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SUMMARY

The influence of ter ra in porosity on the operation of an air cushion
vehicle is discussed, with regard to i ts ab i l i t y  to hover over the
ter ra in ,  and to the drag resist ing motion. This discussion is used to
examine an exist ing ter ra in c lass i f icat ion system, and to propose mod-
i f i ca t ions  to i t  to relate i t  speci f ica l ly  to ACV operation.

The design, construction, and cal ibrat ion of a system for measuring this
porosity are described, and an appendix gives such f ie ld  test results as
are available, and corresponding drag data for an ACV over the same
terra in.



- 1

1. INTRODUCTION

(a) The Influence of Terrain Porosity on ACV Performance

The performance of an ACV as regards s tab i l i t y ,  load-carrying
capacity, obstacle negotiation, drag and consequent thrust require-
ment, is d i rect ly  related to the quantity of l i f t  air available in
the vehicle. I f  the vehicle operates over porous ter ra in ,  then a
loss of l i f t  air through this porous f loor of the cushion occurs,
and i f  the vehicle's l i f t  air supply is only suf f ic ient  for the
normal non-porous ground case, then the reduction in "useful" l i f t
air wi l l  cause a reduction in performance. I t  is therefore
necessary to measure the porosity of various types of terra in so
that the l i f t  air flow requirement of a vehicle can be increased
over the normal "non-porous ground" design figure to permit sat is-
factory operation over such te r ra in .

(b) Terrain Description

So far,  there does not appear to be a system of c lass i f icat ion of
terrain suitable to this specif ic purpose. However, Radforth's
Field Description of Muskeg (Ref. 1) appears to cover many of the
elements necessary, and wi l l  be used as a s tar t ing point.  I t
c lassi f ies terrain in three respects - surface vegetation, topo-
graphic features, and subsurface characterist ics.

Surface vegetation often forms a porous mat above the ground sur-
face and i t  is through this that the major air loss probably
usually occurs.

The (micro) topography of the ground surface often leads to poor
sealing with the ACV sk i r t ,  and hence an above-design air leakage.

F ina l ly ,  the nature of the subsurface structure can be porous in
i t se l f ,  as for example in a pebble beach, leading to some loss of
l i f t  air into the actual ground.

Measurement of the porosity of typical  te r ra in ,  in conjunction
with measurements of vehicle performance over i t ,  should enable a
c lass i f icat ion of ter ra in in terms of l i f t  air requirement, and
also of vehicle drag, to be bu i l t  up. This report discusses a
system and the equipment for doing th is .

I t  is hoped that this report wi l l  be regarded as one small step in
the continuing process of discussion and evolution of a system of
terra in c lassi f icat ion and measurement in re la t ion to i ts negotia-
tion by ACVs, and to the design requirements of ACVs for operation
over various terrains.
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2. SKIRT/TERRAIN INTERACTION

This subject  has been discussed by the present wr i ter  at some length in
References 2 and 3. I t  is proposed that the in terac t ion  between sk i r t
and terra in resu l t s  in a temporary deformation of the sk i r t  as i t  passes
obstac les,  and a temporary or permanent deformation of the ter ra in
(vegetat ion or so i l )  as the sk i r t  passes over i t .  The work done during
the deformation process is a component of veh ic le  drag, and the deformed
conf igura t ion of the ter ra in  while the vehic le  is over i t  w i l l  control
the porosi ty  and a i r  loss.  I t  is therefore essent ia l  to know what that
deformation i s ,  and to measure the porosity in th is  deformed terrain
cond i t i on ,  pa r t i cu la r l y  in the case of vegetat ion.

As an example, Figures 1, 3 and 4, show a clump of grass and milkweed on
a clod of ear th.  In Figure 1 the undeformed vegetat ion is seen to reach
to 1.0 m high at i t s  weed peaks, with fa i r l y  dense grass r i s i ng  to about
0.6 m. However, as Figures 3 and 4 show, when pushed over as i t  would
be by an advancing sk i r t ,  the plants form a dense mat about 0.1 m high,
ove r la id  by the upper stems and leaves ly ing  f l a t  on top. Figure 2
shows the path of bent-over plants l e f t  one minute after a s ing le  pass.

