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KLND AND GUST DESIGN CRITERIA MIR THE MARTIAN ATMOSPHERE 

By Robert M. Henry 
NASA Langley Research Center 

Langley S ta t ion ,  Hampton, Vi rg in ia  

INTRODUCTION 

The e f f e c t s  of winds and gus t s  have been of concern s ince t h e  e a r l i e s t  days of av ia t ion .  With t h e  
advent of space t r a v e l ,  winds and g u s t s  i n  t h e  atmospheres of p lane t s  o t h e r  than Earth a l s o  become of 
i n t e r e s t .  Winds and gus t s  a r e  major inputs  t o  t h e  design of veh ic les  operat ing i n  t h e  atmosphere of - 
Earth and s i m i l a r  inputs  a r e  needed f o r  spacecraf t  which e n t e r  t h e  atmospheres of Mars, Venus, o r  o ther  
planets .  The purpose of  t h i s  paper i s  t o  explore t h e  problems assoc ia ted  with t h e  spec i f ica t ion  of wind 
and gust values f o r  e a r l y  design work f o r  t h e  atmosphere of Mars. 

g acce le ra t ion  of g rav i ty ,  m/sec 

H~ densi ty sca le  height ,  km 

Ri Richardson number, nondimensional 

Rilocal l o c a l  Richardson number, nondimensional 

T absolute  temperature, OK 

Z a l t i t u d e ,  km 

I' ad iaba t ic  l apse  r a t e ,  O ~ / k m  

P densi ty,  kg/m3 

Subscripts: 

E Earth 

M Mars 

DESIGN CONSIDERATIONS 

For t h e  E a r t h ' s  atmosphere, wind and gust design inputs  a r e  needed primari ly  f o r  t h e  ascent ,  o r  
ex i t ing ,  phase of f l i g h t ,  with en t ry  winds of secondary i n t e r e s t  from a design viewpoint. For e a r l y  Mars 
f l i g h t s ,  i n t e r e s t  centers  on t h e  e n t r y  phase, p a r t l y  because e a r l y  missions w i l l  probably not attempt 
re tu rn  f l i g h t ,  but  a l s o  because of d i f fe rences  i n  t h e  mission requirements, and i n  t h e  types of veh ic les  
under considerat ion.  

For t h e  Ear th ' s  atmosphere s t r u c t u r a l  loads and cont ro l  dis turbances form the  p r i n c i p a l  design 
requirements. For Mars, des i red  en t ry  experiments add s i g n i f i c a n t  a d d i t i o n a l  requirements t o  those 
imposed by s t r u c t u r e s  and c o n t r o l  systems. These requirements a r e  p a r t i c u l a r l y  c r i t i c a l  with regard t o  
t e l e v i s i o n  o r  o ther  imaging techniques, where acourate point ing c o n t r o l  i s  required f o r  i n t e r p r e t a t i o n  
and where r o t a t i o n  r a t e s  may cause smearing of t h e  image. Antenna po in t ing  and r o t a t i o n  a r e  a l s o  impor- 
t a n t  t o  radar  instrumentation used f o r  e i t h e r  guidance or  s c i e n t i f i c  instrumentation, and angle-of-attack 
dis turbances may a f f e c t  many measurements. 

I n  addi t ion,  t h e  type of  veh ic le  used f o r  t h e  Martian en t ry  may be q u i t e  d i f f e r e n t  from t h e  e x i t i n g  
veh ic les  f o r  which most Earth atmosphere c r i t e r i a  have been formulated. Two p r i n c i p a l  types of en t ry  
systems have been considered - e i t h e r  a retropropulsion system of t h e  type used i n  Surveyor Moon landings, 
o r  a parachute o r  o ther  aerodynamic dece le ra tor .  Any design c r i t e r i a  t o  be used i n  e a r l y  design work 
should be appl icable  t o  e i t h e r  type of system. For t h e  retrosystem, t h e  magnitude of an appl ied gus t  is  
of g rea t  importance bu t  t h e  r a t e  of gus t  buildup may be  l e s s  important. For t h e  aerodynamic decelerator ,  
t h e  r a t e  of  charge i s  most important and t h e  magnitude may be l e s s  important. For general  use, gust  c r i -  
t e r i a  must specit'.,. both of these  parameters along with some measure of t h e  gust  l eng th  which may be 
important t o  k ~ t h e r  system. 

