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일반적열전도방정식

−𝑘
𝜕$𝑇
𝜕𝑥$ +

𝜕$𝑇
𝜕𝑦$ +

𝜕$𝑇
𝜕𝑧$ + �̇� = 𝜌𝐶/ 0

𝜕𝑇
𝜕𝑡

−𝑘
𝜕$𝑇
𝜕𝑥$

+
𝜕$𝑇
𝜕𝑦$

+
𝜕$𝑇
𝜕𝑧$

+ �̇� = 0

Steady-state

−𝑘
𝜕$𝑇
𝜕𝑥$

= 𝜌𝐶/ 0
𝜕𝑇
𝜕𝑡

One dimensional (𝑥) non Steady-state 
without internal heat generation

𝜕𝑇
𝜕𝑡

= 𝛼
𝜕$𝑇
𝜕𝑥$

𝑇는공간 (𝑥) 와시간
(𝑡)의함수. ODE?
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Solution of Heat equation

𝜕𝑇
𝜕𝑡

= 𝛼
𝜕$𝑇
𝜕𝑥$

𝑇는공간 (𝑥) 와시간 (𝑡)의
함수. ODE? (변수가하나인

미분방정식)
𝑇 𝑥, 𝑡 = ∫ Φ 𝑥 − 𝑦, 𝑡 𝑔 𝑦 𝑑𝑦

주로, Fundamental solution을얻는다.
주어진경계조건에적절한 Green 
function을찾는다.

우리가사용하는해결방식은무차원
(dimensionless) 단일변수를찾는것에서부터.

𝜂 =
𝑥

2 𝛼𝑡

𝜕𝜂
𝜕𝑥

=
1

2 𝛼𝑡
𝜕𝜂
𝜕𝑡

= −
𝑥

4 𝛼𝑡=

𝜕𝑇
𝜕𝑡

=
𝜕𝑇
𝜕𝜂

⋅
𝜕𝜂
𝜕𝑡

= −
𝑥

4 𝑎𝑡=
𝜕𝑇
𝜕𝜂

𝜕$𝑇
𝜕𝑥$

=
𝜕 𝜕𝑇
𝜕𝜂 ⋅

𝜕𝜂
𝜕𝑥

𝜕𝑥
=
𝜕 𝜕𝑇
𝜕𝜂 ⋅

1
2 𝛼𝑡

𝜕𝑥

=
1

2 𝛼𝑡

𝜕 𝜕𝑇
𝜕𝜂
𝜕𝑥

=
1

2 𝛼𝑡

𝜕 𝜕𝑇
𝜕𝜂
𝜕𝜂

⋅
𝜕𝜂
𝜕𝑥 =

1
2 𝛼𝑡

𝜕$𝑇
𝜕𝜂$

⋅
1

2 𝛼𝑡
𝜕$𝑇
𝜕𝑥$

=
1
4𝛼𝑡

𝜕$𝑇
𝜕𝜂$

−
𝑥

4 𝛼𝑡=
𝜕𝑇
𝜕𝜂

=
𝛼
4𝛼𝑡

𝜕$𝑇
𝜕𝜂$

−
𝑥
𝛼𝑡

𝜕𝑇
𝜕𝜂

=
𝜕$𝑇
𝜕𝜂$

−2𝜂
𝜕𝑇
𝜕𝜂

=
𝜕$𝑇
𝜕𝜂$

𝑑𝑇
𝑑𝜂

= −
1
2𝜂
𝑑$𝑇
𝑑𝜂$

Put 𝑦 = @A
@B

gives

𝑦 = −
1
2𝜂
𝑑𝑦
𝑑𝜂
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Solution of Heat equation
𝜕𝑇
𝜕𝑡

= 𝛼
𝜕$𝑇
𝜕𝑥$

Put 𝑦 = @A
@B

gives

𝑦 = −
1
2𝜂
𝑑𝑦
𝑑𝜂

−2𝜂𝑑𝜂 =
1
𝑦
𝑑𝑦

−𝜂$ = ln 𝑦 + 𝐶

Put 𝐶 as ln 𝐴 gives

−𝜂$ = ln 𝑦 + ln 𝐴 −𝜂$ = ln
𝑦
𝐴

𝑦
𝐴
= exp(−𝜂$) 𝑦 = 𝐴 ⋅ exp(−𝜂$)

Remember 𝑦 = @A
@B 𝑑𝑇

𝑑𝜂
= 𝐴 ⋅ exp(−𝜂$) 𝑑𝑇 = 𝐴 ⋅ exp −𝜂$ 𝑑𝜂

K
AL

AM
𝑑𝑇 = 𝐴K

BL

BM
exp −𝜂$ 𝑑𝜂

적분하면?