I f  the p lant  leaves are long and broad they may fo ld down to form a
re l a t i ve l y  non-porous "sk in "  over the base mat, and even permit a f a i r l y
l i gh t  ACV to g l ide over them at extremely low a i r  f lows,  l i ke  a s led,
or l i ke  the "a i r  boats" used in the F lo r ida  Everglades swamps. However,
when the stems are round and reedy, wi thout  much lea fage,  they act as a
g r i d ,  and allow l i f t  a i r  to leak profusely in to and through the base mat,
and thence to escape. In th is  case the ai r  ava i lab le  to maintain the
cushion is ser ious ly  depleted,  and the hovering performance great ly
reduced. While not s t r i c t l y  the subject  of the present study,  i t  is
also clear that the drag w i l l  r ise sharply owing to the work requi red to
push over the vegetat ion,  (the so-ca l led  "bush-bashing" drag).

When attempting to study the deformed conf igura t ion  of the t e r ra i n ,
several aspects have therefore to be considered.

(a) I f  vegetat ion is present ,  i t s  deformation due the passage of
the vehic le  must be simulated, and the thickness and poros i ty  of
the resu l t i ng  mat must be measured. In th is measurement some
account of the ra t i o  of area to perimeter of the sample measured
must be taken, since the area cont ro ls  the input f low, while the
perimeter (as a sort of porous fence) has a strong in f luence on the
ou t l e t .  This assumes that the a i r  flows down into the mat over i t s
top hor izonta l  sur face,  and out through the thickness of the mat
ho r i zon ta l l y  around the test area per imeter.

(b) I f  vegetat ion is not present but the soi l  surface is not
smooth, then any damage to the surface must be simulated, i nvo l -
ving a considerat ion of i t s  f l e x i b i l i t y ,  p l as t i c i t y ,  or b r i t t l e -
ness, a f te r  which the leakage flow between sk i r t  and uneven sur face,
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ORIGINAL TABLE ADDITION FOR ACV PURPOSES

Summary of P rope r t i es  Des igna t i ng  Nine Pure Coverage Classes
Obstac le  to

Traverse
by ACV

Poros i t y
to L i f t  A i r

Compressed Height
at 3000 Pa

Coverage
Type v

(C lass )

Woodiness
vs. Non-

woodiness

S ta tu re
(app rox ,
he igh t )

Tex tu re
(where
req 'd)

Growth
Habi t

Example m 3 /s/m 2 at
3000 Pa

Compressed he igh t
x 100%

Or ig i na l  he igh t

A woody 15 f t .
or over

- - t ree
form

Spruce
Larch

Impassable - - —

B woody 5 to
15 f t .

- - young or
dwarfed
tree or

bush

Spruce
Larch

Wi l low
Bi rch

Passable only
by la rge
power fu l
veh i c l es

- - - -

C non-woody 2 to
5 f t .

- - t a l l
g rass - l i ke

Grasses Passable except
by very small

veh i c l es

Var ies w i th  l ea f
form,  p robab l y

very porous
10% *

D woody 2 to
5 f t .

- - t a l l  shrub
or very
dwar fed

t ree

Wi l low
Bi rch

Labrador tea

( Passable wi th
d i f f i cu l t y

Very porous
indeed

Est imate
75%

E woody up to
2 f t .

- - low
shrub

B luebe r r y
Laure l

Passable except
by small
veh i c l es

Very porous
indeed

Est imate
75%

F non-woody up to
2 f t .

- - mats,  clumps
or pa t ches ,

sometimes
touch ing

Sedges
Grasses

Eas i l y  passable Probably
modera te ly

porous

Est imate  50%
Short Grass *
and Clover

G non-woody up to
2 f t .

