptx to

2 o
: Acx Qushion usidesflow leskage area, ff : manufacture a light surfoce effect vehicke (sev) and there b
e Ar  Cushion fan throughflow arza. ft2 been some activity by amateur builders since the mid-1950%.
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only large Engtish ceaft have achieved a degree of success.
* Vehicle wavemaking drag, Ib

Open propeller diameter, ft ’ Most attempts at producing 8 truly viable light sev have resolted  ©
> in wehickes which are elther excestively noisy, inefficient, or ‘
; unreliable, In some cases all three problems can be mclmd
Fan dumping losa coefflclent with a single vehicle design,

Cushion pressure head, ft of water

Wave drag cosfficient 1T Vgt e S
i B . . “Fan-tastic™ is the outgrowth of’a program to eliminate the
Cushion Jength, ft RN £.3 pincipal problems associated with light eeva and at the same
. : .. tHme provide & basis for the design of efflcient, qulet, and
Cushion fan power, ft-b/sec D o res———
25 B / g ; relisble light amphibious sevs, The vehicle & Mustrated m{w
Thruster power, ft4b/sec major specifications summarized in fgore 1.

Vehicle velocity, ftfsec

2 4 It should be realized that vehicle configuration selection is more 5.
Fan throughflow veloclty, ftfsec A " a"an art than a sclence. The practical designer must work with
Vehicle operating weight, ib L g exisling matesials (and sometimes complets assemblies, sach s -

A engines) and thercfore practical decisions must ti be
made at the expense of thegretical optimums,

Air weight density, Ih/fe

Fan acrodynamic elficiency <
flic A complete theoretical teeatment of amphibious svs can be |
Celon Pysraim Dvmell (it found in Williams. () Tt Is the intent of this paper to beidge the -~

Propuksive efficiency : £3p between theory and practicality,

66 X

2.1 PROPULSION

Yor the purposes of this discussion, propulsion will be limited
to air jet reaction, since it appears to be the simplest system for
amphibious sevs.

Fan-tastic was designed so that the average homebuilder could
construct and maintain it. Therefore, the open or unconfined
propeller was selected as the propulsor, as it was felt that
maintenance of the tight blade tip clearances and construction
of a large diameter duct would be difficult for the amateur.

Assuming incompressibility and using the basic momentum
considerations, and assuming one-half the momentum increase
in the air passing through the thruster occurs ahead of the
propeller:

_‘_’L teV3 1
e ) <“
d 21, P

Propulsive efficiency for the open ptopelier is entirely a

BG4 Fan-Tastic function of propeller dis¢ loading, Py/d2, and vehicle forward
Single-Place Amphibious Sev ) : ¢ -
(Specifications) speed, given the independent variable of air density.

As can be seen by the equation, either vehicle forward speed
Gross weight 4401b must be high or propeller diameter must be large for a given

Useful load 26010 horsepower for high propulsive efficiency.

Empty weight 180 1b

Power (Briggs and Stratton 7 hp at 3300 rpm Obviously, as propeller diameter increases, the total propulsion
fourcycle) rated 8 hp at system of drive, rotor, rotor support, and rotor guard increases
ig:g:::;“’ thrust/lift 50/50 in weight and, therefore, at some diameter the increased
Mo voms losdina 63 Tofhomepdinee propulsion system weight may impose an overall vehicle penalty”
Léngth 11 1t greater than the advantages obtained from increased propulsive
Pens 7t efficiency. A baseline weight for the propulsion system at some
Cushion area 54 ft2 specific diameter must be estimated and modeled geometrically
Fuel consumption, 18 mph 34 stat miles/U.S. gal to give a suitable numerical model with which an optimum
;lt?lr]’gﬂ cruise, sea level diameter may be selected.

Refusal gross weight 470 1b Propulsive efficiency, Ny, 25 @ function of propeller disc loading,

(maximum weight over hump,
still water. sea level air)

P/d2, and vehicle forward speed, V,, are plotted in figure 2.
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Figure 1. Overall View of Fan-Tastic and Specifications

2. VEHICLE CONFIGURATION

Although the vehicle elements are categorized in this paper, it
should be realized that they are interdependent and each
element should be evaluated as to its effect upon the overall

https://'www.hovercruiser.org.uk/sev3/index.php/techni...

.

