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ABSTRACT
This report develops a simple model to describe the low altitude shear associated
with a microburst {or small downburst) in the atmosphere. Such microbursts are thought
to be the cause of convective radial flows near the ground which reprezent potentially
hazardous conditions to aircraft during take-off and during approach and landing. Closed
form solutions are precented for the equations of mass, momentum and thermal energy to
give the spreading rate of the microburst and the velocily and temperzture decay due to
turbulence. An analysis of the impact of the microburst and its radial spreading over the
ground i3 given and illustrative examples are provided. The sclution for the downward and
outward wind velocities are given in terms of simple dimensionless algebraic parzmeters

which can be computed readily in realtime during a piloted simulation of an aircraft 8ying

through a microburst.
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vertical distance (downward) from source of downburst
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vertical distance from ground
altitude of origin of microburst
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downward vertical velocity at altitude &; on axis of microburst
radial velocity of reference distance y; from center, at h=o
radial velocity

gravitational acceleration, 32 ft/sec

diffusivity coefficienis

velocity exponents

temperature

microburst diameter for velocity
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temperature ratio g',;;_r
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vertical velocity profile
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I. Introduction

“

rieter bt e g

=

This paper presents a;simple mode! to deseribe the low altitude shear associated with

a microburst (or small downburat) of lower temperature air in the atmosphere. Suck

et atnte SR Y

microbursts are thought to be the cause of convective radial flows near the ground which

reprem'ent potentially hasardous conditicns to aircraft during takeoff and during approach

»

and landing.

i e v e

A typical microburst has been .described‘ as having high downward velocities, perhaps
up to a maximum of 60-70 ¢ /sec, over a region of 1,000 to 10,000 feet diameler, and lasting
many minutes in duration. The microburst impinges on the ground and apreads radially,
causing local horizontal wind velocities comparable to those in the downward flow, and is
accompanied by intense shear profiles near the ground. An aircraft flying through such a
phenomena would experience initially a headwin;l, and subsequently a tailwind as it paszed
through the microburat.

During the past several years a number of atsempts have been made to describa the

¥l

velocity and tempzrajlure fielda associated with dewnburss phepomerns. Thz mest simple

oy e

of these? ia o correlation of obrerved velocity profiles which provides a scmiempirical, casily
calculated, algebraic expression that is suitable for uze in flight simulation. A physically
more realistic model?, alsc suitable for use in flight simulation, takes account of sorue of the
fluid dyesmics of the flow by reprezenting the microburst Ly a distribution of singularities

(sources, vortices and doublets) but does not take into account the temperature ficld

R S T

and its associzted buoyancy effects, nor the effect of turbulent diffuzion. More elaborate
models®®® take jrte account those effects but require substantial computational time to
provide nunierical results and are gencrally not suitable for real-time simulation.

H The work presented here is an attempt to develop a model which is suitable for use with
real time flight simulators, permitting adjustment of parametric constraints to fit observed
measarementc while retaining the c¢ssential physical aspects of buoyancy and turbulent

diffusion.

R
b, -
ety ¢ .

P
e R U YU 1

PO



T R T e L R e R L A e i

T TR AT

g .~

2. Analysis

The approach used i;x the present analysis assumes that the microburst is a steady axi-
ally symmetric downward flow issuing from a point (ie, a virtual origin) in the atmosphere
at distance h, above the ground. It is acted upon by turbulent diffusion and by buoyancy
associated with a temperature difference (Too — T5) between the center of the downfow and
the ambient atmosphere. In the close vicinity of the ground the flow is turned in a radia!
direction and forms a ground jet. No accoun} is taken of the effects of grourd roughness
in the present znalysis (ie, a smooth ground is assumed). Figures 1-3 show the general
schematic for the flow and the geometry of the downflow 2nd subsequent radial outflow

near the ground.

