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Calendar rating-plan of the course
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Modules:
• Module 1. Heat consumption, power supply systems and their equipment

• Module 2. Methods of heat load control. Hydraulic calculation and regimes of heating networks operation

• Module 3. Heating systems, heat load calculation

• Module 4. Hydraulic calculation of water heating systems

Lectures:
• 1-2 weeks - Lecture 1. Basic concepts and facts about heat consumption,  power supply systems and their equipment;

• 3-4 weeks - Lecture 2. Methods of heat load control. Hydraulic calculation and regimes of heating networks operation;

• 5-6 weeks - Lecture 3. Basic concepts and facts about heating systems, heat load calculation;

• 7-8 weeks - Lecture 4. Hydraulic calculation of water heating systems;

Practical lessons (overall 20 points):

• Practical 1-2. Heat load calculation – 2.5 points
• Practical lesson 3. Calculation of heat losses of building through enclosure – 2.5 points

• Practical lesson 4. Hydraulic calculation of water heating systems of domestic building – 2.5 points

• Practical lesson 5. Load graphs for heating, ventilation and hot water supply. Calculation of the increased and corrected 

graphs – 2.5 points

• Practical lesson 6. Hydraulic calculation of heating networks – 2.5 points

• Practical lesson 7. Selection of heaters, shut-off and control valves – 2.5 points

• Practical lesson 8. Determination of characteristics of pumps – 2.5 points



Calendar rating-plan of the course

Laboratory works (overall 30 points):
• Laboratory work 1. Arrangement and principle of operation of an autonomous heating system. Preparing for operation, 

filling the system with a coolant, starting the hydraulic circuit and measuring system – 10 points

• Laboratory work 2. Experimental determination of the nominal power of the heater and its specific characteristics – 10 

points

• Laboratory work 3. Implementation of qualitative and quantitative methods for controlling the load of a heating system – 10 

points

Seminars (overall 30 points):

• Seminar 1. Characteristics of heat supply systems – 15 points 

• Seminar 2. Characteristics of heating systems – 15 points 

Exam – 20 points

Total points – 80+20=100 points 
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Lecture 1. 

Basic concepts and facts about heat 

consumption,  power supply systems 

and their equipment
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Content of Lecture No 1
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1. Heat consumption: classification of heat loads and ways of their calculations.

2. Heat supply systems: classification.

3. Equipment of the main parts (CHPP – Central Heating and Power Plant (cogeneration), district 

heating substations; heat networks) of heat supply systems.

Tomsk CHPP-3 Individual heating substation 
Heat networks
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1. Heat consumption

Heat load

seasonal year-round

Methods of heat load calculation:

• using generalized characteristics;

• heat losses calculations through the elements of building envelope.

space heating, ventilation technological needs, hot water supply



7

Heat load on space heating

Thermal equilibrium of a building:

sum env inf int emQ Q Q Q ,W  

where  

• Calculation method with using generalized characteristics:

Maximum heat flow for heating residential and public buildings without infiltration:

 p 6

h h 1Q q F 1 K 10 ,MW f f  p p p 6

h h ext int hQ q V t t 10 ,MW v v
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Average heat flow for heating for the average for heating season outside temperature:

 
 

p av

int extp

h h p p

int h

t t
Q Q ,MW

t t






 Heat losses calculations through the elements of building envelope:

hl env inf int emQ Q Q Q ,MW  

The main heat losses in the room through the envelope: 

   p p

env int h iQ A / R t t 1 n,MW     
A is the predicted area of the envelope, m2;

R is the resistance to the heat transfer of the 

envelope, (m2 ·°C)/W;

β is  the additional heat losses in fractions from the 

main for various types of rooms and envelopes;

n is the coefficient adopted for the envelopes

separating the heated room from unheated.
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Additional heat losses

• Additive on orientation according to cardinal point 

• Additive on cold outside air leakage through exterior doors. 

   p p

env int h iQ A / R t t 1 n,MW     



10

Heat loss for heating the infiltration air

 p p

inf vent out int hQ 0.28L c t t , 

0.28 is numeral coefficient adjusting the accepted dimensions of air flow rate, kg/hour, and heat 

flow, W (0.28=1005/3600).