A propulsion system is modeled numerically, using the final
weights achieved on the Fan-astic vehicle propulsion system.
The effect on Fan-tastic vehicle top speed is also plotted in
figure 2.

Obviously, as propeller diameter increases, the craft’s top speed
increases if a simple model of drag is employed, assuming the
drag is proportional to the craft’s forward speed squared.
However, since the simple drag assumption does not account for
vehicle weight which is of significant influence (as will be seen
later), vehicle top speed continues to rise as the propeller

system.

1.2
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Figure 2. Effect of Propulsor Propeller Diameter on Vehicle
. Performunce
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Because the effect of vehicle weight upon vehicle top speed is
quite intractable to analytical procedures (as will be seen later),
. better picture of the effect of propulsor diameter on overall
vehicle performance can be observed if vehicle gross weight is
increased relative to the propulsor's ability of planing the
vehicle out or accelerating the vehicle over hump speed.
(“Hump" speed will be discussed later.) The vehicle payload can
then be broken from the baseline model, and it can be shown
that both top speed and vehicle payload increase even when the
propeller exceeds 72 in., an impractically large diumeter,

The payload increased by only 141b and the top speed
increased by-less than 2 mph in going from a 484n, rotorto a
724n, rotor, It was therefore decided that the performance
benefit derived through use of the larger rotor was not
gignificant enough to outweigh problems of construction,
overhead clearance, handling, and trailering a vehicle with a very
large diameter rotor, and the propeller diameter was held
to 48 in.

Rotor shaft speed sclection is also an important factor in
propulsor design. If the shaft speed is too high, the blade pitch
angle becomes too low, and the rotor operates at low
acrodynamic efficiency. Analyses by Wood(2) and others using

N

68

diameter approaches infinity.
67

the same assumptions as in equation (1) have shown that blade
pitches flatter than 8% as measured at three quarters of the
blade radius, result in significant reductions in propellcr
efficiency below that which would be obtainable from a
propeller using the same airfoil but at a pitch of the order of 10°
to 12°% Also, losscs due to flat pitch are aggravated by low
airfoil efficiency. Since the averuge homebuilder is apt'm
produce airfoils of lower efficiency than a manufacturer, a 12°
angle was selected. Sclection of a higher pitch angle resulted in
excessive drive bulk and weight because of the lower shaft
speeds required, k

An increasingly important consideration in propulsor design is
noise. Trillo,(3) in an empirical study of a lurge number of
propellers, shows a general trend of noise production as
primarily a function of propeller blade tip speed and second-
arily a function of rotor horsepower. Extrapolations of the
Trillo information to the Fan-tastic rotor resulted in noise levels
of the 300 ft/sec cruise tip speed propeller being more than
10 dB(A) below the B5 dB(A) at SO-ft noise level of the enginc.

Another henefit of low propeller tip speeds s that the blade
erosion problem is reduced markedly, and wood or fiberglass
Ieading edges have been found to be more than adequate for
Fan-tastic,

2.2 LIFT

The primary consideration in lift fan design is minimization of
power consumed for cushion charging. Cushion power is
absorbed by fan aerodynamic inefficiency, pressurization of the
steady flow of air needed to replenish the cushlon, and losses
resulting from inefficiency in recovering the throughflow veloc-
ity energy of the air passing through the fan and into the
cushion. The fan throughflow velocity loss can be lumped with
the cushion pressure term as follows:

V.2 ":.: w4y
w ax wr fia 2
Pre=t Ko 5 pie @

The coefficient K is a function of the flow geometry through
the fan and into the cushion and may be as high as 2 for the
simplest ducting arrangements (e.g, the simple rounded fan
inlet with no exit duct used in the design of Fan-tastic).

From equation (2), it can be seen that if practical restraints
dictate a given complexity in the cushion charging flow path by
such things as engine mounts, and the engine location in the
case of Fan-tastic, alternatives for reducing the apparent total
downstream pressure are a reduction in vehicle gross weight, an
increase in cushion area, or a reduction in fan throughflow
velocity, _ i
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Vehicle  gross weight was fixed by; the requirement that
relatively available, nonexotic, and heavy materials had to be
used in consideration of the home builder. A heavy engine was
selected for reliability and the capability: of direct driving the
fan (as will be seen later). The useful load selected for the
180-1b empty weight craft was 260 lb.