— s ing l y  or
loose

assoc ia t i on

Orch id
P i t che r  p l an t

Eas i l y  passable Probab ly
modera te ly

porous

Est imate  50%
Short Grass *
and Clover

H non-woody up to
4 in .

l ea the ry
to c r i sp

mos t l y
con t inuous

mats

Lichens Very eas i l y
passable

Probably
only s l i gh t l y

porous

Est imate
75%

I non-woody up to
4 in .

so f t  or
ve l ve t y

o f ten
cont inuous

mats,  some-
times in
hummocks

Mosses Very eas i l y
passable

Probab ly
only s l i gh t l y

porous

Est imate
75%

ITEMS MARKED * SEE TEST RESULTS IN SECTION 5a
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(as for example throughplus that through any subsurface porosi ty
a pebble bed) must be measured.

(c) In some cases, both (a) and (b) above w i l l  be invo lved simul-
taneously,  although i t  is l i ke l y  that the vegetat ive cover w i l l
prevent any damage to the surface beneath.

3. A SUGGESTED TERRAIN DESCRIPTION SYSTEM

Using Radforth and MacFarlane's Muskeg C lass i f i ca t i on  (Ref. 1 ) as a base,
a f i r s t  attempt w i l l  now be made to c l ass i f y  te r ra in  for ACV purposes,
in the present instance with reference to l i f t  a i r  f low. Their Table 1,
g iv ing 9 classes of vegetal cover, is reproduced on page 5, with an
add i t iona l  sec t i on ,  based on the proceeding d iscussion,  descr ib ing
porosi ty  and vehic le  res is tance.  I t  seems l i ke l y  that the resu l t i ng
table would not be rest r ic ted to muskeg.

Radforth and MacFarlane's Table 2, g iv ing  16 classes of topographic
features,  is obviously en t i re l y  muskeg o r ien ted .  I t  is reproduced
below, fo l lowed by a more widely appl icab le  table developed on the same
l i nes ,  but i nc lud ing  data comparable to Radforth 's Table 3, deal ing
with subsurface cons t i t u t i on .

TABLE I I  (Ref. 1)

TOPOGRAPHIC FEATURES

Contour
Type

Feature Descr ipt ion

a Hummock includes "tussock" and "nigger-head",  has
tuf ted top usua l ly  ver t i ca l  s ides,  occurr ing in
patches, several to numerous

b Mound rounded top, often e l l i p t i c  or crescent-shaped
in plan view

c Ri dge s im i l a r  to Mound but extended, often i r r egu la r
and numerous; vegetat ion often coarser on one
side

d Rock gravel extensive exposed areas

e Gravel bar eskers and old beaches (elevated)

f Rock
enclosure

grouped boulders overgrown with organic deposi t
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TABLE I I  (Ref. 1) Continued

Contour
Type

Feature Descr ipt ion

g Exposed
boulder

v i s i b l e  boulder in ter rupt ing organic deposi t

h Hidden
boulder

s ing le  boulder overgrown with organic deposit

i Peat p lateau
(even)

usua l ly  extensive and i nvo l v i ng  sudden
e leva t ion

j Peat plateau
( i r r egu la r )

often wooded, l oca l i zed  and much contorted

k Closed pond f i l l ed  with organic deb r i s ,  often with l i v i ng
coverage

1 Open pond water r ises above organic debris

m Pond or lake
margin

(abrupt)

n Pond or lake
margin

(sloped)

0 Free polygon forming a rimmed depression

P Joined
polygon

formed by a system of banked c le f ts  in the
organic deposit

Since this report deals with te r ra in  po ros i t y ,  and not obstacle cross ing,
the fo l l ow ing  table does not inc lude slopes or obstacles such as mounds,
steps, r i ve r  banks, or t renches, although these are indeed te r ra in  ob-
stac les and often cause severe ai r  loss.



TABLE I I I

POROSITY DUE TO TOPOGRAPHIC AND SUBSURFACE FEATURES

No. General Class Sub Types Examples Po ros i t y
m 9 /s /nr

Ser iousness of
obs tac le  due
to po ros i t y

1. Smooth Non Porous a) Hard non porous

b) Sof t  non porous

c) Loose non porous

Hard sand, c l ay ,
roads ,  rock sur-
face
Mud, so f t  ea r t h ,

Fine sand, snow

Probab ly  zero

Probab ly  near
zero

None

V. S l i gh t

Can be impassable
due to e ros ion  by
e f f l ux  j e t ,
c rea t i ng  voids

2. Smooth Porous a) Cracked hard ground
b) Hard "pebb le  beds"

Polygons
Beaches,
Gravel beds,
Gravel roads

?
?

