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Introduction

The overall objective of this program has been to carry out fundamental
research to support a continuing design program for combustors of interest
to USA¥. ‘

This goal is one which has many contributing elements, and of necessity,

the emphasis of the work in any one period has moved to address the most

relevant aspects of the problem. In broad terms these have been seen to
be :-

1. The refinement of the individual models which contribute to the
overall finite difference combustion algorithm. These include part-
icularly kinetics, fuel preparation and evaporation and the radiation
flux contribution to enthalpy.

2. The fundamental analysis of an adequate turbulence representation.

3. Research into efficient iterative procedures.

4, To study the possibiliries for interacf:ive software suitable for
non-expert usage.

5. Carrying out of measurements to validate models.

The following review describes the progress made in recent years in each

of these areas and emphasises the most important areas for future work.

Review of Recent Progress

Combustion Modelling

Fuel preparation, evaporation and mixing are of central importance to

any combustion model.

The evaporation problem was first approached from the viewpoint of indiv-
idual droplets by considering the trajectories of droplets through a given
combustor flow field based on suitable droplet drag and evaporation laws
applied to each finite difference cell.

This was followed by an extension to three dimensions and the integration
of both Lagrangian and Eulerian solution procedures for droplets and flow
fields into an iterative scheme. This enabled one to observe the fate

of indiviaual droplet size groups for a particular combustor geometry,
and results were presented for hot and cold flow fields for a gas

turbine can, demonstrating different droplet trajectory patterns for
different spray cone angles,

It thus became possible to match nozzle type with combustors since un-—
evaporated droplets escaping from the combustor could be monitored for

unsuitable nozzles. This has been seen as an important achievement and
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has generated interest from several quarters including Parker-Hannefin,

Lycoming and Pratt & Whitney.
Foliowing the earlier developments, the interaction of droplets and flow

is now fully coupled in both directions. In addition, the influence of
turbulence on droplet motion is incorporated by applying a randomised
turbulent contribution to the mean flow velocity in each cell, based on
local turbulence intensity and a raadom variable. This is important in
representing the spread of droplets in low mixing regionms.

An optdmised iterative scheme for the ccmbustion case is summarised as

follows -

i) The u,v,w moment:wn equations are each solved in turn using guessed
pressures

ii) Since the velocities do not satisfy the mass continuity equation
locally, a "Poisson type" equation is derived from the continuity
equation and the three linearised momentum equations. This pressure
correction equation is then solved to obtain the necessary correct-
ions to the pressure field and corresponding adjustments to the vel-
ocity components are made.

iii) The k and € equations are solved using the updated velocity field
to obtain the distribution of effective viscosity.

iv) Any auxiliary equations (e.g. enthalpy, species, conservation, rad-
iation or turbulence properties) are solved using the previously
updated values of the other variables.

v) Where interphase coupling is to be included, a solution of the

equations of motion of the droplets is obtained at intervals and

used to augment the source terms of the appropriate gas flow equations.

These steps can be continued until the error mentioned in (ii) has dec-

reased to the required value.

Turbulence Modelling

It has been seen as important that the approach to the turbulence repres—
entation be of a fundamental nature in order that the model be applicable
to a wide range of geometries. The problem revolves around the represent-
ation of the Reynolds stress components and the various options which are
commonly available in turbulence modelling are shown in Figure 1.

These broadly divide between effective viscosity models and fundamental
models. In the former, the individual stresses are related to an isotropic
turbulence viscosity field. This in turn is related to individual turbul-

ence parameters such as kinetic energy k and dissipation rate € in the
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k ~ € model, which are solved from their respective transport equations. g}z

For low swirl cases, the k - € model has been modified in the past by géi

reducing the effective viscosity for stresses involving the swirl component. ;ﬁﬁ

This was found however to have only limited success and the more fundamental %j%

option detailed in Figure 1 has been pursued at length. ﬁéﬁ

) Much of the development work on turbulence has been made with reference to gﬁ%
simple swirling flows such as cyclone flows. One of the most striking ;Li