Cushion area was determined by vehicle planeout capability and
a desire to minimize frontal area for top speed considerations.

Reduction of the fan throughflow velocity, V,,, can be
obtained at the cost of increased fan diameter and weight.

As can be seen from equation (2), the “dumping” loss is a
function of the fan axial flow dynamic pressure. The cushion
pressure term in equation (2) can be expressed as the
dynamic pressure of the discharge flow. Since continuity of the
fan cushion system must be maintained, the fan throughflow loss
can be expressed in terms of the cushion underflow leakage in
terms of the ratio of fan throughflow area to skirt underflow
leakage area, and the efficiency of the overall system can be
expressed as follows:

)

1
n = n —_— — ——_—
J a(l + KlAgy/ At‘)z (3

Since the skirt underflow leakage area, Agy, is usually fixed
because of practical considerations, it can be seen from
equation (3) that cushion charging efficiency is a function of
the fan acrodynamic efficiency and the ratio of the skirt
underflow arca to the fail throughflow area.

Fquation (3) is plotted in figure 3 for a fan aerodynamic
efficiency of 70% and loss factors of 0, 1.0, 1.5, and 2.0, which
is the range of expected loss factors for simple fan throughflow
geometry.

In the case of Fan-tastic, it was decided to compromise fan
throughflow area and attempt to drive the fan directly with the
3000- to 3600-pm engine shaft, for increased simplicity of
construction and reliability of the finished product. Fan flow
volume has not been measured, and a locus of operation is
shown as a function of cushion *“daylight” flow or cushion
underflow leakage area expressed in terms of an average skirt-to-
surface clearance. Volume flow, shaft speed, and required pres-
sure rise dictated use of an axial flow fan, from specific speed
considerations as shown in Shepherd.(4)

Az in the case of an open propeller, the tangential discharge
velocity components are low in the flat pitch fan design used in
Fan-tastic and diffuser vanes were not required.

69

K=0, F‘Ml A!ch EFFICIENCY = 0.70
P,
CUSHION ‘
CHARGING = ¢
EFFICIENCY s
X .
)
1
X )
A
0 10 20 30 40 50
FAN AREA/CUSHION LEAK AREA
Figure 3. Cushion Charging Efficiency
; i g "‘W
2.3 POWER

Since Fan-tastic was to be a recreational vehicle, adherence to
stringent design performance specifications was not necessary.
The vehicle was designed to have the capability to plane out an
adult and youngster of 250 b combined weight, using an 8-hp
Briggs and Stratton engine. Vehicle top speed and rough terrain
capability were of secondary consideration. The particular
engine was sclected on the basis of its low cost, and the fact
that it was the highest powered die cast aluminum garden
equipment engine available at the time. As most small sevs of
the same payload capability are powered with 20- to SO-hp
lightweight two-stroke engines, the project was undertaken with
the knowledge that there was considerable uncertainty of
successful completion,

The engine weighs 441b dry and is limited to 6.8 hp at
3600 rpm by a manufacturersupplied governor.

Early in the design, it was decided that the power would be
divided equally between the cushion fan and thrust propeller.
The vehicle engine installation as matched to, the current
propeller and fan design produces 7hp at 3300 rpm. (The
governor had been removed.)

3. PERFORMANCE ESTIMATES

3.1 DRAG

Vehicle drag can be broken into the components of aero-
dynamic body drag, momentum drag, and skirt drag. When the
vehicle is operated over water, the skirt drag can be broken into
two components of induced and parasitic drag.

20 of 27
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)
3.1.1 Aerodynamic Drag

Due to the abrupt shape of a sev and the fact that it operates
next ta’a surface with its attendant interlerunce, the form drag
of 4 sev is quite high. Elsley and Devercaux'®) suppest a drag
coefficient of around 0.5 bused on wehicle frontal area.
Hoermer®S! gives similar form drag coefficicnts for wheeled knd
wehicles,

Althaugh considerable acrodynamic lift i geaerated by a sev or
wheeled lund wehicle, there is litthe Induced drag due (o the
proximity ol the ground plane preventing downwash behind the

https://'www.hovercruiser.org.uk/sev3/index.php/techni...

drag can be high enough to arrest the yehicle forward progress
completely. y

A practical minimum for daylight clearance for a recreational
vehicle is an average 5/8 in., which is the case for Fan-tastic.

