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Calendar rating-plan of the course

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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I.I B?ML\\;EE;WC Content of Lecture No 1

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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Heat load
seasonal year-round
space heating, ventilation technological needs, hot water supply

Methods of heat load calculation:

» using generalized characteristics;
* heat losses calculations through the elements of building envelope.



Heat load on space heating

Thermal equilibrium of a building:

qum - Qenv + Qinf + Qintem’ W

where Q.. is total heat loss of the building;

Qv IS heat loss through the envelope;

Q;.f is heat loss by infiltration due to entering cold
raiteira air thrnninh tha laalanac in the envelope;

Qint em IS iNternal heat emission.

«  Calculation method with using generalized characteristics:
Maximum heat flow for heating residential and public buildings without infiltration:

Ef :thF(1+K1)10_6’MW Ev :ﬂqhvvext(t'p _tﬁ)10_6’MW

nt

dns» 9y are specific heat flow, W/m2, for heating 1m? of total area and specific heating characteristic, W/(m?3 -K),

K, is a coefficient taking into account the heat flow for heating of public buildings, in the absence of data,
is taken to be 0.25;

B is a correction coefficient taking into account the climatic conditions of the region;
ti . is a predicted temperature of the internal air in the heated buildings, °C;

tr is a predicted temperature of ambient air for heating, °C.



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

Q =Q° (tﬁn - tZZt) MW ot IS an average outside temperature for
h = Xh _( ’ the heating season, °C

e Heat losses calculations through the elements of building envelope:

Qp i1s total heat losses of the room;

Q o= Z QenV + Qinf — Qintem , MW Y. Qepy 1S the sum of the main heat losses through the envelope;

Q;nt 1s the additional heat loss for heating the infiltration air;
Qintem 1S infemal heat emission in the room.

MNoTepsd TENNa 8 QoMe

The main heat losses in the room through the envelope:
Q. =A/R-(th, =t7)-(1+ > 8)-n,MW

A is the predicted area of the envelope, m?;
R is the resistance to the heat transfer of the
envelope, (m2 -°C)/W;

Crevsi

B is the additional heat losses in fractions from the 4%
main for various types of rooms and envelopes; Oxa

n is the coefficient adopted for the envelopes 2 .

separating the heated room from unheated.




Additional heat losses i

Qen =A/R-(tfm—t§)-(1)-n,MW 3 0% P

« Additive on orientation according to cardinal point 59

5%

0%
03 HE

« Additive on cold outside air leakage through exterior doors.




Heat loss for heating the infiltration air Q= ZQenv Qimem,MW

Qinf = 0'28Lventpoutc(tipnt - tE )9

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

Lyent=3 M /hour for 1 m? of the area of residual buildings and kitchen;
Pout IS density of outside air, kg/ m3;

c is mass heat capacity of outside air, 1kJ/(kg -°C);

0.28 is numeral coefficient adjusting the accepted dimensions of air flow rate, kg/hour, and heat
flow, W (0.28=1005/3600).

Types of internal heat emission in the room

th = ZQenv + Qinf MW
» Heat emissions from technological equipment;

- Lighting; Qintem= 10 W per 1 m?
e Solar radiation;

- People. for residual buildings

10



Heat load on ventilation

+  Calculation method with using generalized
characteristics:
Maximum heat flow for ventilation of public buildings:

Sf - I<2I<1thF1 0_6 s MW st = quvVext (tﬁﬁ o ts )10_6 s MW

K, is coefficient taking into account heat flow on ventilation of
public buildings, for buildings up to 1985 - 0.4, after 1985 - 0.6;

qm is the specific heat losses;
qv is the specific ventilation characteristic, W/(m3K);

t) is predicted temperature of outside air for ventilation.
Average heat flow for ventilation for the average during heating season outside temperature:

toy is an average outside temperature for
the heating season, °C




M)

el Heat load on hot water supply (HWS)

Average heat flow for HWS of residential and public buildings:

——

QTD w 1.2m(a +b)(55—tcold)
Hws = 24.3.6

C av av
107, MW/| or | Quys = Qpws - M,MW

account public buildings, taken depending on a;

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

..M is predicted numbers of hot water consumers;
duws IS generalized parameter of the average hourly heat flow for HWS taking into

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

¢ is mass heat canacitv of water. 4. 187 kJ/(ka -°C):

t.o1q IS temperature of cold water during the heating season (in the absence of other data it is assumed

equalto 5 ° C)