MARTIAN DATA 

Wind d a t a  f o r  Mars i s  notable  p r i n c i p a l l y  f o r  i t s  absence. The only "d i rec t"  source of  data  i s  t h e  
observation of cloud movement through Earth based telescopes. Many years  of  cloud observations were 

I _  \ 

cataloged by   if ford,^') and form t h e  b a s i s  f o r  most wind est imates .  I t  should be noted t h a t ,  a t  b e s t ,  
these  represent  r a t h e r  large-scale  average winds, and t h a t  independent est imates  f o r  t h e  same periods by 



Gifford and by de~aucouleurs(*) d i f f e r  by as  much a s  a fac tor  of four,  indicating the d i f f i cu l ty  involved 
i n  tracing these cloud movements. 

Another source of large-scale wind estimates i s  the use of physical or  mathematical models of the 

Martian atmospheric circulat ion.  One of the most complete models i s  t ha t  of Mintz and ~ e o v ~ ( 3 ) .  A l e s s  

elaborate model by ~ a t e s ( ~ )  y ie lds  estimates of mean circulat ion with greater  ve r t i ca l  d e t a i l  which is  
needed fo r  vehicle response studies.  

A l l  of these sources combine t o  give a reasonably consistent picture of the large-scale wind pat tern  
which permits the  establishment of design c r i t e r i a  e i ther  on an overall  bas is  a s  i n  reference 4 o r  by 
individual seasons, a s  i n  reference 3, I n  contrast, there are  simply no data a t  a l l  f o r  application t o  
the small-scale o r  "gust" component of the  winds. 

APPLICABIIJTY OF EARTH ANALOGY 

I n  the absence of Martian data, the  only recourse appears t o  be the use of Earth analogies. The 
question a r i s e s  a s  t o  whether such values would represent conservative design values. I n  t h i s  connec- 
t ion,  it i s  of i n t e re s t  t o  examine the re la t ive  values of wind shear corresponding t o  the same value of 
Richardson number i n  the  two atmospheres. The wind shear i s  an important value fo r  vehicles of the 
types under consideration, and maximum shears a re  thought t o  be controlled by the occurrence of a c r i t i -  
c a l  value of Richardson's number. Richardson's number i s  defined ( ref .  5 )  by 

and f o r  equal Richardson number i n  the two atmospheres we mst have 

or,  substi tut ing reasonable numerical values: 

On Earth the largest  values of shear are  usually encountered just  above the tropopause where a ~ / a z  i s  
commonly near zero. For isothermal lapse ra tes  i n  both atmospheres, equation (3) becomes 

and i n  general the highest 
with the same lapse ra te .  
atmosphere accompany ozone 
expected i n  the atmosphere 

shears expected fo r  Mars would be s l ight ly  lower than those expected f o r  Earth 
The highest values of ?IT/& ( the  strongest inversions) i n  the Earth 's  upper 
o r  atomic oxygen layers,  and only very small amounts of these constituents a re  
of Mars. 

Another c r i t e r ion  f o r  the s t a b i l i t y  of a shear layer is the so-called local  Richardson number. The 
local  Richardson number i s  defined by 



The expression - i s  the reciprocal of the density scale height H so 
P az 

Assuming tha t  the c r i t i c a l  value of l oca l  Richardson number i s  the same f o r  the atmospheres of both 
planets, we can solve f o r  the shear i n  the  Martian atmosphere: 

using typica l  values fo r  Earth and Mars 

f o r  a l t i t udes  below 75 km. Taking the worst combination, the c r i t i c a l  shears are related by 

From the considerations above, it appears t ha t  c r i t i c a l  values of wind shear i n  the Martian atmo- 
sphere are s l ight ly  lower than f o r  the Earth 's  atmosphere, and therefore wind-shear c r i t e r i a  based on 
Earth atmosphere values w i l l  be appropriate f o r  the Martian atmosphere. 