3.13.2 Owerwater, Cakulstion ol overwater friction drag is
quite dillicult as a definition of skirt wetted surface is required.
Operating expericnce with Fan-lastic has shown that skirt
friction drag is high in very smoath water, drope to lower values
in a |- 1o 24n. chop, and then rises again 25 se38 build. No

vehicle. However, production of tratling vortices, and indication
of induoed drag, is obvious in the casc of wheeled vehicles with
exceadlve cxhaust emissions. 1L i probable that the condition
also exists for sevs, although it Las not beva vbserved.

3.1.2 Momentum Drag

'Ammlng that 4 moving sev ingests cushion air which was
lormerly stationary and expels it equally around the wehicle, a
net drag is cacountered becaus: of the air heing accelerated to
wvehicle speed and expelled with zeto average momentum.

In Elsloy snd Deversaux®) it is suggested that momentum drag
be calculated dircctly from wehicle speed and cushion fan mass
throughllow rate. However, it has been the suthor’s experience
with Fan-tastic and ils unique xkirt design that flow from the

- cushivn lorward is almnost halted, while the majority ol Lhe

expelied air is directed to the sides and aft, The sharpness of the
Jower edge of the vehicle's bow skirl results in a lower flaw
dischunge coefTicient than exists at the sides and all. The vehicle
ran dypamic pressure is significant when compared to cuslion
pressure (1.6 Ibmz = compared to a typical operating cushion
pressure of 6 to lllbll'lz). Opcerating expecience has shown the
possibilily of running a vehicle with & specially tailored skirt
with the bow skirt much nearer the water surface than is normal
with light sevs, With flow beak all but elimi i from the
bow and forward quarters of the craft, it = possible to have a
oogative mumentum drug; that is, cushion charging powee can
be recovered in the form ol s net thrust (which is at lower

* efficiency than the main propulsor efficiency ) with appropriste

skirt design and vehicle operation.
3.1.3 Skirt Drag
3131 Owesland. As Jong us no extreme irregularities are

encountered, overland skirt drag ower most surfsces without
wegetation is low enough Lo be insignificant.

Ho . if vegetation, discrete scparate bould orap

surface is to be traversed, Lhe skirl tends to fill in leakage paths
betwoen saliont surface proj If the projectiops are
significantly higher than the “daylight” clesrance of tie skirt,
and the skirt is incopable of deforming the projections, skirl

B known in this ares, although the
author hag estimated skirl wetted area as being between | and
4 112 under various aperating conditiors by calculaling a vehicle
drag breskdown to yield a friction drag quantity. Friction drag
is yuile wensitive to wehicle loading a8 daylight dearance is
altered.

1 imf
ntor

Wave, ar plancout, or “hump" drag is similar to the induced
drag In airplanes. Salutions for tiis drag have been worked by
Lamb7? and others. All the solutions arc reducible ta the form
below for the highest wavemaking drag, which occurs Just
belore planeout:

"
D Fw i )

where the constant K,, miy vary depending upan vehicle
planform effects.

The author finds that if & K ol .15 is selected, a design vehicle
atatic tluust can be selected an the basis of the lilt-do-<lrag ratio,
WiD, at hump determined lrom eguation (4),

The vehicle velocily at which the maximum wave dreg occurs
can he determined from momentum considerations of the water
llow undernesth the vehicle as in reference (7). However, it
usually suffices Lo sswne thal maximum wave drag oocurs at &
Fraude number of 0.6, assuming the “hull™ Jength to be the
Jength of the air cushion. Wave drag for Fan-tastic al speed is

Jess than a pound. -
32 VENICLE PERFORMANCE ot
Vehicle pesli was d using & aimple procedure.

First, vehicle static thrust was nwasured along with engine shaft
gpeed at maximumn power. The vehicle w3s run 10-top speed in
still nir and engine shaft speed was agiin noted,

A ing that the calculated design Lhrust for the propeller
with the vehicle al speed was correct and that the propeler was
operaling at its best design performance, giving the slope of the
thruse curve from snalylics, a propeller thrust curve could be
construcled for a given englne shaft spoed. A complote family
ol propellec thrust curves could then be generated wusing
turbomachinery affinity laws.