. demonstrations of the shortcomings of the k - € model was shown in these %fé
flows in which the reverse axial flow on the axis is not represented. It i&g

was also shown that by contrast, the algebraic model represented quite E{Ié

closely both the mean flow contour and the turbulence throughout the cyclone. E;i

This geometry is a fairly simple one mathemstically since the axial deriv- ;;ﬁ

atives are small and in some cases can be neglected. For more complicated %§§

flows, such as dump combustors with swirl, more solution space and time is %%%

required. The above results however , have been very rewarding for the éﬁ%
considerable effort expended and have indicated strongly the direction in %§$

which combustion model development must proceed if the representation of ?i?

swirl geometries mathematically is to be adequate. :igi
Interactive Software Eﬁé

An important part of any intricate design problem is the need to be able to %*%

interact with the software both for problem definition and during calc- %{i

ulation. ?ag

A parallel development procedure has therefore been undertaken to ensure ?fkf

that problems can be set up in a matter of hours and that there is easy ;“;

access during runtime to monitor and change variables. .§§%

This is best illustrated with reference to Figure 2. %gg
Combustor geometries are not defined analytically but rather by the choice gﬁg

of definition of each of the cells in the finite difference grid. This is &?:g

a simple matter of assigning letters to each cell and some options include %S§

. W for wall, I for inlet, O for outlet etc. An arbitrary geometry can thus Ef%ﬁ
. be built up. The program also provides a list of options at each stage as %5%
- well as a HELP command, which can be used at any point, to help the inexper- s
ienced user. &EE%

2 'ji\3

Experimental Measurements s

These have mainly been concerned with the validation of particular aspects Ejz

£l

of model refinement and are complementary to data used from the literature.
They consist of the measurement of temperature profiles to compare with
the predictions of the combustion algorithm, residence time functions and

velocity profiles to compare with the predictions of the mean flow and

turbulence models.
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In the residence time study, a short pulse of mercury vapour (1 msec) 33
was used as tracer in a gas turbine can and monitored at the exit. By ‘iﬁ
different choice of input location, the different stirred and plug flow 3%
sections could be studied. In itself, this is a quick and useful method :i
of assessing reactor volumes and blow off performance. i:
Results however, were compared with mixing predictions for the k - € ;3
model using the randomised bubble tracking procedure developed for partic- Eﬁ
les and referred to above. Of the five input locations studied, good ;:
agreement was obtained for the downstream positions with regard to shape i:
and position of the response function. For the upstream input positions, ;;
good agreement with shape was obtained, indicating that the mixing volume Qi
is well represented in the model. A slight discrepancy in plug flow times ;:
for upstream input was thought to be due to some computational trapped ;ﬁ
volume on the symmetry axis of the combustor. i%
Tie method has proved a useful one in enabling a comparison to be made ti
with predictions at the fundamental mixing level. i:
The measurement of flow velocity profiles using LDA has been carried out E?
in conjunction with the turbulence model development and has been necessary %i
since little experimental data existed for the simple swirl flows which ii
the development program required. R
For this purpose, two types of tangential entry cyclones have been measured {g
and the present good agreement, which the algebraic turbulence model has ié
provided has already been reported. ;E
Progress during 1982-83 E’*
The cbjectives of the past year have scught to address the particular prob- &ﬁ
lems of swirling flows with reference to their application in dump comb- ES
ustors and may be itemised as follows : 5%
1) Further development of the Sheffield algebraic turbulence model with 2?
particular reference to the pressure strain term, the role of which Eﬂ

is to transfer energy between the different fluctuating velocity comp- ’g:
onents tending to equalise the normal Reynolds stresses and decrease Zj

the absolute value of the shear stresses. Ei

2) To investigate the effects of different types of swirl on the velocity i;j
field in a dump combustor. Swirl types would range from free vortex ?;
type to solid body. ij
Investigations would include - ;{

a) application of a number of flow model approximations to the diff- ‘?E
erent types of isothermal flow to confirm the regimes of agreement :.j

and difference. ij
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INTERNAL REPORT -1 - PRESSURE MODELLING

REPORT ON THE MODELLING OF THE

— e—— po———————————————.  a—— o————

i’ PRESSURE INTERACTION TERM

Sergio Vasquez Malebran
Department of Chemical Engineering and Fuel
Technology, Sheffield University.