Maximum heat flow for HWS of residential and public buildings:

max
HWS

=2.4Q%,10°, MW,

Average heat flow for HWS during non-heatina (siimmer) seacnn:

av _ Nav (55 —t

HWS summer ~ ~<XHWS ( 55_t

teummer: Lwinter @re temperatures of cold (tap) water during
summef)ﬁ,l\/[\)v heating (5°C) and non-heating (summer) period (15°C);
winter) B 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.
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TOMSK 2. Heat supply systems: classification

I.I BON%\Y,EE;*}'&C According to type of heat source:

* Centralized heat supply systems from district boiler-house

>

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-hous R heat ’

Q
2 consumer
E

i

condens electric

> PP)=35-439
power plant (C el.network \\ .consumer N(CPP)=35-43%




 System of cogeneration (heat-and-power supply system)

N(CHPP)=80%

 Decentralized heat supply systems

\ LHS (local heat source):
Q . heat % individual boiler houses and apartment heating;
consumer

Tomsk CHPP-3

LHS g % quarterly boiler-houses;
+* microdistrict boiler-houses;
% factory boiler rooms.

E /7 electric
el. network \\._.consumer

/N

condensing PP

O
=
@
I
U
\U




Principal schemes of separate heat and power generation and cogeneration

@ :
'@ C=L <_J¢> @ PO
: : ' sl ,;_jw '
I__—l @ L1

a O 6

Puc. 2.7. VipolneHHbIe IPHHIUITHAIBHEIE CXEMBI Pa3eIbHOI0 i KOMOHHHPOBAH-
HOIr'0 IIpoleccOB BBIPAOOTKH TeIUIa H 3JIeKTPOSHEePIHH: Pa3melbHBIH IpoIecc:
a — KOHJIeHCallHOHHAad 3eKkTpHueckas craHiud (K3C): 6 — pafioHHas kotensHad (PK):
e — KoMOHHHpOBaHHEI Tportecc (T3II); 1 — xoten; 2 — TypOuHa; 3 — reHepaTop; 4 — KOHEH-

caTop: — KOHISHCATHBIH Hacoc, 60 — pereHepaTHBHEIH IIOJ0rpeBaTelb, 7/ — IMHTATEIBHBIH Hacoc;
8 — moJorpeBarelb CeTeBOH BOIEL, 9 — CeTeBOH HacoC
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According to type of heat carrier:

« Water systems

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

« Steam systems

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

\ P+

n
\ ’

»

">

CHPP’ manufacturing
boiler-house < P2
Condensate line

17



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

* Dependent schemes

Without mixing With elevator o s Scheme with mixing pump
I:
G, is added flow rate; 120 t3>11 1o on 3
o[ o f G, is flow rate after mixing; G 5 Ge -
T[] 17 " G, is flow rate from flow line > i
< : — | to the elevator inlet. \ ° oI
L > I ) ( mn I < } &
01 v > v >
Ol t
K —confuser, =~ Commo @ 2 |
0 — deffuser, 1, [FT=£— 3
KC — mixing \ ] | ‘ —
chamber. — 1L KC(D) 30
Cs ?-’1_0
P W
w 1
» 280 18

L Puc. 8.15. Dacsarop Ne 3 ¢ peryawpyemuim shinos-
bam cenennes pabioders conin



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

* |Independent scheme

[MCO — heater of the heating system; L|H — circulation
pump; MNMNMH — boost pump of the heating system; PT —
temperature regulator of water in the system

o |
I3
ho
i
1 [1ICO |
1 PT{
T
]
= ]
A
TIIIH
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According to the way of supplying water to hot water supply:

* Open systems

Hot water comes directly from the heating

networks to the water distribution devices of the

local hot water supply system.

%rr

[T ) PT A

4]
h

-l
-«

t
Y 2
X OK

>

The heat flow rate transmitted over the heat networks
with open system:

Q=Gc(t, —t,)-G,e(t, —t,),MW

G, , G, are water flow rates in flow and
returmn pipelines, kg/s.

* Closed 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.

