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Using the rate of deformation tensor and the perturbed deformation displacement to de—
compose the fluctuating velocity of turbulent flow, and then using density-weighted off-cen-
tre ensemble average method, instead of the conventional Reynolds average, the N— S equa—
tion has been averaged in a new way without introducing any physical hypothesis. The un-
known correlation terms only appear at terms with third or higher order of accuracy. There-
fore after cutting off the correlation terms, a set of closed equations of turbulent flow with
secondary order of accuracy has been derived. There is no correlation terms in the equations,
no any empirical coefficients, and no need for performing any kind-of turbulence models. Any
complex turbulent flow under Mach number M a= 3.6 can be described with high order of ac-
curacy by the equations and most of physical characteristics\of turbulenice would be explained
by the equations. In fact, the set of equations are the physical equations of turbulence. Both
of the equations for incompressible or compressible flow are introduced. The equations for

the incompressible turbulent flow are as follows:
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where V, P are mean flow parameters, v, p are averaged fluctuating parameters (v Z0 for
the special average), and V, P are mean flow minus mean pulse parameters. & is megn per—
turbed deformation displacement, v ®is mean perturbed strain velocity, and (1/2) Q<& is
mean perturbed rotation velocity.

The equations for the compressible turbulent flow are as follows:

ag+ (Ve v)V= - 1EVPA+ WV 4 (F’ v)‘; VE V(ore V) =< Q
+ %v(v -V (5)
i A 1 0p, O |Qu Gy Qi 0 v Q20 o Ou
T e TT Tl T ac,”[axj* a]* Tt a2 e, T 3
ag)+ (Ve V)= - 217Vp_’+ WY+ ;“v(v-vJ) - (P V)V+ VK° (6)



288 Journal of Aerospace Power Vol. 7

(10)
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p = R(PT + PT - PT) o (12)
where V. P, T, P,k are non—density-weighted mean flow parameters, v.p . T , P are averaged
non-density-weighted fluctuating parameters, and V, P, T, P, h are non-density -weighted
mean flow minus mean pulse parameters.

V=V-v , P=P-p , T=T-T", P="PLD
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All parameters with superscript o denote density weighted mean parameters. The relation—
ships between density-weighted and non—density-weighted parameters, with secondary order

of accuracy, are
v Pl - 2 ) P
V= ‘:[.1— fj , U\ = v{l— p] , T'= T[l— pj , To= Tfl— p]

Using long time scale, the above equations describe mean turbulent flow. Using shorter time

P=P-p , w= w+ v~ w==

scale, the structures of turbulent flow with corresponding scales can be described. T he statis—
tics movement and structure movement have been united by the universal physical equation
of turbulence.

If let V= V- v+ v=v'+ , higher oder of accuracy for supersonic flow is possible, and
then the second term on the right sid( of eq- '(2) _becomes

(V. v) ‘—)0’+ vV 2vV— ) 4 " ]

where l;anmay be obtained from a similar equation of high order to eq. (6)

ENGINE FLIGHT LOAD RELIABILITY ANALYSIS
Cheng Dejin, He Jingyang ( Chinese Flight Test Establishment)

ABSTRACT “Engine Flight Load Reliability Analysis”7s a special reliablity re—
search on the subject of engine integral load chart based on “¥X/TJ ( Trubojet) X Engine
Flight Load M esurement”?T his paper makes full scale statistics and analysis on a great num—
ber of data obtained form the actual measurements of flight testing and quite a number of da—
ta collected from flightdine service. Atheortical research has been made on application of dou—
ble design works to engine low cycle fatigue life calculation and testing. The results of this
research have been proved by the statistics and analysis of JX/TJX Engine Flying Testing
M easurements.