Abstract

This report investigates the effects of the non-
linearities on the quasi-isotropic model for pressure-strain in
the Reynolds stress equation. In particular Rotta's linear return
to {isotropy model has been replaced by an expression which also
contains the second invariant of the anisotropy tensor and a
quadratic term for the Reynolds stresses. The constribution of
the mean strain to the pressure interactions 1is modelled
according to Launder, Keece and Rodi (1975) and a complete
expression of the fourth order tensor is considered. A simplified
version of this model is also studied where the parameter ¢, of
the standard LRR model is made a function of the invariants of
the anisotropy tensor. Constants resulting from the approximate
expressions are adjusted 1in reference to homogeneous turbulent
flows and satisfactory agreement was obtained for a single set of
constants.

1. Introduction

The main problem in predicting turbulent flows {is to
determine the Reynolds stresses, <uiuj> which appear in the
equations of conservation of momentum. Attempts have been in the
past to evaluate these stresses by relating them to known or
calculable quantities such as the mean velocity gradients. A

simple expression of this type which is applicable to situations

in which there is a single dominant direction of flow is

oU,
~<Uyusd= —_— 1
1Y2 vtaxz (1)
dU, .
where 3;— is the only non-zero mean velocity gradient, u is the
2
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fluctuating velocity .and ve is the so called eddy-viscocity. For

more complef flows this simple relation can be generalized in the

following fashion

au, U
s v (— .y _ 2
<ugug> = ”t(axj + axi) k8, (2)

where k=%<"1"3> is the turbulent kinetic energy. The second term
on the right hand side has been added to make eq.(2) contract
properly. Unlike the molecular viscocity , which is a property of
the fluid, the eddy viscocity is a property of the flow and many
hypotheses have so0 far been proposed for 1its evaluation.
According to the Prandtl-Kolmogorov hypothesis, the‘“ eddy

viscocity can be expréSsed as

1

v, = cpk21 (3)

where k denotes the turbulent kinetic energy, 1 a length scale
proportional to that of the energy containing motions and Cp is a
constant of proportionality. For relatively simple flows where
only one Reynolds stress component is of importance, equations
(2) and (3) give fairly good results. For flows where several
components of the Reynolds stresses are of {importance,
experiments have shown that v, can be strongly direction
sensitive. Furthemore, the empiricsl coefficient Cp can no longer

be regarded as a constant. Thus , the turbulence models based on

the eddy viscocity concept which is expressed in equation (2) and
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(3) do not produce the universality required for the calculation
[
of complex three dimensional flows.
The governing eguations of the ¢transport of the

Reynolds stresses can be derived from the Navier-Stokes equations

and can be expressed in the following way:

D<u,u, > { dU aU
137 3 it 9 _, op op
Dt 2 - <uiuk)ax +<ujuk>ax ’-5;—<uiujuk> p(uiat +ujax )
K kJ Kk 3 1
L
d2u d2u
+ v(u 3 + U i) (u)
1a§xk Jaixk

where upper and lower case u's refer to mean and fluctugling
velocity components respectively, p is the pressure, x's are the
cartesian space coordinates, v and p are the kinematic viscocity
and the éensity of the fluid.The physical meaning of these terms
is similar to that of the corresponding terms of the equation for
the turbulent kinetic energy obtained by contracting (4); the
term on the 1left hand side represents the convection of the
Reynolds stresses (Cij) while the ones on the right hand side are
the production term (Pij) which represents the exchange of energy
from the mean motion to the turbulert motion, the dissipation
term (Aij) which expressesthe diffusive transport of the Reynolds
stresses, the pressure interaction term (¢ij) which represents
the correlation between velocity fluctuation and the pressure

gradient, and finally the viscous dissipation term (eij) « The
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last three terms require modelling assumptirss in order to relate

them to known or calculable quantities. The modelling
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assumptions, however, are much less restrictive in this case than

Kftfr'
P

tﬁey are in the case of the general eddy viscocity hypothesis and

e
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isotropic and should be applicable to those flow regions where

the local turbulence Reynolds numbers are high. Although

experimental studies have shown that turbulence does not remain

‘locally isotropic in the presence of strong strain fields, this

expression has been used in previous modelling efforts with

reasonable success.