-

Puc. 2.19. CxeMbl mOJKITIOYeHHS CHCTEM OTOILIEHHS H rOpsdero BOJOCHAOKEeHHA
K TCIUIOBEIM CETAM: a — napa:mejr)Haﬂ CXeMa BEITIOYEHHS YCTEIHOBI{H l'Oij‘IeFO BOOO-
cHAOKeHHdT H OTOIMHTEILHOH YCTaHOBKI‘I 0 3aBHCHMOH cXeMe co C"[‘pyﬁHHM CMEMMeHHEM,
6 — CMelIaHHad L[ByXCTyHBH'E[ElTZUI CXeMa. ¢ — IIoCIeJOoBaTeIIbHAA Z[ByXCTyT[EH'E[aTM cxema
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Hot water supply

Temnepartypa sogpl, °C

A typical preference in the Minimal and maximal temperature of HWVS
temperature of the hot water in different countries
consumers
Gt 'I’m{[l‘cpa'[‘ypa ropstuei Bojibl _
MuHUMaTLHas, “C MakcumaibHast, "C
AscTpust - 50
Jlanms 50 65
Yain u kode Dunasnans 50 60
(npumepHo) Mparus 50 60
TepManust 50 55..60
Benrpus 40 65
P Wranus 48 53
Hosma -1;"3-(;10 1-.'3.()tlci.()2) :‘1."': (1o 1 :).(}fi.():!)
55 (¢ 15.06.02) 60 (¢ 15.06.02)
. A " Crnogenus - 60
$ I 'I' .Y I senns 50 65
l
Russia — t of water in HWS system is 55-60°C
— S — —
Aetn Bapocnnie MNpuuaATMEe Mbmbe
Aywa nocygsl
MpuHATHE BaHHOA




» Single tube (transit) systems

mr [ |

T11
IIH1

According to numbers of pipelines of the system:

1 — transit main pipeline; 2 — distribution networks; MNKT, NMPK
- peak boiler houses of CHPP and district (nukosble

* Multi tubes systems

two-tubes
H+V+HWS
\ flow line
Heat > heat
) consumer,
source return line

three-tubes
flow line 1 (H+V+HWS)

Now line 2 (tech. need

Heat
source

return line

koTenbHble TOU u panoHa); Tl — cogenerative heater
> (TennodukaumoHHbIn nogorpesatens); LIH — circulation
pump (LMPKYNSUMOHHbIN Hacoc); NMH1, NMH2 — boost pump
(mnoanuToudHbIEe Hacockl); A — accumulator.

Heat

four-tubes
H+V
) H+V
N HWS heat
p\consumer,;

source
circulation water line

22
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» Equipment of CHPP for cogeneration

4 »

Water systems Steam systems

» 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.

Steam-water heaters;

Network pump;

Units for make-up water (nognutovHas Boga)
preparation: water treatment, deaerator,
accumulators of hot water and boost pumps.

» 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.

23



Horizontal Steam-water heater

1 13

12 2

0 T

il

—— g TS

——

—
k-1
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~12500

10

650 | _HT

200

1060

245
9 3300

!__ 1050

Pue. 7.1, TopuionTanenwiii Tendodurausonsii
nogorpesareas MCC-5000-3,5-8-1

{ — xoprye nogorpesarens; 2 — TpyGuse aockn, 3 —
BXOAHAR BOARHAA Kamepa, § - MNOBOPOTHAR BOORHAR
kamepa; § —— KpbiliKa BXOJHOH BOAAHONH kamephbi, 6 —
KPLILIKA NMOBOPOTHOMH BOZAHON kamepwl; 7 — noasoa
napa; § — noasoa cetesoil soae, ¥ — koHaeucatocbop-
Huk; 0 — wenesoll natpyGok; {f — nuHloBwi KOMDEH-
carop, {2 — conemoil oTeex; /3 — oreoa
NIAPOBOLTY IWHON cMECH; [4 — aHKepHaR CBAIL
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« Equipment of heating points

4 »

Water 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.

YV VYV V

Steam heat carrier

Steam collector;

Devices for regulating and controlling steam
parameters (pressure temperature, flow rate);
Heat exchangers;

Condensate-collecting reservoir;

Pump units for pumping condensate.

24



Water-water heat units

JInuaoset it
KOMIIeHCATOD

NepPBHYHOH BORE
a)

Bxon
1epBHYHOH Bolbl
iy

Mirod yoHhHdoi® MYo8 yoshudois
Yoxrig Yoxg

e

S5 ” -4 .