70

The vehicle was then operated at a given weight and engine
speed, and the speed obtained was measured with a wind meter.

The vehicle drag is shown in figure 4. It should be noted that a
small increase in gross weight has a marked effect on the hump
in the drag curve, yet little effect on the top speed. In practical

operations where wind and seas are involved, the reduction of

daylight clearance at the higher loading has a definite effect on

top speed, and a 3-in. chop could slow the vehicle 7 mph at a
2504b payload loading, yet speed up the craft 2 mph at the

1604b payload loading.

|
Enaine proELLER
BINATION, 100%

tip speeds are as high as 900 ft/sec. Frequently, leading edges of

the propulsor are protected with steel.

Most lift fans used in these craft are small diameter plastic
commercial axial flow units, but occasionally a centrifugal fan is

driven by way of a belt reduction.

Figure 5 shows a sampling of these vehicles, taken from the

author’s personal records.

Vehicle
(no. of %
places) Thrust ﬂ Power
English Manufactured Craft
® Hoverhawk  Two dir dr I indr Three 2-cycle
(one plus) duct prop dr cent 48 tot hp
® Crossbow One solit flow dir dr One 2-cvcle
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s\ s v—— (three) ™ T e i
0| .z R
THRUST - l \ North American Manufactured Craft
DRAG, LB %:
L8 Vi ] ' ' ® Eglen Onedirdr  Onedirdr Two 2-cycle
20 Hoverbug duct prop axial fan 56 tot hp
. (one plus)
3MoLs ® Air cycle One split flow axial One 2-cycle
ol (one plus) flow fan 55 tot hp
® Hoverover Two dir dr Two indir  Three 2-cycle
(one plus) duct prop dr cent fun Sl tot hp
® Spectra One dir dr Two indir  Two 2-cycle
'o 10 20 30 &0 50 (one plus) prop dr axial fan 45 tot hp
SPEED, STATUTE MILES/HR ® Airscat Oneindirdr  Oneindir  One 4-cycle
{one plus) duct prop dr axial fan 55 hp
Figure 4. Estimated Thrust-Drag
English Homebuilt Craft
A more exact picture of overall vehicle performance would . g:‘i:’f“ 3 One dir dr :)X'E:Jdri:nd' ;‘;‘m 2-cycle
1
require the use of tow tanks and wind tunnels of civilian and prop , el i
o7 : Al ® Crested Wren  One dir dr One dirdr  Two 2-cycle
military agencies. Such data from more sophisticated tests could (one plus) prop axial fan 32 tot hp
yield good drag breakdowns to provide baseline data for larger
craft, but at this time interest in small sevs by such agencies is North American Homebuilt Craft
_on the ebb. ® Dobson One split flow indir One 2-cycle
S A 3 390 Adr Dart d ial
4. RELATION TO EXISTING CONCEPTS prire raxialfan, .. ....10t020 hp, .,
The current trend in these vehicles is to use multiple two-stroke » g::‘;;‘cr O"C;r‘i;.ﬂlor indir ?6‘; 2-cycle
axml 1an
engines of high power to separately direct drive lift and (one) .
propulsion rotors. Occasionally, flow from a single direct drive (nonplaning)
rotor is ducted for both lift and thrust. Total horsepower for ® Rartlett One dir One 4-cycle
the vehicles, which are usually one place with limited capability Flying Saucer axial flow 3 hp
with two aboard, ranges from 3 for nonplaning vehicles upward ggr;ii)ona
to over SO total installed horscpower. However, the full plalrorm;y
horsepower of the engines is scldom used because of limitations
posed by direct drive rotors.
Figure 5, Thrust, Lift, and Power Plant Data for Contemporary
The propulsors for these machines are generally of considerably Sevs

smaller diameter than the 48-in. rotor used on Fan-tastic, and

; bal .
. Personal - experience . and the experiences of others have . {(3) R. L. Trillo, "An Empirical Study of Hovercraft