2.1 The Downflow
The differential equations for conservatior of mass, momentum and thermal encrgy in

the presecace of gravity are written for an incompressible uid, as

J 8 .
5;(-*31) + 5;(”!!) =0 (1)

and

ugd 20 19 ( 30) "
8z = dy  yay \ayay) )

where ¢, and ¢ are eddy diffusivities associated with the velocity and thermal ficlds.
In the foregoing equaticns temperature ~nd density changes are assumed {o be small

8o that

P e P SEE e A e - a———- - -
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I
Lo The integral forms of equations (2) may be found by integration radially acrose the
z : flow, ie,
%’2: A Y
1
) o Ju du 7% had
' —tv——gflydy = le,y=—{ =
| /0 (uaz+uay g )Jdg [e yay]o 0 (5)

since the 1ight hand side vaniskes at both limits.

AT Prlen g, e

=2
v

3

The second term in equation (5) may be written, using equation (1), as

el Esivetip, LA
e et 5 g

© gy © g
/. "557"‘1”"/. u%(w)ds

go that equation (5) becomes

t g Ky

o 2

e Wy b omayt

d [, o
EE/; u’ydy -_/o glydy =0 (6)
’3 Equaticn (6) is the integral form of the downward momentum equation 2nd describes
(“/ the rate of increase of downward momentum that results from the (nega ive) broyancy of
' the colder air within the downfiow.
t& Similurly, the integral form of equation (3) may be found as
P
ol )
r ; /;w (u—g—i- + vg—z) Y8y = [eoygg}o =0 (7)
L’» or, using equation (1),
i
fom vg—z—ydy = /‘,m(?;;(uy}dy
4 s
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equation (7) becomes:

o .-
/ uflydy = constant . (8)
o

Equaztion (8) is {he integral form of the equaiica of thermal coavection in the abscuce

of thermal gsources.
It is assumad that the downburst originates in 2 Jocalized region of the atinosphere

which can be approximated as a virtual point zource so that 2ll quantities depend on a

similarity variable. More specifically solutions are considered of the form

w=a(ZY 50, 0=0(2) ne) ©)

where ¢ = y/z, and v, and 8, are reference values of u ard 6 at the point z = z; measured
downvward along the axis from 2 virsual crigin = = o located a% 2a altitude 5&,.

Substitution of these cxpressions into equations (G) and (8) gives

i [[7 rtsas] 4 (2)7 -0 o[ wewas] (2) =0 (10)

=] % sntn-+2
uy0; [/ f (g)h(g)gdg] (ﬂ—) = constant (11)
o -]l

Equations {10) and (11) yieid for the exponents m and n

and
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mint2=0
giving
m= !
=3 )
and
5
ﬂ=—§ (12)

Substitution of these values into equation (10) gives a relation between u,0, and z, ie

2
Uy

— Joo h(g)sds
= om, > (13)

57 f3(s)eds

_3
T4

It is well known that for turbulent jet flows the profiles f(¢) and A(¢) are Gaussian in

character, ie they can be approximated by

Sy =€
h(g) =™

(14)

where 2 2and b zre constants.

)

Substitution of these profiles into equation (i3) gives a relation between 2 aunu b, ie

3

(The constant b is kncwn from experimental results to be of the order of 160) Equation
(15) icdicates that the velocity profile is influenced by the thermal conditions through the
parameter 2,

The constants a and b also established the relationghip between the haif width of the
microburst {where the velocity ia equal to half the value at the center of the jet.)

3
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Thus, setiing

gives

_[log2 i
=2

and the diameter of the microburst (within which the velocily exceeds one h.. 1 of the value

at the center) is

1
D,(z)=2% z= (41(;;;2)’2 |
or
Blog2 E 3
Dy (z) = ( 3 —E) z J6¢e)
Similarly, the thermal diameter of the microburat is
Dy(=) = (‘“‘Zg 2)7 z (6

To summarize, the solution for the downflow in the microburst can be waitten in terms
of reference values u; and 6y ocsurring at a location r;

The velocity and temperature distributicae are given by

u T —% Sb Y 2 '
e=(2) e [u, ) } (17a)
and
0 z\~% y\? ,
i~ (5:) exp [—b (;) J (175)
where
(5]

e
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- 2
= _ul.__Tf?__ . (18)

These equations are readily calculated in rezl-time to give the downward velocity profile
and the temperature profile at an altitude A = A, — = when u,,8; and h; = h, — z are

known or assumed.