2.2 The Diffusion Term

Although the requirement of high Reynolds numbers
permits the viscous diffusion term in eq.(4) to be neglected, it
is not possible to dismiss the remaining diffusion terms with
confidence. Hanjalic and Launder (1972) suggest that’ the
'‘pressure diffusion’ terms may also be neglected. Although their
ass' .:ption is based on a single result, in the absence of any
ottt firm evidence, this seem$to be the best hypothesis. thus
cen y the triple velocity correlations may be replaced by an

>xpression containing only the second order correlations in the

following way:

o<u,u, > o<u, u, > ou,u,>
'k Jk k1 i°3
—<uiujuk> = °Se(<"i"1>ax1 + <uju1> ox, + <upu.d ox, ) (6)

]
where Cq is a constant. A simpler gradient diffusion hypothesis
has been proposed by Daly and Harlow (1970) which is expressed
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' dcu,u,d
-c K B

-<uiujuk> = csc<uku1> axl (7)

where cy is a constant. Launder Reece and Rodi (197%) suggest

that the constants c; and es take the values of 0.11 and 0.22

respectively.

2.3 Pressure Interaction Term

for modelling purposes the pressure interaction term is

often split into a sum of two components

du ou -
- (du 2P OBPyy . R L, 3y _ 22 d
<p(u36x * uiaxj)> ) <p(ax‘j * axi)> <p(ax1(puj) * be(pui))) (

where the first term on the right hand side is ¢the pressuvre-
strain correlation and since its trace vanishes its role is to
transfer energy among components and not to create or destroy it.
The second term is referred as the ‘pressure diffusion' and it is
usually neglected in the modelling procedures.

Following Chou (1945), the explicit appearance of the

pressure fluctuation satisfies the following Poisson's equation:
2 2 ou, aU
LI Lt ——9~——( u,u, - <v,u,> ) + 2——5——1 (9)
poOX, dx, dx, dx, 17k 17k 3x dxy

with solution
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! i~ - S (x?)
p(x) 22 du,dU, <= dv
— -‘-;—- —-—x—(uiuk - <u1uk>) + 26———;— + 7T
P x axia K xia K ll' _ l!
|
\)

where the integration 1is carried out over the whole x' -~ space

and specified at the point (x') , and T is a surface integral.

13

The pressure-strain correlation may be expressed in the form:

du [ 22u,u_ ,au du_3u, ,du, |
gaxi i jL (= ;xm ) 1,05 “a 1, _ il__av Y,
P 3 T 19%p xJ x,0x xjiil' _ 1}

-

v -

this equation shows that the pressure-stiain originates from the

interaction between turbulence components ( (¢ij)'1) and from the

interaction of the mean rate of strain with turbulence ( (¢1J),2)
« The surface integral is negliéible away from the vecinity of a
solid boundary.

Most of the modelling work so far has adopted Rotta's

(1951) model for ( (¢1J).1)

s - & -2
(cp“)'1 = -clk( <uiu3> 3613) (12)

wiere c) is a constant, k and € are the time averaged turbulent
kinetic energy and the dissipation energy respectively, the
quctient % thus represents a characteristic decay time of

turbulence.
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The mean surain contribution to the correlation BS;_ is