𝜂 = ∞ (즉, 𝜂 = O
$ PQ

= ∞) 인조건은

모든 𝑥에서 (즉어느공간점에서)
𝑡 = 0인조건과동일하다.

𝜂 = 0 (즉, 𝜂 = O
$ PQ = 0) 인조건은

모든 𝑡에서 (즉어느시점이든) 𝑥 =
0인조건과동일하다.

𝜂 = ∞조건 → 𝑡 = 0이며모든
공간에서동일한온도

𝜂 = 0조건 → 𝑥 = 0이며어느
시점에서든동일한온도

K
AL

AS
𝑑𝑇 = 𝐴K

T

U
exp −𝜂$ 𝑑𝜂

𝑇V − 𝑇T = 𝐴
𝜋
2

2
𝜋
𝑇V − 𝑇T = 𝐴

K
A

AS
𝑑𝑇 = 𝐴K

B

U
exp −𝜂$ 𝑑𝜂 𝑇V − 𝑇 =

2
𝜋
𝑇V − 𝑇T K

B

U
exp −𝜂$ 𝑑𝜂

𝑇V − 𝑇
𝑇V − 𝑇T

=
2
𝜋
K
B

U
exp −𝜂$ 𝑑𝜂

2
𝜋
K
B

U
exp −𝜂$ 𝑑𝜂 =

2
𝜋
K
T

U
exp −𝜂$ 𝑑𝜂 −

2
𝜋
K
T

B
exp −𝜂$ 𝑑𝜂

2
𝜋
K
B

U
exp −𝜂$ 𝑑𝜂 =

2
𝜋

𝜋
2 − erf 𝜂 = 1 − erf 𝜂

𝑇V − 𝑇
𝑇V − 𝑇T

= 1 − erf 𝜂 𝑇 − 𝑇V
𝑇T − 𝑇V

= 1 − erf 𝜂
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Exp (-x^2) and erf

Bell	모양곡선
𝑦 𝑥 = 𝑒]O^

𝑦 0 = 𝑒]T^ = 1

𝑥 → ±∞, 𝑦 → 0

K
]U

U
𝑒]O^𝑑𝑥 = 𝜋 K

T

U
𝑒]O^𝑑𝑥 =

𝜋
2

Error	function;	erf.

erf 𝑥 = ∫L
h ijh^@O

∫L
k ijh^@O

= $
l ∫T

O 𝑒]O^𝑑𝑥 erf 𝑥 ≈
2
𝜋

3𝑥
𝑥$ + 3

erfc 𝑥 ≈ 1 − erf 𝑥
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반무한고체의전도
𝑇 − 𝑇V
𝑇T − 𝑇V

= 1 − erf 𝜂
𝑇 − 𝑇V
𝑇T − 𝑇V

= 1 − erf
𝑥

2 𝛼𝑡

𝑥 → ∞

𝑇 초기조건 (𝑡 = 0)𝑇 𝑥 ≥ 0, 𝑡 = 0 = 𝑇V

𝑥 → ∞

𝑇
𝑇 𝑥 = 0, 𝑡 ≳ 0 = 𝑇T

경계조건 (𝑡 > 0)

T(x,t) in general?
𝑇 − 𝑇V
𝑇T − 𝑇V

= 1 − erf
𝑥

2 𝛼𝑡
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반무한고체의전도예제 8.4
𝑇V = 25°𝐶,
𝑇T = 100°𝐶

𝛼 = 1.2×10]u𝑚$/𝑠
반무한 steel rod에서
1차원열전도식응용.

𝑄z 5분후봉의한쪽면에서부터 0.1m 떨어진지점의온도는얼마인가?

𝑄$ 0.01m 떨어진지점의온도가 75°𝐶로상승하는데걸리는시간은얼마인가?