EARTH DATA 

Even though it appears t ha t  Earth data may be suitable f o r  use i n  formulating c r i t e r i a  fo r  Mars, 
it i s  not appropriate t o  simply apply Earth c r i t e r i a  t o  Mars entry vehicles fo r  several reasons. As 
indicated e a r l i e r ,  the vehicles concerned are qui te  d i f ferent  and the mission requirements a lso  d i f f e r  
from the Earth case. Further, because they were designed f o r  ascending vehicles, many Earth c r i t e r i a  are 
concerned primarily with the wind speed re la t ive  t o  the planet surface, which may be of re la t ive ly  small 
importance t o  the entering vehicle. Finally, many of the recent treatments fo r  the Earth 's  atmosphere 
employ a degree of sophistication which can hardly be jus t i f ied  i n  the case of the  Mars atmosphere. 

Because of the nature of the missions and of the candidate systems, the  most important parameter t o  
be specified i s  the wind shear o r  gust gradient. The shape, length, and magnitude of the gust must a lso  
be specified, but fo r  the  present case a re  subordinate t o  the gradient o r  shear. 

While extreme values of wind shear encountered i n  the Earth 's  atmosphere vary with the distance 
across which they are  measured (the thickness of the shear layer) ,  it does not appear reasonable t o  
include such variat ion i n  Mars c r i t e r i a ,  and a simple tr iangular o r  trapezoidal shape gust i s  recommended, 
with a constant magnitude of shear f o r  both the increasing and decreasing portion of the gust. 

Extreme values of shear are  d i f f i c u l t  t o  determine fo r  small layer thicknesses because small e r rors  
i n  position o r  velocity produce large er rors  i n  shear. Data from a wide variety of sources ( ref .  6 )  
indicate extreme shears of 0.09 meter per second per meter fo r  100-foot layers with smaller values f o r  
thicker layers. Examination of approximately 200 smoke-trail measurements made by the Langley Research 
Center (refs.  7 t o  10) indicates tha t  even f o r  smaller thicknesses the maximum shear values are  about 
0.1meter per second per meter except fo r  a few cases which are supported by only a single data point a t  
each end of the 'ityer. Even i f  these higher values are  r ea l ,  they have a very low probability of occur- 
rence, and, ;:. addition, represent very th in  layers which would have a limited ef fec t  on entering systems. 

The values above r e fe r  t o  wind changes along the ve r t i ca l  i n  stable shear layers,  which are f e l t  as  
gusts by the entering system. It i s  a l so  of i n t e re s t  t o  consider wind-shear values occurring i n  unstable 
o r  turbulent si tuations.  Wind-shear measurements are  not usually made i n  turbulence research, and, i n  
f ac t ,  values i n  c lear -a i r  turbulence are  generally too low t o  measure accurately. Figure 1 (taken from 
re f .  11) shows an extreme case of shear during a thunderstorm f l igh t .  The value of the  shear here i s  
about 0.2 meter per second per meter, over a distance of about 600 f ee t .  While t h i s  shear value i s  about 
twice the value found f o r  stable shear layers,  such high values have been found only i n  thunderstorm tur -  
bulence. Figure 2, a l so  taken from reference 11, indicates t ha t  the intensity of clear-air  turbulence i s  



only about one-fourth of the in tens i ty  of thunderstorm turbulence, suggesting maximum shear values of 
around 0.05 meter per second per meter. 