2.2 The Qutilow

For the radial outflow along the ground ihe equations for conservalion of mass and

momentum are written

%(wy) + a%(vs') =0 (19)

v
€ol 3—5} (20)

where w is the velocity normal to the ground in the z direction and v is 2gain the redial
velocity in the y-direction; ¢, is an eddy diffusivity for tbis fiow (thus z and = are related
by £ =h, =z, and w = —u).

For the radial flow along tbe ground the effect of bucyancy if neglected and the thermal
energy equation is not used.

The integral form of equation (20) is found by integrating in the = direction.

w  Jy dv avl®
/o (u-(,; + 051—/) dz = [c,yé—z] =0

n

or, tkrough the use of equation {(12)
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j vlydz = constant (21)
L]

At large distances from the origin a self - similar solution applies of the form

v =v(y/y) k(§) (22)

where £ = 2/y

Substitution into equation (21) gives

42 o
(S%) [_L k’(é)d{] = constant

Thus p = —1 and

v = v (i)qg(e)

Y1
Since, in this analysis, a smooth ground plane is assumed the flow correspocds {5 that
of radial free iet which conserves radial mementum. Again it is assumed that the velocity

profile k(¢) has the form

(€)= wep (=€)

where ¢ is expuerimentally determined 2nd is of the order 100. The half width of this radial

jet ia
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and the velocity profile at large radial distances is

) TN (!—,y:)-. exp [-c(::/ y)*] - - . (23)'

where y; and v, are reference values to be determined.

2.3 The Stagnation Region

" In the stagnation region the velocity i the downward flow impiuges on the ground
and is turned radially cutward. This outward flow reaches 2 peak velocity and then
subsequently decays due to turbulent diffusior. The properties of the downward and of the
radial outflow are related through conservation of mass and momentum in the stagnation
region. For simplicity, it is assumed that the radial outflow along tbe ground (2 = o, or

z = h,) hag the form:

v=v,£~ for y<u
%

- (24)
v=v1(—y—) for y>y

and that the pressure difference p — ps, has the form

1
P—pw=§ﬁm(vf—V’) for y<u
P—pe=0 for y>uy

Equating the momentum change of the downflow with the overpressure on the ground

then gives a relation between vy and y; as follows

[/ - u’udy}m = f:' %(ﬂf - v')ydy (25)

AR ok e st et itn 7 . e .

e o

N
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and substitution for u from equation (17a) and v from (24) gives

3
- 3
2 (P2 [T e = iz
ho L 8
ie

:
- 4y wifa\3i{ h =%
{ — T e — — —

LY h., (2) (1 l'l,) (26)
( Similarly equating the mass of the downflow at z = k, with that of the radial flow at
] y =y, gives
.
- (<] oo
F [/ uy dy] == U vyd;:] (e7)

o =0 o =t

: and substitution for ¢ from equation (17a), and v from {23) gives
4
3
b 1
% 2 1)? —~afs 2 -oft
; Uihy (1 - ) / e~ ede = vlyz/ e v de
L A o
8 ie

—p——y g
.

B (o1 (ﬁ)% AR ,
w \&/)\z) g (25)

Equations {26) and (28) than give

; ] s
: 8=, 2= (E) 1ot (20)
¢ ho 27a Uy ¢ h,

Finally, it is convenient to expross these quantitics in terms of references quawlitic

at the height A;, and to eliminate the virtual origin k,. This may be done by using the

Lanis s

relation

3
- m—

10

i,

T
- et g,

2 -
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from (16a.)

E 3b
and
ha Z
o 1+ by
Thus
po o D (Sl :
Blgz; 91gD; T B;gD; 35
ie
i .
B = u? (8log2\=
G.9D \ 55 )
and
ho Dx Z W
— + ——
1 hx D1

_ G,ng Dx 3b (
=1+ “u? by 8log2
=140 )

The expressions in equation (29) can now be written:

jom
p —

and using (
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Alse, from (28)

w \¢/ \1¥¢
where

e & s e S et i % e T

(32)

(33)

In the foregoing expreszions b and ¢ are known ccustants and 8y, Dy, «; and &; are

parameters which describe the microburet at the height &;.

