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INDICIAL MOTATION Seeses

(Cartesian Tensor)

Basic Rules

® A free index appears only once in each
term of a tensor equation. The equation
then holds for all possible values of that
index.

° Summation is implied on an index, which
appears twice.

® No index can appear more than twice in

term. ‘ ,
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rbulence

Definition (Carrtasian Tensors) Carksen

Change
of Frame

|det\Q”\ =4
|QijQik = 8jk Qiijj = Oy
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Definition (Cariasian Tensors) Clkson
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Definition ((Cartasiain Tensors) Cleskson

Definition (Cartasian Tensors) Clarkson

Transformation in cos® sin®
Two Dimension | |[Q]=| .
—sin® coso
Kronecker
Delta
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Scalar -:>|T* _ T\
Vector -jl V* — Q Y \
seiorie] [+ =Q-¢-Q]
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Vectors and Tensors S

Definition (Caritasian Tansors) Clerksen

Vector | M v = Qv
Second -:’
Order Tensor |kQ j|tk|

[jlxijk = Qimanlekmnl\
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Third Order
Tensor
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Alternating 1

<.
Symbol ik

g =1, fori, j, k even permutation

gy =—1, fori, j,k oddpermutation
g =0, whentwoindicesareequal
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Tensor Operations Cksen

Tensor Opearations Cksen

Gradient

Divergence

ME 639-Turbulence G. Ahmadi

oU
(VxU); =gy aTk =& Uy

]

Determinant .jl d9t|A| = gijkAliAZjASkl
Identity -:> €ik€imn = OjmOkn — 0y Oy

Laplacian |l:} \
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Curl
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Isotropic Tensors Sk

Isotropic Tensors Sk

Rank Zero: -:>| All Scalarsl
Rank One: -:>

Rank Two: -_>
Rank Three: -:> agijk
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Rank Four:

08y +B(8;0; +6;8;)
+ Y(siksjl - 8iI8jk)
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