S l i gh t /mode ra te  ■
S l i gh t /  oo
impassable ·

3. Rough Non Porous a) Rough hard ground Ploughed f i e l ds ,
T ra f f i c ked  d r i ed
mud, or ice

Due to poor
seal

SI i gh t / se r i ous
depending on
sk i r t  type and
scale of rough-
ness

4. Rough Porous a) Rough ground wi th
la rge  voids

Broken rocky
ground,
Broken ice

? L i ke l y  to be
se r i ous  or
impassable
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As has been discussed in some de ta i l  in Ref. 3 and more pa r t i cu l a r l y
Ref. 4, the drag of an ACV appears to be d i rec t ly  dependent on the l i f t
a i r  quant i t y ,  at least  over the normal design range for low speed over-
land veh ic les ,  where the sk i r t  is to some extent in contact with the
te r ra in .  I t  is therefore c lear  that the data just  discussed w i l l  have a
considerable bearing not only on the ab i l i t y  of the ACV to hover in a
stable way on the ter ra in ,  but also on the drag experienced in moving i t
across the ter ra in  in quest ion.  This is on account of both the f r ic t ion
of rough ground over which the veh ic le  is hovering with more than
designed sk i r t  contac t ,  and also the "bush-bashing" drag in much of the
vegetat ion described above. The actual snagging of a rough rocky
surface must also be accounted for.

Referr ing again to Ref. 4, i t  is noted there that there are two methods
possible for accounting for the increase of l i f t  a i r  flow due to terra in
poros i ty .  E i ther  the one standard Ef f lux  Gap Height can contain a
funct ion k which describes the porosi ty or the t e r ra in ,  or a su i t ab le
Ef f lux  Gap Height can be assigned to each type of t e r ra in ,  e l im ina t i ng
the k. This matter must await fur ther experimental data and discussion.

4. A TERRAIN POROSITY MEASURING SYSTEM

From the preceding discussion i t  is c lear that a measuring system is
requi red which w i l l  impose i t se l f  on any te r ra in  with a disturbance
s im i l a r  to that of an ACV, and then measure the poros i ty  shown to a l i f t
a i r  supply by that t e r ra i n .  Such a system has been designed and bu i l t
in the Engine Laboratory of NRC, and a few pre l iminary  tests of one
element were made before the 1977/78 win ter  closed in and modif ied the
vegetat ion being tes ted .

The system consists of two i tems, one to simulate and measure the
effect of the ACV sk i r t  and foo tpr in t  on the t e r ra i n ,  (the "Squasher"),
and one to be set up in accordance with th is  measurement and then used to
measure the poros i ty  (the "Pu f f e r " ) .  This system has been designed to
be used in conjunct ion with ACV tests over the same t e r ra i n .  So fa r ,
only the Squasher has been used over vegetat ion which has been traversed
by an ACV. The Puffer has been ca l i b ra ted ,  but has not yet been used
over vegetat ion.  The system is therefore not yet developed and
va l idated.

a) The Squasher (Figure 5)

This device consists of a plywood sled 36 cms x 36 cms, on which
is placed a weight which w i l l  generate a foo tpr in t  pressure (sled
weight + added weight /s led area) equal to that of the ACV in
quest ion. In the case tested a 222 newton (50 lb) weight was
placed on the s led,  which weighed 5 N, producing a foo tpr in t  pres-
sure of 1750 Pa (17.5 cms water gauge).



H - H f  τ , ft s pa A.

ίυ
Λ

J
Μ)
ΓΠ

Rjuu Çu&<>  4*oQvûA4-(>
bJrrw ia>pe As

{[βΊβ.ν-2ό ΧΛν  AC
f Sl Le-  .

DNO&a»»o«  Foçr-S o r  Codea  -o U«Tw Rst çTH usje SH iên ,

Tc> RBN2M4T FAS*|  S OthJ l /G  B'TATienJ .

