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UNIVERSAL PHYSICAL EQUATIONS OF TURBULENCE
Gao Ge ( Beij ing University of Aeronaut ics and Astronautics)

【Synopsis of the full paper in Chinese pp. 199～203】

Using the rate of deformat ion tensor and the perturbed deformation displacement to de-

compose the fluctuat ing velocity of turbulent f low , and then using density-w eighted of f-cen-

tr e ensemble aver age method, instead of the convent ional Reynolds aver age, the N - S equa-

tion has been averaged in a new way w ithout int roducing any phy sical hypothesis. T he un-

known correlat ion terms only appear at terms w ith third o r higher order of accuracy. T her e-

fo re af ter cut ting of f the cor relat ion terms, a set of closed equations of turbulent f low w ith

secondary o rder of accuracy has been der iv ed. There is no co rrelation terms in the equat ions,

no any empirical coef f icients, and no need for perform ing any kind of turbulence models. Any

complex turbulent f low under Mach number Ma= 3. 6 can be described w ith high o rder of ac-

curacy by the equat ions and most of physical characterist ics of turbulence w ould be explained

by the equat ions. In fact , the set of equat ions are the physical equat ions o f turbulence. Bo th

of the equat ions for incompressible or compressible flow are int roduced. The equat ions for

the incompressible tur bulent flow are as fo llow s:
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where V
-, P

- are mean flow parameters, v
-′, p

-′are aver aged f luctuat ing parameters ( v-
′
≠0 for

the special av er age) , and V, P
� are mean f low minus mean pulse parameters.  r is mean per-

turbed defo rmat ion displacement , � ∀ is mean perturbed st rain velocity , and ( 1/ 2) !�× r is
mean perturbed rotat ion velocity .

The equations for the compressible turbulent flow are as follow s:
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where V

-, P- , T- , �-, h- are non-density-w eighted mean flow parameters, v-
′, p-

′, T-
′, �-′are averaged

non-density-w eighted fluctuat ing parameters, and V, P , T , �, h are non-density-w eighted
mean flow m inus mean pulse parameters.

V = V- - v-′　,　P = P- - p-′　, 　T = T- - T-′　, 　�= �- - �-′

v
-′= � V� r = � ∀ +

1
2 !
�
×  r　, 　!� = - � × V　,　V

�
= V

- - � ∀

P
� = P

- - p
-′　,　�e = �L + �T　,　�T = - �L �

2
(� ∀ )
� 2

V
- 　, 　K =

1
2
v
′�v′ 1

2
v
-′�v-′

All parameters w ith superscript o denote density-w eighted mean par ameters. T he relat ion-
ships betw een density-w eighted and non-density-w eighted parameter s, w ith secondary o rder
of accuracy , are
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Using long t ime scale, the above equat ions describe mean tur bulent f low . U sing sho rter t ime

scale, the st ructures of turbulent f low w ith corresponding scales can be described. T he stat is-
tics movement and st ructure movement have been united by the universal phy sical equation
of turbulence.

If let V= V-- v
′+ v

″- v
!+ ⋯, higher oder of accur acy for supersonic f low is possible, and

then the second term on the right side of eq. ( 2) becomes
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where v
-o″may be obtained fr om a sim ilar equat ion o f high order to eq. ( 6)

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

ABSTRACT　　　　“Engine Flight Load Reliabil ity Analy sis”is a special reliablity r e-
search on the subject of engine integral load chart based on “JX/ T J ( Trubojet ) X Engine
Fl ight Load M esurement”. T his paper makes full scale stat ist ics and analysis on a great num-
ber of data obtained form the actual measurements of f light test ing and quite a number of da-

ta collected f rom f light-line service. Atheort ical research has been made on applicat ion o f dou-
ble design w orks to engine low cycle fat igue life calculat ion and test ing. T he results of this
research have been proved by the statist ics and analysis o f JX/ TJX Engine Fly ing Test ing
M easurements.
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