2)

Pue, 8.6, Cxema sopo-goasubix Tenjdoobmenndkos
g — CEKUHOHNBIA, § — NIacTHH4ATHIH; 8 — TOHKOCTEHHbIC TO(PHPOBaHNBIE NABCTHHBI, & — CXEMA JBHAKEHHA TEILIO-
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Anticorrosion water treatment

B cucTemy ropsauero
poaocHabxeaus

——G—
Cetepasn sosa | CeTenasn

1311 | BOJIA
e e

|
i
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BojgonposogHasn t - }
soza J 7
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Puc. 8.23. lNpununnuaisHan cXxemMa BaKyym-aeadpauHonuoil yCTAHOBRH ANR CHCTeM BodocHabwennn

{ — wacoc Topavero poaocHaGenns; 2 — wacoc paboueil Boaw wekTOpa, 3 ~— BOAOCTPYHHBIA 3KCKTOP, 4 — oXia-
AMTENL BHiNApa; 5 — AcalpaluoHiiag Kookka, 6 — acaspaunonnstil Bak; 7 — B0S0-BOASION noforpesares, § — Gak

FKEKTOPHOH YCTanoBKH .




« Equipment of heating networks

HK
HO K IHO 90" HO HK™ K~ HK"™ K~ HK™| K
=
a)
7,
2
'--.____‘- 14 ¢ 8
— E— .
7’
i |
M /* } : mn
3 3 44 + 5
6)

Puc. 9.1. Maas Tpaces! (a) v npoduae rengonposoas (6) B HENPOXOTHOM KAHAIE
K — kamepa, IK — Huira komnchcatopa, HO — neiioaBmkHan onopa, / — 4CPHLIC OTMOTKH 3€MaH, 2 — RHNaHHpO-
BOYMBIE OTMETKH 3eMiH, 3 — BONOCTOK, 4 ~— Kaua.vzaund. 5 — Boaonposon, 6 — Jnexrpokabens
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Heat pipeline consists of:

1)

2)

Working pipe for
transporting heat
carrier;

insulation construction
for protection of outer
pipe surface from
corrosion and heat
losses;

Load-carrying
construction perceiving
the load of pipe with
insulation.



Trenched laying for underground pipelines
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gt 5] lzo0| 3 Banusaetca € BOYIYW HBIM JATOPOM
- Beronom [ = 1pyGonposo, 2 — aHTHKOPPO3HOIIHOE MOKPhITHE,

3 = Tennon3oAItHOHNbIH cnoi 4 — 3aILMTIIOC MEXailk-

Puc. 9.4. Chopubrii morynpoxoxwoil Kana.n w3 were-
HECKOE MDKPHITHE

3006eToHnbIX Giokon

I ~— pe6phcTolit 610K NEpekpsITiA, 2 — CTCHOBOGH OnoK, 21,5°C
3 — Gaok anmma, 4 — GeroHnan noaroToska § — 28,6 . — ——-0 |25,6
wefeHYATaA NOAMOTOBKA, § — OHOPHHIE MINTH! {- 2f5,()1

Trenchless pipe laying
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IEFTRIFIETTL. VT o) el
i ¢ g8l 271 | &2+
6 — o ’ t
M
150 200

Puc. 9.7. O6uwit 8un asyxTpybnoro Geckauaabuoro
TEn10Nposola B MOHOAMTHRIX 060 T09KAY

! — nojaw#t Tenaonpogon, 2 — obpatHeil Tenno-
npoBoa, 3 — rpaauiinetil duabTp, 4 — necuaHwii
uabTp, 5 — apcHakHas TpyBa, 6 — GeToHHOE oCcHOBa-
nue {npu chabeix rpywTax)
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Puc. 9.8. Kowerpykuus monoantuolt apmonenoberon-
Holt wicanumonnolt obonoyry
I — 1pyba, 2 — aeroxiaeneiil neioberon, 3 — apMa-
TyYpa, 4 — rHAPO3AWMTHOC TPEXCJIORHOE NMOKPLITHE W3
OuTYMHO-PE3HHOBOR MaCTHRM, 5 — CTANbHAA TKAHAA CeT-
Ka, § — cnoht acboueMeHTHOR WITYKATYPKH, 7 — AETAllb
CnHpanH

Insulations

Puc. 9.9, MosoauTuan SUTymMonepauTHan uionALUMA

{ — Tpyboupoeoa, 2 — GuTyMOnNEpaHT U0 aHTHKOppO-
IMounoMy NoKpeiTo, 3 — Opuloa B 183 croa
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Compensators of temperature deformations

Expansion gland

Puc. 9.32. Oanocroponnnil canbHHKOBEIE KOMDER-
carop
! — crakan, 2 — kopniye, 3 — nafiuska, 4 — ynopHoe
kO:bll0, § — rpyHabykca

Corrugated expansion joint

Y

Puc. 9.34. Tpexnoanoroii cuabdonubiii Komuencatop
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Calculation of water flow rate for consumers




