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Basic relationships

Temperature ¢ (°C)

= state quantity expressing the thermal state of the substance (working medium)
Absolute (thermodynamic) temperature

[
T=Tott (K) |
Energy E () Absolute zero = 273,15 K
= ability of the substance to do work (state variable)

Heat transferred

= energy transferred between the thermodynamic system and the environment
(not a state variable)

Q=m-c-At()) resp. Q=m-c AT (J)
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Basic relationships
Specific heat capacity

= specific value of the heat

¢ U-kg™ K

* The amount of heat needed to heat 1 kg of substance by 1 degree.
* It depends on how the substance are heated

— heating at constant pressure
- heating at constant volume
Work ¢

= force acting in the direction of travel on a unit of length

W=F-s ()
Power

= work per unit time

w
p=T=F.v(].s—1=W)




Basic relationships

w
p:T(].s—lzw)

we=1 | b wn -] mh 1h=3c00s,

| 1kWh = 860 kcal = 3 600 kJ

1cal =4,186]
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Energy efficiency

* Energy cannot be produced or destroyed, but only transformed into another
form of energy
* The energy entering the into energy system must be equal to the energy

leaving this system
leEnergy losses

Energy input
p —— Energy system f—— P
p Energy output

Energy input = Energy output + Energy losses

Energy = the ability of matter to work
W=F.s (N.m=J)
* Energy efficiency = ratio between energy input and output

77—(.0)

Energy efficiency

Efficiency can also be expressed in terms of losses:

Ener;
Energy Iosseg:
input
PP _ P
n= =

P, P P, P
Energy efficiency for a specific period of time (T):

) IﬂTPdT W

. _w
[ par W,
0




Example 1

The electric motor with a power input of 15 kW lifts the elevator car weighing
450 kg with a steady movement at a speed of 3 m / s. What is the energy
efficiency of this electric motor?

Solution

Given values

* Electric motor input..
* Elevator weight .
« Stroke speed......cc.cccoreerne
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Example 2

What must be the power input of the heating system if we want to heat 3 kg
of water in half an hour to the boiling point? The energy conversion
efficiency is 50 % and the initial water temperature is 20 © C. The specific
heat of water is ¢ = 4,186 kJ.kg™'.K1.

Solution

+ The amount of work that must be supplied to the water W =17 - Pp

* Energy needed to heat the water ‘ W=Q=m-c-At

_m-c-At

_3-4,186- (100 — 20)
P 7t =

= Fo 0,5-30-60

=1,116 kW

Example 3

By braking the motor with power P = 25 kW, all the energy from the motor
was converted into heat. Calculate the required amount of cooling water
in 1 minute if the temperature of the supply water t;, = 15 °C and the
temperature of the discharged water t, = 45 °C.

Solution

Q=m-c-At
Given values
« Engine power W=mn-P,-t
o TiMe e i
« Supply water temperature t;=15°C w=q

« Discharge water temperatur

_Mm-Pyrt  P-t 2500060
T c-At c-At  4186-30

=11,94 kg




Summary

1. All forms of energy can be transformed into heat completely, but
conversely not.

2. Heat can only be removed from the systems based on the
temperature difference.

3. The transformation of heat into another energy form can also be
performed only on the basis of the temperature difference.

4. Any other energy transformations that are not performed by heat
transformation have small losses and can theoretically be
considered 100%.
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Consumption characteristics

= dependence of the output power on the input power P, = f (P), for thermal
power plants Q =f (P)

. . n, Pp
The power plant unit operates in the

technical range from P_; to P .

Graphically

- approximation of measured (observed) heat
consumption (power input) - polynomial of
the 2nd degree

Pp=Ag+B.P+C.P?

Control range

No-load

Ao
= approximation constants T
L

losses

.
]
[

- linearization of quadratic function Prin Popt Pmax P

The consumption characteristic can be determined only by measuring, when we
change the power consumption and determine the power input to the system.

