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Combined heat and power
generation — CHP (Cogeneration)

Exercises 7 (KEE/TTE)




Thermal cycle with backpressure turbine

* Increasing efficiency by using heat removed from the thermal cycle for
technological purposes or heating - elimination of thermal cycle losses
* THIS IS NOT CARNOTIZATION, i.e. the gain of mechanical energy does not increase
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Thermal cycle with backpressure turbine

e Superheated steam from the steam generator - expansion in the back-pressure turbine
to a constant pressure p, - emission steam led to consumers S - the steam transfers its
condensing heat - the generated condensate can be used to supply the steam generator

again.
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* Reduction station
— transition from combined heat and power generation only to thermal energy production



Thermal cycle with backpressure turbine

Supplied heat g, is divided into:

** HEAT CONVERTED AT WORK Wy,

+¢* BACK PRESSURE HEAT FOR TECHNOLOGICAL OR HEATING PURPOSES Qop

Qop = Wip + 9Qop
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Heating plant coefficient

= the ratio of the heat output
supplied to the consumer by the
steam from the turbine to the
total heat supplied, i.e.
including the heat supplied
through the reduction station

Qop

a =
Qr'l'QOp



Thermal cycle with backpressure turbine

« Thermal efficiency of the thermal cycle Pas by
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* Total efficiency of the power plant with a backpressure cycle without losses

el Wip + qop —1 I In fact, we must consider the losses in
t — - heat transfer to the consumer, the
Tpp I efficiency of the boiler, the efficiency of
the pipes, etc.




The difference between a condensing turbine and a backpressure turbine

M, | M,

T4 »—4 °* Condensing turbine 3 T4 * Back Pressure Turbine
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The difference between a condensing turbine and a backpressure turbine

e Condensing turbine . * Back Pressure Turbine
Power plant efficiency - gross Heat supply efficiency
el _ o | | _ . KVET
Ntk = Ntok *Ntd *Nm " Ng * Nk * Tp M =M Ned MmNg Mk Mp * Na
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Amount of cooling or service water
M 3600-PF, 3600-PF, 3600 P, 3600 P,
kK = - - - N . ; — . . = . .
P Clg=lex)Nta * Mm * Ng Clg= Tk )Mm * Ng PP ( la_lep)ntd "Nm " MNg ( la_lkp)nm "Ng
m Amount of cooling or servicg water
5 + i chy ) .
| _ Mpy ik — Tkax) _ My (isep — ieap)
— Mchv — ./ . MO - ./ .
| ( l chv_lchv) ( L 0_10)
1, ichv
l
kdk Amount of fuel consumed
M _ ka _ Mpk ) (ia - invk) M . Qpp . Mpp ) (ia - invp)
palk . . : palp — -
dpal Apal * Mk " Np dpal Apal * Mk " Mp



Example

Replace the condensing turbine with a generator with an electrical output of P, =
6 MW by a back-pressure turbine if we supply heat for district heating purposes
with the heat removed from the thermal cycle. The required heat value is 80 °C.
The return water temperature is 40 °C.

Calculate how the thermal efficiency of the RC cycle will change and what the
overall efficiency of CHP (combined heat and power) will be.

Specified parameters:
ps=p,=3.5MPa, ps=p, =6kPa, q,,=12 220 ki/kg,
t,=t,=435°C t,=t,=35°C Par Ly
1 _
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Condensing turbine
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p,=3.5MPa, t,=435°C
P = 6 kPa, t,, =35 °C

Example - Solution

Back Pressure Turbine
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M, -~ M, t,=80"C
B O — Yo
P Ve

p, =3.5MPa, t, = 435 °C
t,, = 80°C=t,,
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Example - Solution

Determination of enthalpies of admission steam and condensate using software

Vypocet Body Funkce Rozsahy Diagram Tisk

Vybér funkce

Condensing turbine

v

SR

Condensate enthalpy

Oblast Obecné funkce
]Obecné funkce ~| |I_TP ~|
Vstupnivelic¢iny .
Teplota = (435 oC \
Tlak = (3.5 MPa
. &
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Entalpie = 146.645 kl/kg
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Example - Solution

* Determination of enthalpies of admission steam and condensate using software

Vypocet Body Funkce Rozsahy Diagram Tisk

Vybér funkce

Back Pressure Turbine

v PN

Oblast Obecné funkce
IObecné funkce ~| |I_TP ~|
Vstupniveliéiny
Teplota = (435 oC
Tlak = (3.5 MPa

Vypocétena hodnota

=
Rl L
i

En1317303.612 kifkg

y 4

"
/ Vypocet Body Funkce Rozsahy Diagram Tisk

/

Vybér funkce

W "4

W

&

Oblast Mez sytosti
/ Ih’lel sytosti ~| ||1 o ; ~|
Enthalpy of Vstupniveliéiny
admission / Teplota = [80 °C
steam
Vypoctena hodnota
)
Condensate enthalpy == = Entalpie = __ SEE

334.949 kiikg

4

-~




Condensing turbine
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\ 4

Condensing turbine Back Pressure Turbine S
Point | Temperature (°C) |Pressure (MPa)| Enthalpy (kJ/kg)
4 435 3.5 3 304
Condensing 5 35 0.006 2 140
turbine 5 35 0.006 2 373
1 35 0.006 147
4 435 3.5 3304
Back Pressure 5 80 0.047 2413
Turbine 5 80 0.047 2591
1 80 0.047 335




Pas iy

Example - Solution | Ta,
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* Ideal thermal efficiency of the thermal cycle i 1 >y 1B,
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Pas i

Example - Solution | Ta,
i, s 4 |
* Real thermal efficiency of the thermal cycle i L | e, B
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* Back Pressure Turbine
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Pas i

Example - Solution | Tu,
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* Total ideal efficiency of the power plant without losses

e Condensing turbine
l _
Nek =

 Back Pressure Turbine

el _ KVET _
Nep =M =
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Example - Solution i Tu,
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* Power plant efficiency - gross _ - - : ’
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* Condensing turbine

M5k = Mok * Ned * M * Mg * Mie * Np =

 Back Pressure Turbine

ne =08 Mg M Mg M- M~ Nae =
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Example - Solution

* Mass flow of the working substance

Y N = 0.96
v 1y =097
v P,=6MW

* Condensing turbine

Mpk -

 Back Pressure Turbine

rp
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Example - Solution

* Mass flow of cooling water and service

water

e Condensing turbine

Lkk

56 o =30°C

Lkdk

T Aok

|
j@I tony = 20 °C

e Back Pressure Turbine
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Next exercise

Steam-gas cycle
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