N P )
) very often modelled starting from the quasi-isotropic model. This &g
{ i . 20
e
X - was first published Hanjalic and Launder (1972) and by Launder et fﬁ

al (1973). Other derivations following diferents paths have been

1
't

being made as a functian of the local ratio of production to

N

" proposed by Naot, Shavit and Wolfshtein (1972) and Lumley (1973). %%
Launder Reece and Rodi (1975) extended this model to take 1in g%
accrunt 'wall-echo'! effects., Erdogan, Boysan and Swithenbank %%
(1980 ) assumed a constitutive equation for this term, the E%‘
pressure-strain being a function of the mean rate of streain g%
tensor E , the mean rotation tensor @ and the Reynolds atress. g::
tensor a and a similar expression to that obtained by the quasi- gﬁg
isotropic model is reached with three 1independent parameters. §é§
A

.,

aissipation % . Lin and Wolfhstein (1979) have assumed a complete

different approach, arriving at a more complicated form but this
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3. Non-linear Model for the Pressure-strain term

3.1 The Quasy-Isotropic Non-linear Model

. In simulating (4,“),1 Rotta's proposal can be expanded

gy
)

incorporating non-linear terms as follows: il
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where ¢; c; and h: are constanst to be adjusted, and II
i

denotes the turbulence anisotropy

Y( <u,u,d> - 25

1Yy 3 13) = bikka (13)

J

In simulating ( *ij ) following LRR (1975) it {is assumed
r2
that this correlation may be aproximated in the form:

ol
C ¢ ) - ami__l
13 Yy, T "liox

where

3 [ : 1
TN B e\ S\ (18) Ry

13 ° . :
J 2“ aalagjix' - x; i
=~ = R
v E 4
o
I““};
and the E,s are the <cartesians components of the position }zﬁﬁf
AR SN
vector il' - 1! « This expression is exact for homogeneous flows ‘Nﬁ:%

but aproximately true in more general flows,

Rotta (1951) has commented that the fourth order tensor aT;
should satisfy the following kinematic costraints:
mi im mi
(1) a)y = 85 % a5 (Symmetry )
(11) a%¥ oo (Continuity )

1k -~
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"L ¢
f
0 « mi .
p (111) a, = 2<u u,> (Green's Theorem)
| ‘.
é . The most general expression for this quasy-isotropic model
5; including non-linear terms is:
{ mi
z 83y = a<upu d8y g+ BCU U D8, + <upud8,y + <uguydE 4 <uguy>é.,) R
3 11 [2) [3] (43 3
N + ea<uju b, + k(V6m1613 + "(bmlbij + amjéil)) R
1 . ;
;Q [6] (71 {8l [91 %ﬁé
e
A "-"i;
1 <u_u,> <u_u,> <u_u> PTE
X ' " mi ' m 1 mJ k333
,‘ t o <uluj> + B (——----—-k <uiuj> + " <uiu1>) ;;‘1{
! [10] ) [11] (12]
<u.u > "
"1k B <u_u, ><u, u, >, ;&
+ " <ukui>6mj + " (<umuk><uku1>éij + [12]k k" 3" 1
(13] [14]
+ <"1uk)<uj"k>5m1 + <uiuk><u1uk>6mj)
[16) (171 3
y<uju > ;:"-:;;
+ c2———i(—-——<ujuk>6m1 + (15) : %
[18] e
<u_u ><u _u > ' gy
. P g 5 9P (,'s 5 + M (bmlbij + bmjbil))k oo
k =173 7 1203 [21) Ry
[19] 5o
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[} ] " n ] (] [
v By a'y B v @ v By VyMNe Vv ,1n, cy, and cy are constants,

A linear expression can be obtained by simply putting :

- ] ¢ t ] ] ] ”
& ¢+ B sV 4+ +» €2 , a and B equals to zero and by using

the constraints one obtains

a<u u,> + 5<u uy> + cp<u uy> 4+ k§ J (28 + v o+ 4n) = 0 (11)

and

(3a + up)<umui> + k(2cy + 3v + 2n)6m1 = 2<umui> (11i1)

W,
Rt -
N X‘.
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v e -
CNE AR AN

which gives 4§ equations in 5§ unknowns
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(16.a)
3a + 4 =0