indivated poor reliability of these vehicles, principally caused by «1 . Propeller . Noise,” Jowrnal  of - Sound and
somewhat temperamental engines. Extreme noise levels caused Vibmnon 1966 3
by both engine cxhausu and high rotor tip speeds are generall : :
o 7 genenally . (4) D. G. Shepherd, Principles of Turbomnc#mcly The
: N St o ' MacMillan Co., New York, 1957 . -
“ai gt ol et 3 3 (5) G. H. Elsicy and A J. Devereaus, Honrcmﬂ Desgn
5. CONCLUSIONS and Construction, 'Comell Mantune P:cu. Inc.,
The light sev can be built with considerably lower power .., Combridge, Maryland, 1968~ © ™
requirements than has heretofore been asumed, if careful (6) S. F. Hoerner, Fluid Dymm&c Dnu published by
vonsideration is given to analytical aspects of design, S. F. Hoerner, 1967
It is hoped thal the success of such vehicles as Fan-tastic will (7 Sir Horace Lamb, Hydmdylwmic.r Cambridge
rekindle interest in Gowernment agencies which have the Umvuntyl’nm
facilities for more rigorous practical investigation. e {
' or ;‘,mogmny % ;
e :_;’_v‘ Barry Palmer, a graduate of the Univessity of California at
Yo BEI-;!;'RENCES v Berkeley “in mechanical engineering, has been active in the

design of turbomachinery, syslems optimization, and acoustics
in various agrospace companics. As a homebuilder, he was the
first of the Rogallo wing hang glider activists, having Nown
(2) K. D. Wodod, Aircraft Design, Johnson Publishing these cruft in 1961, and has since designed and built many

(1) G. H. Williams, Homebuilt Hovercraft, Wiffe Trans-
port Publications Ltd., 1967

: Company, Boulder, Colo., 1966 powered parawing aircraft, airboats, and surface effect vehicles.
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It's in the Numbers
Below is a numerical spread sheet model of the straight line performance of a surface
skimmer.

SiEY ANALYSER, L4LNR, 1188 —— l

1.42 561
(forcror) pmicony,
- WT BUDGET AT K1 [sTrucTuRE
DRAG COMP AT K23 HULL
m PRELIMS AT 19 DECK

| CUSHION AT 30 SKIRT

==—"| PERF AT 49 rowm
LOW COMP PLOT AT 108 ENGINE
HULL SIZE AT L66

= P i
SOEG UCTRA 3 BL 14

DRIVE
DRIVE FR.
ROTORS |
GUARD
l 00239 DENS BATTERY
{1 Bik Db CMPELATY | e TIOHP  [MISCELLANEOUS
GAS TAN
SOFT TO
CONTROL
RUDDERS
FIRE
WINDSCR
ANCHOR

e
UPDATED 09-94 1
VANGUARD SEV 18HP, 7 X 14

38 PRPMFAN 2930 RPM

CUSHION  VOL FLOW THROUGH v THROUGH Q@ REQ'D RETURN EMPTY CENTER OF
(CFS, FT/SEC AERO EFF, N LIGHT WT CENTER

R 1.42 FIRE
REFUSAL GROSS WEIGHT= 560.58 WINDSCR
SPEED  ADVANCE _ THRUST PROP _ THRUST  TOTAL  AERO  WIPE  WAVE |Ai0uueBRAG (LB) ANCHOR
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MPH RATIO __ COEFF LB DRAG __ DORAG __DRAG ORAG | RETURN (tmnom
7.0 081 31 52.9 37.2 09 0.7 35552 USEFUL

0 000 140 56.5 0.0 0 0.0 005 JRAG COMPONE rFusL

1 012 REL] 56.0 0.0 00 00 SCOUT 5.5 X 10 12HP

2 023 137 S5.5 103 0.1 01 102

3 035 136 55.0 156 0z 01 153

4 047 135 54.5 21.0 03 02 204

5 058 134 53.9 26.4 05 04 255

6 070 132 534 31.8 07 05 306

7 081 a3 52.8 36.8 09 07 352 SEV OV

8 093 a29 52.3 29.0 12 09 269 VANGUAF
9 Ja0s Jd28 216 51.7 24.0 1.5 T2 23 STILL DEI
10 BEL 27 .23 511 20.5 19 14 172 DRAG (LE
i8] A28 125 258 50.5 18.2 2.3 1.7 142
12 40 A28 219 49.9 16.7 2.7 2.3 12.0 SEV HL
13 A5 122 298 49.3 15.8 34 24 102
14 63 az21 37 48.7 153 3.7 2.8 8.8 BASELINE
15 a7s 19 335 48.1 151 4.2 3.3 7.7
16 86 A7 353 47.5 15.2 48 37 6.7 HULL
17 198 J16 370 46.8 15.5 54 42 8.0 WIDTH
18 210 14 388 46.2 16.0 60 47 53 1.5
19 221 13 402 455 16.7 6.7 5.2 4.8| 3.5
20 233 an 417 44.8 17.5 75 5.8 43 5
21 244 108 4% 442 185 8.2 6.4 3.9 7.5

| STRAIGHT LINE PERFORMANCE
VANGUARD SEV 18HP, 7 X 14

17
| THRUST

50'.0_‘.;7 = -  ——l— -

(Le)
:

The spreadsheet was generated from the equations shown in the first paper. The upper left
section is the input file, (for the Sevtec Scout) where the surface skimmer is defined in the
simplest of terms. The items backgrounded in yellow are absolutes, while the blue areas are
input generated through test experience with the craft being studied or from experience from
past craft. (To the right are "buttons" for navigating through the spreadsheet, which extends
well beyond what is shown here, and have nothing to do with the analysis.) The blue block
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just below the input file is the results of calculating various overall surface skimmer
parameters as generated by the input file data. The next block down shows the cushion
performance. The red horizontal line is positioned at the fan maximum expected efficiency to
pick up a daylight height under the skirt running surface. ( A more realistic place to put the line
is just below 70% giving a lesser height than shown.) This number is a relative number, or it is
used to compare craft, as there are other functions involved, (such as under skirt discharge
coefficient) and is not an absolute measurement of the actual daylight under the skirt. The last
block is thrust and drag breakdown, and a plot of propeller thrust and surface skimmer drag is
shown. The top smooth overwater speed is where thrust crosses over the drag curve. This is
only one of the spreadsheets used by the author to design craft. More of the spreadsheet (for
Sevtec Vanguard prototype) follows. Decisions involving propeller and fan sizing, cushion size
and craft powering can now be juggled with weight and trim analysis and lots of experience in
designing, building and operating some two dozen different craft.

jmamormvmmsrmo« 108 N 72.1 PERCENT
GROSS WT CTR OF GRAVITY AT STATION 91N 60.8 PERCENT

WEIGHT BUDGET PCT GROSSWY _ STATION  MOMENT  GRPLOC

[FRUCTORE .

HULL 92

DECK 18

SKIRT 27

ER
o oone e
DRIVE 20
DRIVE FRAMES 19
ROTORS IAN/PROP 12

GUARD 7

] BATTERY 0
pasceansous
GAS TANK

-

OO WHdWDS

EMPTY WEIGHT
GROSS WEIGHT

EMPTY CENTER OF GRAVITY AT STATION 108 IN 72.% PERCEN

LIGHT WT CENTER OF GRAVITY AT STATION 92 IN 61.4 PERCEN

WEIGHT BUDGET GRP LOC

ISTRUCTURE

HULL

DECK ETUR|
SKIRT

ENGINE

DRIVE

DRIVE FR AMES

ROTORS 1°AN/PROP

GUARD

BATTERY

GAS TANK
SOFT TO#?, SEATS
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RUDDERS 4

FIRE 3

WINDSCR EEN 0

B) ANCHOR 0

AYLOAD

USEFUL FRONT SEAT 160

IMPONE FUEL 15
2HP EMPTY WEIGHT
LIGHT WEIGHT

SEV OWER WATER DRAG COMPONENTS
VANGUARD SEV 18HP, 7 X 14

‘WORST CASE

B

l—bm
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AEROQ DRAG

RETURN

3
VANGUARD 7 X 125 HULL

.

o4
R\ ? |
i T, : 203
T’ .'.p‘ . SN . L _ . o
| i
| i
805,
150 -
MODIFY BALANCE FOR FULL S TATIC THRUST APPAREN DELTA
THRUST(LB)  VERTICAL () MOMENT MOMENTWEIGH  CP BALANCE
70 64 4480 006 80.5 8s s

MODIFY BALANCE FOR FULL STATIC THRUST
THRUST(LB)  VERTICAL (IN) MOMENT
70 64
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MOMENTWEIGH cpP

4430 o1o B80.5 2 2
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- : — e -

SEV DRAG COMPONENTS OVER SMOOTH DEEP WATER : :
SCOUT 5.5 X 10 12MP '
\_ - |
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