MFASOÛ-t llêlAtfT CTV Ο»3Γ>ΚΤ046Λ<> ψ<4«·Ύ*Τ«»0 Η (5<': £

,Tta.o*e.

MSACUR8-O AFTS* U/rTHOÛlKÔ*
£θ£Τ*>ΚΤ  JXFre THtCtfMFCC To
pkJî> -Tfltr (FC5 OF U<r<<rwnc*ûχ\\\\\ΐ| χ

ν <?τΑΤ«

Αβε*  =ύ · / 5ο  U)ac.HT =· 232 .  .

.* . +00ΤΡΛ1ΚΓΓ  Pc  SSOJXS 9Z 1705

VflOAf ld?h ή μ-r Τό  NÇ ·Κ>οΤ·Ρ£.<Γ.- rases
"u, P'ÇV %θικίΑ  m&Æ*o>

FIGURE 5



- 11

The sled is placed on the vegetat ion,  and pu l led  forward 1 meter
by a l i gh t  rope in the front corners. I t  is then considered to
simulate an ACV sk i r t  and cushion which has advanced and squashed
the vegetation with the appropriate force.

A 4 ran diameter rod is then used as a depth probe to determine the
height of the sled above hard ground, as i t  s i t s  on the mat of
squashed vegetat ion.  The probe is pushed down through a hole in
each corner of the sled in tu rn ,  un t i l  i t  meets the ground under
the vegetat ion.  Knowing the 1 cm thickness of the s led,  the height
is qu i ck l y  determined, and the ar i thmet ic  average height (of the
four corners) ca lcu la ted .

At two po in t s ,  one each side of the sled and one s led-width away,
the height of the undisturbed vegetat ion is measured.

A "Squash Factor" is then ca lcu la ted ,  as

Squash Factor = x 100%
Undisturbed Height

This is done for f ive points in a representat ive area of the
vegetat ion,  and an ar i thmet ic  Average Squash Factor arr ived at ,
together with an Average Squashed Height ,  which is requi red for the
Puffer experiment.

The experiment described above has been carr ied out in conjunct ion
with drag tests of HEX-1B and HEX-4 over a range of vegetat ion,
from short-cropped grass to heavy deep grass and weeds. Repeat-
able and consistant  r esu l t s  were obta ined,  and are shown in
Appendix 1 .

b) The Puf fer  (Figure 6)

This,  the major component of the system, consists of a mobile
t r a i l e r  on which is mounted a Volkswagen engine d r i v i ng  a pair  of
l i f t  fans, which blow into one of three interchangeable " sk i r t "
assemblies. These " sk i r t s " ,  r i g i d  sheet steel rectangular  s t ruc-
tures whose area is known accura te ly ,  are held in vegetat ion by
the use of jacks at the height  above hard ground determined by the
Squasher experiment. The ai r  flow pumped through the given foot-
p r i n t  area (of 2:1 aspect r a t i o )  by a range of cushion pressures
is then measured by readings from ca l i b ra ted  throat  tappings in the
fan i n l e t  bel lmouth. E i ther  one or both fans can be used, to give
a large operat ing range.

The t r a i l e r  is shown in Figure 6. I t  has been ca l i b ra ted  for a i r
flow measurement by bo l t i ng  a large box on the fan ou t l e t s ,
instead of a sk i r t  assembly. The box had a ser ies of 5 standard
sharp-edged o r i f i ces  17.8 cms diameter in i t s  wa l l s ,  and prov is ion
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for blanking these off. Runs with increasing numbers of or i f ices
open, each run covering a number of fan rpm values, while readings
were taken of fan in le t  throat depression and of or i f ice pressure
d i f ferent ia l ,  enabled the true flow corresponding to each fan
in le t  throat depression to be calculated. In future tests a
simple in le t  throat depression reading from a pair of manometers
insta l led on the t ra i le r  wi l l  show the air flow through the porous
vegetation beneath the " sk i r t "  of known area, at the cushion
pressure displayed on a pressure gauge mounted beside the mano-
meters.