The specific air flow rate for residual buildings according to norms:

Types of internal heat emission in the room

hl env inf int emQ Q Q Q ,MW  

hl env inf int emQ Q Q Q ,MW  

• Heat emissions from technological equipment;

• Lighting;

• Solar radiation;

• People.
for residual buildings
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Heat load on ventilation 

• Calculation method with using generalized 

characteristics:

Maximum heat flow for ventilation of public buildings:

p 6

v 2 1 hlQ K K q F10 ,MWf  p p p 6

v v ext int vQ q V t t 10 ,MW v

K2 is coefficient taking into account heat flow on ventilation of 

public buildings, for buildings up to 1985 - 0.4, after 1985 - 0.6;

Average heat flow for ventilation for the average during heating season outside temperature:

 
 

p av

int extp

v v p p

int v

t t
Q Q ,MW

t t





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Heat load on hot water supply (HWS)

Average heat flow for HWS of residential and public buildings:

  coldav 6

HWS

1.2m a b 55 t c
Q 10 ,MW

24 3.6


 




m is predicted numbers of hot water consumers;          

c is mass heat capacity of water, 4.187 kJ/(kg ·°C); 

a is a standard of water flow on hot water supply at 55°C per person  per day, L/day;

b is a standard of water flow on hot water supply in public buildings at 55°C, 25 L/day per person;

Maximum heat flow for HWS of residential and public buildings: max av 6

HWS HWSQ 2.4Q 10 ,MW
Average heat flow for HWS during non-heating (summer) season:

 

 
summerav av

HWS summer HWS

winter

55 t
Q Q ,MW

55 t





 heating (5°C) and non-heating (summer) period (15°C);

β is a coefficient that takes into account the change in average

water flow during non-heating season in relation to the heating season, for the housing and communal 

sector - 0.8, for enterprises - 1.0.

or
av av

HWS HWSQ q m,MW 

av

HWSq

account public buildings, taken depending on a;
is generalized parameter of the average hourly heat flow for HWS taking into
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2. Heat supply systems: classification

• Centralized heat supply systems from district boiler-house

1
2

3

1 – heat source (boiler-house: steam or hot water), 2 – heat networks (pipelines, shut-off and control valves, booster pump 

stations), 3 – heat consumers (industrial, housing and public utility)

The main feature is a separate production of thermal and electrical energy:

district boiler-house

condensing 

power plant (CPP)

2

heat

consumer 

electric

consumer el.network

Q

E

According to type of heat source:

η(CPP)≈35-43%
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• System of cogeneration (heat-and-power supply system)

CHPP

heat

consumer 

electric

consumer 

Q

E

Tomsk CHPP-3
• Decentralized heat supply systems 

LHS
heat

consumer 

Q

condensing PP

or CHPP

electric

consumer el. network

E

LHS (local heat source):

 individual boiler houses and apartment heating;

 quarterly boiler-houses;

 microdistrict boiler-houses;

 factory boiler rooms.

η(CHPP)≈80%



Principal schemes of separate heat and power generation and cogeneration 
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According to type of heat carrier:

• Water systems

• Steam systems

used mainly for the heat supply of seasonal consumers and hot water supply, and in some cases, 

for technological processes.

mainly distributed in industrial enterprises where high-temperature heat load is required.
The percentage of return of condensate ranges from 90 to 30%.

СHPP, 

boiler-house

P1

manufacturing

Condensate line

P2



According to the way of joining consumer in water heat supply systems:

• Dependent schemes

Without mixing With elevator

Gп is added flow rate;

Gc is flow rate after mixing;

Go is flow rate from flow line

to the elevator inlet.

K – confuser, 

Д – deffuser, 

КС – mixing 

chamber.

Scheme with mixing pump

t3>t1
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According to the way of joining consumer in water heat supply systems:

• Independent scheme

19

ПСО – heater of the heating system; ЦН – circulation 

pump; ППН – boost pump of the heating system; РТ –

temperature regulator of water in the system



20

According to the way of supplying water to hot water supply:

• Closed systems• Open systems

Water from heat networks is used as heating 

medium for heating in surface-type heaters water 

which then fed to a local hot water supply system.

Hot water comes directly from the heating 

networks to the water distribution devices of the 

local hot water supply system. 