S. Diccucsion and llastrative Bxemple

() At iltitade

A% an altitude %; at a large distance from the grcund, the velocity along the cxis of

the microburst is ©; and the velocity profle, ie :ts variation with y, is givea by cquation

(17a):

= exn—ab(y)z
TS 2L Z1

Iy 2

= uyyexp | ~4log 2 ——)]

1 P{ (< (Dl 1

At any altitude kA, the velocity is given by

1] -
u .’51\5 ) 'y)a(zx)2}
— | — v -4 lom — —_
u, ( z/ exP [ 052 (D, z/

12

(34)

N
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L 2 Y hofhy —1 — Q

O z  Bofhi—hfhy  Q@+1-—-h/h
b i

p Thus

g 2
2= (griZom) oo [t (o) B)]

For example, with b = 100,60, = 10~*,D; = 10° ft, g = 32 ft/sec®,u; = 50 ft/sec,
h, = 10,000 ft then Q = 7. For h = 5,000 fi substitution into (33) gives

The velocity at the center of the microburss decays rather slowly (ie a reduction of abous
16% at h = 5,000 ft. from its value at 10,000 ft) and a spreading of the profile radially.
An ajreraft fly'ng through this velocity profile would experience o downdraft and a2
congequent reduction of lift since the effective a2ngle of attack would be reduced by Aa <
y—2—. For a microburst of small dimensions (ie approacking the span of the aircraft)

Vaircrait
the aircraft would experience a rolling moment proportional to —*t—- x —%l- where Iy

. aircraft
is the diameter of the downburat, in addition to a reduction in lift. Rolling would be ir
the direction toward the center of $L.e downburst.
(b) Neer the ground

At a distance & above the ground the radial velocity is given by

§/3
_ "—‘-‘Ck [ ( /Dl)] 36Ga
i+ ) D; P {7° (y/D)e (564)
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for

and
u—"l = (2log2)+ (%) h (,3!’;)-! =P [_c%%);]
for

14
v ¢ 1+ Q
Dy 2 (SrlogZ) Q (36)

For example for an aircraft on a pata passing through the center of the microburst

using the same numerical values as in the previous cxample but with & = 1,3CC £., and ¢

= §0 equations (36a and b) give

for
k)
= < .
5, S41t
and
v -1 /,"\d
_:-53(__) 50/ {2
o =t ) exp[ 50/\ x J
for
Yy
= = g
D, > 4.11
14
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This velocity profile, shows 2 rapid ‘decay with altitude above the ground (compared
with the limiting cace Rk = 0). Thus, in this e;:ample, the largest effect of the radial
outflow is felt at altitudés very close to the grourd (ie much less than 1,000 fi). An
air’cr.a.ft descending toward a landing would experience an increase in headwind if moving
toward the center of the microburst followed by a decreasing headwind close to the center

and, after crossing the center, an increzsing tailwind axd an eventual decrease in tailwind.
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4. Concluding Remerks

The microburst model described in this paper provides very simple closed ferm ex-
pressiona for the velocity in the microburst at altitude and in the vicinity of the ground.
Two coanstants of the velocity profiles associated with turbulent diffusion may be chosen
to Lt experimental data if these are available, or used to change the magnitude of velocity
gradients in the microburst at altitude and near the ground.

The model, however, does not account for the presence oi thermal sources which may
add energy ‘o the microburst and therefore it may underestimate the magnitude of the
velocity within the microburst as it approaches the ground. For the purpose of gener-
ating velocity prefiles for dight simulation this deficiency in the model can be offzet by
increasing the effective initial velocity on the axis of the microburst. However, an improved
model, taking into account thermal sources, is desirable in order to provide a more realistic

represcntation of the physical phenomena.
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