Three sk i r t  assemblies, of areas in the rat io of 1:2:4 have been
provided, to explore any anomalies in the air flow as related to
the cushion area/(cushion perimeter x squashed height) ra t io .

The fan flow cal ibrat ion is shown in Figure 7.

Despite intensive efforts, the construction and cal ibrat ion of the
Puffer were completed just as the ground and vegetation showed
signs of freezing for the winter.  Since a reasonable amount of
test ing wi l l  be required to learn the technique of operation and
to gain a proper understanding of the resu l ts ,  i t  was decided to
postpone this unt i l  time was available for a careful program over
good vegetation in the spring.

5. CONCLUSION

The effect of terrain porosity on the performance of an ACV has been
considered in the l igh t  of available experience, and a rat ional
explanation proposed.

An i n i t i a l  attempt has been made to set up a system of c lassi fy ing
terra in speci f ica l ly  with regard to the porosity aspect of ACV
operation.

Final ly a description is given of a terrain porosity measurement system
for f ie ld  use, which has been designed, bu i l t ,  and calibrated. The few
available results are shown, and when further f ie ld  work has been com-
pleted i t  wi l l  be reported in the CASPAR report series.



- 14 -

!.
. 

I 
! 

. .
 :

. 
!

_
_

 _
_i

- 
Γ .t

r~

F 77 h:“h ί

I*JL.ST TH Co AT De?cession υ«τ««

Fhü CALIBRATION or  “PbFFefcJ

FIGURE 7



- 15 -

6. REFERENCES

1. MacFarlane, I .C.  "Guide to a F ie ld  Descr ipt ion of Muskeg"
Tech Memo 44 (Revised ed i t i on )  NRC Associate Committee on
Soil and Snow Mechanics

2. Fowler, H.S. "The Air Cushion Vehicle as a Load Spreading
Transport Device" Journal of Terramechanics, 1975, Vol. 12,
No. 2, pages 43-53

3. Fowler, H.S. "CASPAR Research Project  Report No. 3, On the
Drag of ACVs Overland" Tech Report 1/75, NRC Associate
Committee on Air Cushion Technology

4. Fowler, H.S. "CASPAR Research Report No. 6, The Use of a
Quant i ta t ive  Descr ipt ion of L i f t  Air Flow Appl icable to any
ACV" Tech Report 1/78, NRC Associate Committee on Air Cushion
Technology

7. ACKNOWLEDGEMENT

This study has been car r ied out under the CASPAR program, operated by
the National Research Council of Canada, and pa r t i a l l y  supported by
grants from Transport Canada (Transportat ion Development Centre and
ACV D i v i s i on ,  Canadian Coastguard) and from the Defence Research Board.



A-l

APPENDIX  1

SQUASH FACTOR AND DRAG MEASUREMENTS ON VEGETATION

a) Squash Factor Measurements Made Over Three Vegetated Areas at
Rockc l i f f e  A i rpor t  - September/October 1977

( i )  Shor t  g rass ,  c l ove r ,  and dande l i on  mix ,  on f l a t  hard ea r t h ,
nor th of Aeronau t i ca l  Museum. Mowed at i n t e r va l s .  This was
a rather  sparce ,  b r i s t l y ,  sp r i ngy  growth,  about 10 cms h igh ,
and presented a lmost  neg l i g i b l e  res i s t ance  to both HEX-1B
and HEX-4 veh i c l es ,  except in  occas iona l  t h i ck  patches which
were not measured in  t h i s  exper iment .

Three sets of  read ings  were t aken ,  at s i t es  about 10 meters
apa r t ,  w i th  the read ings  loca ted  re l a t i ve  to the s led as
shown in  the plan below.

Foo tp r i n t  p ressure  = 1800 Pa - Measurements in  cms

S i te A B C D X Y Average Av. X-Y
A-D

1 2.5 0.5 2.0 2.0 8.9 7.6 1.75 8.3
2 2.8 2.0 1.8 1.5 7.9 8.1 2.03 8.0
3 3.1 2.5 2.3 2.0 9.4 9.9 2.48 9.7

Average 2.09 = x 8.67 = y

Average Unsquashed He igh t  = 8.7 cms

. ’ .  Average Squashed He igh t  = 2.1 cms
2 1

. Squash Factor  = x 100 = 24%
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(11) Moderate length grass and clover on lumpy meadowland, south
of west end of l i ve  runway (09). Mowed only at rare in ter -
vals.  This was a r e l a t i ve l y  lush,  r ich  growth, about 18 cms
high, and presented some d i f f i cu l t y  to d r i v i ng  HEX-4, but
l i t t l e  to HEX-1B. Four sets of readings were taken, and the
resu l t s  summarised below.