11
Consumption characteristics
— 2
Specific heat consumption | Pp=Ag+B.P+CP |
P, 1 Nmax
= dependence of the specific heat A = =
consumption on the output power . I
\ §/
>
7
7
J ,}@
: Q
Optimal performance and I/
energy efficiency ) 4
(see graph) S
) J
B
Pmin P" Pm;.\.
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Consumption characteristics

Hospodarné rozdélovani zatiZeni
- celkové naklady minimalni
- ti¢innost nejvyssi— extrém funkce n

(tj derivace podle vykonu = 0) <[.'.«> i

15 (e | moms oo
Vypocet smérnice piimky jdouci z potatku, / T

kterd se dotyka celkové souétové
charakteristiky v bodé ekonomického . !

vykonu P, (viz pfednaska) @Rt
01l 5 v, L.
Ao
P, opt = ?

0 4 H 12 P[MW]
13
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Example 4

When measuring at the power plant unit, the following points of consumption
characteristics were measured (see table). Determine the square shape of
this consumption characteristic.

i 1 2 3 4 5
P,lto,) |%| 80 100 150 180 200
P, (MW]|y, | 381 42,7 54,5 64,4 71,8

Solution

Quadratic regression curve of the measured values:

y=a+bx+cx

The least squares condition is: n

b3 (y, —a—bxj —cxiz) g min

=

14

Example 4
y=a+bx+cx2 =) zn:(yi-a~b.\',—cx;)2;min

i=] !
We derive this function according to the parameiers a, v, ¢ (uerivauon o1 uns nction).
Then we set the results = 0 and in the next step we get three linear equations:

n
Soa+s1b+s9¢= Y y;
i=1
n
sja+sab+s3e= X xpy;
i=1

.Xzy
et

Mx

sra+s3b+s4c=
i

kde: sm= ilx;" m=0+n-1

From this system of equations we can calculate the coefficients a, b, c:

15




Example 4

5; h n . n
(5254 _S3).—Exyi +(s253 —-Y154),Zl Xiyi+(s153 —S%)Z:l x7y;
ae & = =
A

n = n n
(5253 —5154)’_21% + (5084~ 53) leiyi +(3152 —5083) X 12y
_ = i= i=l

b= A »

2 n n n
(5155 — 32)',2] Yi+t(s182— 503‘3)21 Xi; +(S052 ~57) Zl i
o= e i= =
A

‘ 2
kde: A =so(s254—53)+51(5253 — 5154) +52(5153 —s%)
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Example 4
i 1 2 3° 4 5
Pp [tmp] X; 80 100 150 180 200
P, [MW]|y; 38,1 42,7 54,5 64,4 71,8
In the given example, the number of measured values is n =5, so:
n
n
2 yi=271,5 > xyi=179 875
i=1 =]
&2
Elxiyi=6855 267 So=5
n 1 n o,
sl=i§1xi =710 s2=.21xi=143 700
= =
& .3 n o4
s;:ilei =18718 991 sa= Y x}=3,297.10°
= =1
Example 4

2
A=50(5254 = 53)+51(5253 = 5154) +52(5183 —s%)

A= -1,92867 . 10"
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- . 2 n T n n T |
(5254 -33)1'—21 Vit (s253-5 1S4),Zl Xiyi+ (5183~ 53) Ex x2y;
a= — = =
A

n n n
; (5253 -5 154)’_53l Yi+(Sos4~ Sg)r%l Xiyi+ (5157 — .s-osg)igll x2y;
h A

. 2 n n n
(195 =) 2 21 + (5182 = 3083) 2 591 + (So52 =S £ 24
. .
A

_ 3,34975.1016 +1,41455.1016 - 4 987576.10'6
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-1,922867.1014 = 11,61
= 247671101 - 3,326546.1014 + 5,78039.1013 =129
-1,922867.1014 -
_=1,99816.10'% +6,743074.1011
4.10'1 +1,46977.1072 - 7.566.10~
-1,922867.1014
e 19
Example 4
_3,34975.10%6 +1,41455.10'6 - 4,987576.1016 161
~1,922867.1014 o
= 2.47671.105 - 3,326546.10 + 5,78039.1013 129
-1,922867.1014 7
_=1,99816.10'2 + 6,743074.1011 12
4.10' +1,46977.10 - 7.566,10~
~1,922867.1014
Pp=Ay+B.P+C.P?
The resulting quadratic consumption characteristic is:
P =1161+129P, - 7,566.107 P}
20
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Next exercise
Thermal cycles




