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What is Turbulent Fluid?

• There is no definition on turbulent flow,but it has a number of 

characteristic features (seeTennekes&Lumley)such as:

• 1-Irragularity, Turbulent flow is irregular, random and chaotic. The flow

consists of a spectrum of different scales (eddy sizes) where largest eddies

are of the order of the flow geometry (i.e. boundary layer thickness, jet

width, etc).
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• 2- Diffusivity, In turbulent flow the diffusivity increases. This means that the

spreading rate of boundary layers, jets, etc. increases as the flow becomes turbulent.

The turbulence increases the exchange of momentum in e.g. boundary layers and

reduces or delays thereby separation at bluff bodies such as cylinders, airfoils and

cars. The increased diffusivity also increases the resistance (wall friction) in internal

ows such as in channels and pipes.

Flow over Cicular Cylinder Re=7×103

The picture can't be displayed.
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• 3- Three-dimensional Vorticity flactuations, Turbulent flow is always

rotational and three-dimensional.However, when the equations are 2D time

averaged, an important vorticity-maintenance mechanism known as vortex

stretching is absent in two-dimensional flow.
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• 4- Dissipation, Turbulent flow is dissipative, which means that kinetic energy

in the small (dissipative) eddies are transformed into internal energy. The small

eddies receive the kinetic energy from slightly larger eddies. The slightly larger

eddies receive their energy from even larger eddies and so on. The largest eddies

extract their energy from the mean flow. This process of transferred energy from

the largest turbulent scales (eddies) to the smallest is called cascade process.
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• 5-Continuum, Even though we have small turbulent scales in the flow they are 

much larger than the molecular scale and we can treat the flow as a continuum.

:هاينز
 مقدار كه بوده نامنظم جريان يك متلاطم جريان

 را زمان و مكان به وابسته تصادفي رفتار يك متغيرها
 توان مي آماري ديدگاه از كه داده نشان خود از

  نمود مشخص متغيرها براي را متوسطي مقدار
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Turbulent Scale

بوده و  اين اندازه مي تواند به بزرگي ابعاد هندسه. در جريان متلاطم طيف وسيعي از اندازه اديها وجود دارد•
.باشد)Kolmogrov Scale(حتي در ابعاد بسيار كوچك 

 دانمي از انرژي ديدگاه اين در .گرديد مطرح درهم جريان در انرژي توزيع اساس بر اديها اندازه ابعاد بحث•
 انتقال ناي .شود مي داده انتقال كوچكتر اديهاي به انرژي اين سپس و شده منتقل بزرگ اديهاي به سيال
 اين .ودر مي ازبين لزجت توسط شده منتقل انرژي نهايت در و يافته ادامه ادي مقدار كوچكترين تا انرژي

.گرديد بيان 1941 سال در Kolmogrov آقاي توسط بار اولين براي موضوع

لازم بذكر است كه اصطكاك ناشي از لزجت سبب تلفات انرژي در همه ابعاد ادي مي گردد

ولي اثر آن در اديهاي كوچك مشهود تر است 

2
/ τν=
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• Kolmogorov's hypothesis of local isotropy. At sufficiently high Reynolds number, the 

small-scale turbulent motions ((.l <<. l0) are statistically isotropic.

• The first hypothesis concerns the isotropy of the small-scale motions. In general, the

large eddies are anisotropic and are affected by the boundary conditions of the flow.

Kolmogorov argued that the directional biases of the large scales are lost in the chaotic

scale-reduction process, by which energy is transferred to successively smaller and

smaller eddies

• Kolmogorov's first similarity hypothesis. In every turbulent flow at sufficiently high

Reynolds number, the statistics of the small-scale motions have a universal form that is

uniquely determined by ν and ε.

 به لزجت از حاصل اصطكاك نيروي توسط اديها به شده منتقل انرژي كل تقريبا بالا فرض از استفاده با

 كليه تا گردد مي سعي ادامه در .ε = اديها به انتقالي انرژي اساس اين بر .گردد مي تبديل تلفات
.گردند محاسبه ν و ε كميت دو از استفاده با كوچك اديهاي مشخصات
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 ν و ε براي مثال محاسبه سرعت اديهاي كوچك بر اساس 

.-1) ثانيه(و براي زمان  1يعني براي متر . بايد ابعاد دو طرف معادله برابر باشد

و به همين ترتيب خواهيم داشت

مقياس طول

مقياس زمان

Reynolds number based on the 

Kolmogorov scales is unity, 

υη/ν=1
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• The ratios of the smallest to largest scales are readily determined from the 

definitions of the Kolmogorov scales and from the scaling                   The 

results are
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2
/ τν=

rmsu

λ
τ =

τ
ε

2

rmsu
≈

d = dissipation

e = eddy

Micro scale
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The Energy spectrum

For homogenous turbulent flow:

The total turbulent kinetic energy is:

2
/ τν=
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For more detail see Ref.[5] section 6.1.3
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Measurements of one dimensional

longitudinal velocity spectra

(symbols (, and model spectra

(Eq. F.246)) for Rλ
=30,70,130,300,600, and 1,500

(lines). The experimental data

are taken from Saddoughi and

Veeravalli 1994) where

references to the various

experiments are given. For each

experiment, the final number in

the key is the value of Rλ.
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Why are vorticity and vortex stretching so important to the study of turbulence?

We shall discover that energy is transferred to small scales by vortex

stretching and that the dissipation rate of energy is proportional to the

mean-square vorticity fluctuations if the Reynolds number is large enough.

Vortex reorientation

.....  و 7و  1مرجع. در ارتباط بااثر كشيدگي گردابه و چرخش آن يك گزارش كامل ارائه دهيد: 1تكليف شماره 