PN

2cy + 3v +

X

LR it
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PRI

a o 8 o v and n can be determineds in term of c, as:
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1 a similar way also the coefficients for the linear +« non

linear model can be obtained as follows. éi%
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a"k =0 :;(Continuity)
1k "7
*
(a+ 58+ c5 + 2 Y<upu > 4+ kg (28 4+ v + ) + ...
<upu, > Y v owm om s (<u_u_><u u_>) " 4 '
+ ——1:—-(u1uk>(a +B +a +58 +¢3) + ———E—ﬂiy—ﬂ—g—-kbml(ﬂ +v +l4q )
$iving

a + 58 + cy Zﬁ' = 0
(16.b)

IS

2B + v + Un =0

' 1
a + 8 + a«a

' mi _
and from the Green's Theorenm akk = 2<umui>

t
2<u v > = <upu;>(3ac + 4g + 2a ) + bpik(2co + 3v 4+ 29) + ...

3a + HB + Za' =2
(16.c)

2¢y ¢+ 3v 4+ 29 = 0 .

<u_u, > <u_u_><u_u >
m k t ” " Lg q q . L
——1:——<uku1>(26 + 3a 4+ 4 ) + w2 kbmi(cz + 3v
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' " .
2B + 3? + 4g =0

] t L]
cg + 3v +2n =0

The result 1s a system of 8 equations with 11 unknowns

Refering to (15) we and collecting terms to get

] ]
(¢)y, = ~(a + ﬁ)Pij - BPkkéij - (cy + 3)D1J + (¢ + B )sij +
(11 [3] (2] .61 5] [10] [12]

.. + (a" + ﬁ")TiJ + (B" + Cz)vij - B'P .<__u_if‘_;]_.>_ + L
[13]  [15] [17) [18] kk &

f11]

-

¥ "
. klfv + 1) . (V' + n')<upuq><“q“p> E + B'S

6
13 kk®13
(71 (91 (191 [21] k< [14]

numbers in square brackets underneath the terms refer to those in

equation (15); with E

15° Pij' and D1J having the following
meaning:
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aU, au,
D = ~(< o —_—
13 ( u Uy axj + <u3uk>axi)

also S.., T.. and V,. are the following tensors
. ij ij i3

ol
1 i
Sij z k(<umui><u1uj> + <umuj><u1ui>)g;;
1 auj an
Tij = ;((ukui><umuk> 3 + <ukuJ><umuk>5;—)
m m
1 aUl bUl
vij = I((uiuk><u1uk>€;; + <ujuk><uluk>3;;)

It can be noted that due to continuity in an
incompressible fluid the constribution of the terms [4], [8],
[16]) and [20]) 18 zero; the term [11] is incorporated into (¢1J),1
and neglected since its variation 1is similar to that of the
second 1invariant. Collecting all terms we obtain the final form
of this non-linear model.

,<upuq><u u_>

1
¢ij = (¢ij)'1 + Al(Pij-ngkbiJ 13

1 1
+ A3(Dij"§nkk6.1j) + A“(Sij-gskkéij)
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ﬁ.As(rij.% Kidig) * ‘6‘"13“%ka513’ (16)
where
J L ]
Ay = ~(a+B) Ay = (ven) Ay = (v +n )
] ] " "

Ay = —-(cq4B) Ay = (« +B ) As = (a +B )

] ]
As = (B +C2)

By comparing equations (16.b) and (16.c) with equation (16.2)
from the linear case it can be noted that only the constants «a°
and pB' are absent from (16.a). It may be concluded, althouéh not
defineté¢ly, that «' ‘and B' are the principal non-linear

constributions ¢to a and so we can neglect a" , B" , n' and v'.

mi
13

Now expressing a, 8, n, and v in terms of ¢y, a' and B' le.:

?%(uc2+10(1—a')+88') B

123
"

1 ] L
-77(3c2+2(1-a Y+68 )

3
"

1 ] ] 1 ] ]
55(2002+(1-a )J+188 ) v -55(50c2+u(1-a Y+128 )

therefore the coefficients A; , A, , A3 and A, of -equation (16)

become

Ay = wf;(c2+8(1-a')+2ﬁ') Ay = -g%(3°°2-2(1'“')“63')

Lo J
w
'

1 ] ] \J  J
= -77(8c2-2(1-a )-68 ) Ay = (a +8 )
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1 t
for a« =8 =0 , A;- , Ay , A3 and A, reduces to the linear

{
quasi-isotropic model of LRR.