At footpr int  pressure = 1800 Pa

Average Unsquashed Height = 17.0 cms
Average Squashed Height = 3.6 cms
.* .  Squash Factor = x 100 = 21%

( i i i ) Ta l l  th ick growth of reedy grass, milkweed and golden rod on
swampy ground, east of the threshold of runway 27. Never cut.
Three readings were taken in an area p r imar i l y  covered in
reedy grass and milkweed, and one set in a golden rod clump.
The grass formed a th ick  mat of leaves when bent over by sled
or ACV, and would seem rather non porous. The golden rod was
s t i f fe r  to bend, and formed a very open-work l a t t i ce  of stems
about 0.6 cms diameter,  probably with a high poros i ty .  All
tests were at 1800 Pa footpr in t  pressure.

For Reedy Grass: Average Unsquashed Height = 115.0 cms
Average Squashed Height = 9.4 cms

9 4Squash Factor = γ-β θ x 100 = 8.2%

For Golden Rod: Average Unsquashed Height = 122.0 cms
Average Squashed Height = 14.7 cms

14 7. ’ .  Squash Factor = -[ θ x 100 = 12.1%

b) Drag Measurements on Research ACV HEX-1B Over Bare and Vegetated
Terra in

Drag measurements at a range of l i f t  a i r  flows were made with
HEX-1B, wearing an HDL segment sk i r t ,  over concrete runway, the
same runway with concrete cones bol ted to i t ,  and the three grass
surfaces described in Appendix 1. The veh ic le  was towed at about
2 m/s. L i f t  a i r  flow vs. drag curves are therefore ava i lab le  (see
below) for a non-porous f l a t  sur face,  a non-porous surface l i ke l y
to cause a i r  loss due to poor sk i r t  sea l ing over i t s  unevenness,
and three vegetated surfaces of varying poros i ty  and f r i c t i ona l
proper t ies .

I t  is c lear from these curves that simple poros i ty  is by no means
the only factor a f fec t i ng  the performance of the vehic le  over
vegetat ion.
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SKIRT DRAG vs. EFFLUX GAP HEIGHT (PROPORTIONAL TO LIFT AIR FLOW)
FOR HEX-1B AT 2 m/s OVER TERRAIN OF VARYING POROSITY

For example, the curves for a rough (coned) runway and for s t i f f
short grass on hard earth are very s im i l a r ,  and suggest that a
f r i c t ion- type drag is increasing l i nea r l y  as reducing a i r  flow
lowers the sk i r t  onto a rough ground surface.

On the other hand, longer grass and very heavy grass/brush show
qui te a d i f fe ren t  cha rac te r i s t i c .  The vegetat ion appears to bend
over and provide a surface on which the sk i r t  can s l ide  r e l a t i ve l y
eas i l y ,  un t i l  the poros i ty  absorbs the major part of the l i f t  a i r
flow and the veh ic le  becomes a sled. The "long grass/brush"
curve shows far higher drag values, but th is  is probably due to a
large "bush-bashing" component used to bend the vegetat ion down
as the vehic le contacts i t .
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I t  was very interest ing to note that when the smaller research
vehicle (HEX-4) was run over the same te r ra in ,  s imi lar  results
were obtained except that in the long grass/brush case the vehicle
moved with unexpected ease. Final ly  i t  became clear that i t  was
r id ing as a pure sled over the vegetation, and that v i r t ua l l y  no
l i f t  air was needed. Curves for this vehicle are not shown in the
present report, since the drags recorded were so small that scatter
made them unsatisfactory, and the scale effect of grass height vs.
sk i r t  height is s t i l l  under study.