The heat flow rate transmitted over the heat networks 

with open system:

   1 1 c 2 2 cQ G c t t G c t t ,MW   



Hot water supply
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Minimal and maximal temperature of HWS 

in different countries 

A typical preference in the 

temperature of the hot water 

consumers

Russia – t of water in HWS system is 55-60°C
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According to numbers of pipelines of the system:

• Multi tubes systems

1 – transit main pipeline; 2 – distribution networks; ПКТ, ПРК 

- peak boiler houses of CHPP and district (пиковые 

котельные ТЭЦ и района); ТП – cogenerative heater 

(теплофикационный подогреватель); ЦН – circulation 

pump (циркуляционный насос); ПН1, ПН2 – boost pump

(подпиточные насосы); A – accumulator. 

• Single tube (transit) systems

two-tubes

Heat 

source

flow line
heat

consumer 
return line

H+V+HWS

three-tubes four-tubes

Heat 

source

flow line 2 (tech. needs)

heat

consumer 
return line

flow line 1 (H+V+HWS)

Heat 

source

heat

consumer 

circulation water line

H+V

H+V

HWS
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3. Equipment of Heat Supply System

• Equipment of CHPP for cogeneration

Water systems Steam systems

 Steam-water heaters;

 Network pump;

 Units for make-up water (подпиточная вода) 

preparation: water treatment, deaerator, 

accumulators of hot water and boost pumps.

 Systems of reservoirs and pumps for collecting, 

controlling and pumping of condensate;

 Steam-convertion units for the production of 

secondary steam from chemically purified water 

used for heat supply;

 Compression units for increasing pressure of 

steam from extraction;

 desuperheating and pressure reducing system for 

cooling and reducing pressure of fresh steam 

sometimes used for heat supply systems.

 Two main types of cogeneration turbines (50-250 MW of power) on high and 

supercritical initial parameters (13 and 24 MPa pressure): condensing turbine with 

steam extraction (T and PT) and backpressure turbine.



Horizontal Steam-water heater
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• Equipment of heating points

Water heat carrier Steam heat carrier

 Water-jet elevator and radial-flow pump;

 Water-water heat exchangers;

 Accumulators of hot water;

 Devices for regulating and controlling 

parameters of network water;

 Devices for protection of local hot water 

supply units from corrosion and scale 

deposition.

 Steam collector;

 Devices for regulating and controlling steam 

parameters (pressure temperature, flow rate);

 Heat exchangers;

 Condensate-collecting reservoir;

 Pump units for pumping condensate.
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Water-water heat units
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Anticorrosion water treatment
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• Equipment of heating networks

Heat pipeline consists of:

1) Working pipe for 

transporting heat 

carrier;

2) insulation construction 

for protection of outer 

pipe surface from 

corrosion and heat 

losses;

3) Load-carrying 

construction perceiving 

the load of pipe with 

insulation.
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Trenched laying for underground pipelines Trenchless pipe laying 



Insulations

29



Compensators of temperature deformations

Expansion gland Corrugated expansion joint

30
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Compulsory reading:

1. Sokolov E.Ya. Power-and-heat generation and heating networks. – Moscow. MEI, 2009. – P. 472.

2. Lyalikov B.A.  Sources and systems of heat supply of industrial enterprises. – Tomsk, Publishing house of Tomsk polytechnic 

university, 2008, part 1. – P.155.

3. Lyalikov B.A.  Sources and systems of heat supply of industrial enterprises. – Tomsk, Publishing house of Tomsk polytechnic 

university, 2008, part 2. – P.171.

4. International District Heating Association. District heating handbook. – 4th edition. – 1983. – P.516.

5. Frangopoulos C. A. Cogeneration: Technologies, Optimisation and Implementation. – IET, 2017. – P. 360. 

6. Greene A. M. The elements of heating and ventilation; a Text-book for students, engineers and architects. – Hard Press

Publishing, 2012. – P. 349.

7. Heat supply, a handbook, ed. by V.E. Kozin. – Moscow, Integral, 2013. – P.408.

8. Bespalov V.E. Systems and sources of power supply. – Tomsk, Publishing house of Tomsk polytechnic university, 2011. 

Additional reading:

1. Rosen M. A., Koohi-Fayegh S. Cogeneration and District Energy Systems: Modelling, Analysis and Optimization. – IET, 2016. –

344.

2. Advanced District Heating and Cooling (DHC) Systems, ed. by Robin Wiltshire. – Woodhead Publishing, 2015. – P.364.

J. Marecki. Combined heat & power generating systems. – Peter Peregrinus Ltd., London, 1988. 
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Calculation of water flow rate for consumers


