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Thermal System
° q - KA@

A0 :temperature difference  [°C]

0 : heat flow rate [keal / sec]

K : coefficient | keal /(sec-°C) |

specific [ keal / (kg -°C) ]

eat : o

Heat capacitance: C=m-« [keal /°C]
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Heat Flow Rate

Coefficient K: K :A@ (conduction)
X

= HA (convection)

k =thermal conductivity, [kcal /ms°C]

A = area normal to heat flow, [m?]

AX =thickness of conductor, [m]

H = convection coefficient, [kcal / m*s°C]
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Heat Balance Equation
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Thermal Resistance / Capacitance

e Thermal resistance

_ change in temperature difference ['C]

R
change in heat flow rate [kal /sec]
_Af Rl
R K

e Thermal capacitance

g _changein heat stored [kcal |

" dé  changein temperature| °C |

=m-cC (mass [kg]- specific heat[kcal /(kg - °C)])

déo

_4
t C
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Thermal System : Thermometer System

1 AD ambient temperature ¢ :constant

q=KAfI, R=—, Qq=— _
K R bath temperature 6 +6,, 6, : constant

qdt =Cdé#
C : heat capacitance of the thermometer
C, : heat capacitance of the fluid

R :thermal resistance

— Bath (0+6,)-(60+06) ¢,-0
4= R R
do 1
o = —t=%=ﬁ(6’b—9)

2206 1
ﬁ "T'F_eb(s)_RCs+1

o(t)=6, (1_6;&]

>t = Qb(t)ZH
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Thermal System : Thermometer System

['hermometer

When g applied,
(dg, 1
dt—CJq q)

1
9 =E(0b—0)

dg 1

E_Cq /\/
dg 1 1 1 o 1, 1

— = — Hb—l_ H"‘ qi’ - — 9"‘ gb
d RC, ° RC, C, dt RC  RC

N

— Bath

(RC,s+1D)0B,(s)=0(s)+RQ.(S), (RCs+1)O(s)=0,(s)
= (R*C,Cs’ + RCs +RC,s)0(s) = RQ.(s)

() = 1 ~ 1 (C<<C,, RCissmall)
Q(s) s(RC,Cs+C,+C) sC,
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Thermal System : A Steel Processing Plant

Hot steel 1200°C

<« AX _>V
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Lubricant breakdown at 755°C

e Large slabs of red-hot steel

o T

steel

= 1600°F : almost constant

* T, = 100°F (ambient temperature)
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Thermal System : A Steel Processing Plant

T, :ambient temperature

R, : thermal resistance between the slab and the rollers (conduction)

R, :thermal resistance between the rollers and the ambient air (convection)
and the bearing support (conduction)

Thermocouple : Produce voltage proportional to its temperature

H(t)“

roller : mass=m, specific heat capacitance = C_ [kcal / kg°C]

t

[min]

heat capacitance=C =m-C_
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Thermal System : A Steel Processing Plant

<+ —> —> 1 (T.-T))
q -
| R
NN NN NN 1
g, = _(T T)
RZ
\
dT,
Heat balance: m-C - " =0, —Q,
=— i+i T + 1TS+ 1 T,
ql Rl R2 R1 R2
V(S ,
\ /’?_\\H Sensor : ()= a , TVN=-V+al,
T.(s) 7s+1
/ X=V+ [V (7 : time constant)
q, if, x>x, = stop
X<X, = restart
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Thermal System : A Steel Processing Plant

V > Stop the process or
- > increase the distance
ﬂ R Algorlthm between the slabs AX
dt
X=V+ pV

if, x>x, stop
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