Examination of the  smoke-trail data mentioned e a r l i e r  indicates t ha t  the la rges t  individual shear 
layers o r  "gusts" have a magnitude of about 20 meters per second, and t h i s  value i s  recommended as  a 
cr i te r ion  f o r  the Mars atmosphere. This value i s  equal t o  the  highest value used f o r  Earth atmosphere 
c r i t e r i a .  Coincidentally, it is  approximately equal t o  the  current airplane gust c r i te r ion  although the  
values are  not s t r i c t l y  comparable. 

The remaining values t o  be specified are the gust length and the point of application i n  the t ra-  
jectory. I n  the absence of any appropriate data f o r  the Martian atmosphere, it i s  recommended tha t  these 
be chosen so a s  t o  produce the maximum ef fec t  f o r  the system under consideration. 

GUST CRITERIA 

Final  design c r i t e r i a  fo r  any system must be selected i n  l i gh t  of the charac ter i s t ics  of the  part ic-  
u lar  system, the specific mission requirements, and the  degree of r i s k  which i s  acceptable. Much pre- 
liminary design work, however, must be done using generalized design c r i t e r i a .  Such general c r i t e r i a  are  
also useful  f o r  comparing d i f ferent  types of systems, and can serve as  a bas is  fo r  specialized c r i t e r i a .  
The c r i t e r i a  i n  the following paragraphs are  intended fo r  general use and fo r  preliminary design work. 

These gust c r i t e r i a  are intended t o  be superimposed on a prof i le  of large-scale o r  mean winds. 

Gust Shame 

The gust sha l l  consist of a l i nea r  increase with a l t i t ude  from the mean wind t o  the  maximum value, 
followed by a constant velocity portion, followed by a l i nea r  decrease t o  the  mean wind value as  shown 
in  f igure 3. 

Gust Gradient 

The r a t e  of increase and decrease with a l t i t ude  (shear) s h a l l  be 0.1 meter per second per meter. 

Gust Magnitude 

The magnitude of the  increase i n  velocity i n  the gust sha l l  be 20 meters per second. 

Gust Length 

The length or a l t i t ude  extent sha l l  be chosen t o  produce a maximum disturbance t o  the  system being 
designed. For shorter  gust lengths which do not allow the  s ta ted  gust magnitude t o  be reached a t  the 
stated gust gradient, a t r iangular  gust having the s ta ted  gust gradient and a reduced gust magnitude 
sha l l  be used a s  shown in  f igure 4. 

Point of Application 

The gust sha l l  be applied a t  the point o r  points i n  the t ra jec tory  where the ef fec ts  a re  most 
c r i t i c a l .  Consecutive o r  repeated gusts w i l l  not be considered. 

Although some data exis t  f o r  use i n  formulating mean wind c r i t e r i a  there are no data available f o r  
d i rec t  application t o  "gust" c r i t e r i a .  

Richardson number considerations indicate tha t  Martian gust c r i t e r i a  can be appropriately based on 
Earth atmosphere data. 

For the types of vehicle and missions expected for  early Mars f l i gh t s ,  the  wind shear or  gust gra- 
dient i s  an important parameter and requires specification i n  the gust c r i t e r i a .  

A simple gust c r i t e r i a  using a trapezoidal o r  tr iangular shape with a specified gradient i s  pro- 
posed f o r  preliminary design work. F inal  design work may require modification t o  sa t i s fy  par t icular  
mission requirements. 
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Figure 1.- Time h i s t o r i e s  of v e r t i c a l  and l a t e r a l  
components of t r u e  gust v e l o c i t y  f o r  a thunder- 
storm t raverse .  
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Figure 2.- Typical power spec t ra  f o r  t h r e e  
weather conditions. 

MEAN WlND 

GUST LENGTH 

MEAN WIND 

VELOCITY (m/rec) 

Figure 3. - Basic gust shape f o r  Martian 
atmosphere. 
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Figure 4.- Modified gust shape f o r  Martian 
atmosphere f o r  use with short  gust length. 
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