Equation (16) is the most general form of the pressure-

';train correlation and an optimization for all the constants 1is a

difficult task, it may be then be reasonable to iook for a
simplified version. In the next section a new approach is
considered in which it is assumed that the parameter c¢3 of the

standard LRR Model is sensitive to the anisotropy of the flow.

3.2 Pressure-strain Model with cy; as a function of the invariants

In our investigation we have found that in solving the
differential equations for Harris et al. flow using LRR modgi, a
constant value for éz fail to predict the level of the shear
stress uv and consequently giving unsatisfactory predictions for
the other Reynolds stresses; similarly 1in the turbulence
undergoing axisymmetric strain the linear and non-linear quasi-
isotropic model are unable to reproduce the Jdeiflection of energy
to the longitudinal component. It is possible ¢to improve this
situation without affecting the predictions for the other flow
considered, by assuming that c; is influenced by the state of
anisotopy of the flow and so cp is taken as a function of the

second and third invariant of the anisotropy tensor, ie:

¢y = 0.4 + albikbkj + azbikbkjbji

where
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<u,u>
bij = ——%:1_ - %613 , a3 and a; are constants,

although so far only the second invariant has been taken 1into

account.

4. Homogeneous Turbulent Flows

Homogeneous turbulent flows are physical models on
which the turbulent motion is simpler; they can be -described by
coupled ordinary differential equations. Theses flow
configurations are the "ideal" cases for computational modelling.

Flow of this class may be devided in three groups

(1) Homogeneous 1sotropic turbulence. This is the simplest type
of turbulence. In spite of the fact that it 1is wunrealistic a
knowledge of its structure and behaviour has provided the basis

for a better understanding of non-isotropic flows,

(11) A second physical model 1is the homogeneous non-isotropic
turbulence with no mean velocity gradients. In this situation
there is a strong tendency towards isotropy and so the first part
of the pressure-strain plays a significant role. For this and the
above group the turbulent kinetic energy is always decaying since
there is only redistribution and dissipation of energy ( we have

used the experimental data of Uberol (1956) and Tuckers and
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Reynolds (1968) ).
1

t

(ii) A third physical model 1is ¢the homogeneous non-isotropic
tu?bulence with constant mean velocity gradient. 1In this
configuration there is producction, redistribution and
dissipation of energy. We may subdivide this group i. flows of

two kind:

Uniform pure strain : In this case the principal axes of the

Reynolds stresses are the same as those of the mean rate of s

strain. We have considered: t;%
- l::

Plane strain ( Townsend (1956), Tucker and %eynolds (1968) ). o

Axisymetric contraction ( Uberoi (1956) Tan-atichat (1980) ).

]
Uniform rotational strainm : In this case the axes of the é&_

£
Reynolds stresses are not aligned with the axes of the mean rate R
by
of strain. We have taken for this kind of flow the experiments of §§2
~a
Champagne et al (1970) and Harris et al. (1977). A
:\_‘.1
.'\\‘(:'_
o Table I summarizes the flows with their initial conditions which ﬁzi
; o
{ NI
s : we have been used in the numerical computation. §&3
) N
1 5. Numerical Computation ne
8 e

'h--
y
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Solving the Differential Equations. The description of

i
these turbulen% flows was done by solving the coupled
differential equations for the Reynolds stresses with thelr

initial conditions and the dissipation equation :

o<u,u,>

—3J _p _2
" 15 * (¢ij)'1 + (¢ij)'2 35
0e _ € -
ot - k(°e1p °e2€)
where
0 0 = =
3t = Ua_x ,» a