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PRIME (OSTE U HEEAT TRANSHMISS LON TN PO SYSIEMS
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(Lo Printed sp the oxder of considersavion = Baitor)

Candidabe of Technilcal seiences Ne K, Qrols

i .
‘ Boonomies 1n disbrict heabing ere charautermed by a primefy
raduction in the expenditure of fuel by 50 percent or moras below

that consumed when heat 8 «,';enex'a'bed in local bollers cnd electric

: power &b condensing sbationss

Keonomies in fuel are offsel by expenses in ‘the transmission

of heat, ise» expenditures somnecbed with ghe operation of the
heabing sysbtems These cxpendibures al the presenb time are cOn-
siderably high, and it is, therefore, of interest VO 1ook for ways
of reducing 'bhem. (Based on the anslysis of the given accounts of

six wholesale hesl Y8 s Cor 19L9)e

he cost of heal transmission nsually consists of: amorti-

mation of the primary equipnent, service and running repairs of
the systems =nd ghbructures, heat losses; cost of punping the heal :

carrier, and leskage of the hest carriels

4 synthebic index of the cost of heab yransmission appears o
thousand large

o be, in the finzl analysis, the expenditure per 1

of the delivered heat, ieee the sum tobal of expenditures

calories

of heat fransmission relsbed to the useful oubpub of heab availa- l‘

ble to the wbilizing appliences. However, for the analysis of the *{
d for comparison of their magnitude )1

jndividual component losses al
suitable to apply also other

at various heat conbents, it is quite

indexes, more characteristic of the heab generation technology «

o
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Tf we take the cost of heal tpansnisalon Ln Mescow as 100,
k this index for other clbles is: Leningrad - 1953 Kharkov - 753

Laroslav - 100; Kiev - L50; and doyosibirsk = 75

Analysis of these figures leads to the conclusion thabt the
heat density of the heating systems is a basic factor, d.e. the
annual output, related to the length of the system. The higher
the hest density, the lowen the cost of heat transmission. As a
rule, at the present pime the heat density of steam systems, serv-
ing an all-year-around industrial load, 18 considerably higher than
; in water systems. The velues of the proportion of the heat outpub
carvied by steam contirm this conclusion: Moscow = Gl percent,

Leningrad - L2 percent, Kharkov 86 percent, Yaroslav - 79 percent,

Kiev - 0, Novosibirsk ~ O.

For deeper analysis it is essential to examine carefully

the separate items of cosbe
AMORTIZATION OF THE PRIME SOURCES

In the overall outlay of the heating systems the proportion
of the expenses for emorvization is composed of: Moscow - 10 per-

; cent; Kharkov - 6 percent; Yaroslav - )y percent; Kiev - 3 percent;

Novosibirsk - 5 percent. The apparent difference can be attributed
i Lo two basic causes.
The first cause is connected with the difference in cost of
i
i the heat conductors and other structures (balanced costs) depending

',i on the year of installations

The other csuse - = the fact that the heating systems belong
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1o aifferent organizatﬂ.ons. Maoy heat conduebing nains ave con=
gtructed By the conswner nimself (most often industrial ugers) s
and the cost of these gy stems 1g charged Lo the CONSWNET, therewvy

yreducing the amount chargeable o zamortiza'bion.

[t ig necessaly 4o charge Lo the power syshens 211 the main
and gi.stribubing systens constructed Py the consumers; if these
systens serve groups of consumers belonging o different jurisdic-
Lionge This insures bhe necessary gervice and repail. Healb con-
duetors going o individusd. consuners; pegardless of their dis-
Lances, may remain vo the account and use of fhe consumer bub

under conshanbt control of the personnel of the power syshemse

AL the present time the annual amortization figures are in

the order of 3¢5 percent pgbher than the previous 7 percente

The lowering of the pe‘rcen‘nage wes based on Lests on bhe
performance of the heating-sysben hesders in power systense For
this pex'cen'bage to be sufficient it is necessary Lo take a series
of measures for exbending the useful 1ife of the hegting sysbtens

and for reducing the cost of repair ©o capibal structores.

Current vests show thab the most repidly deteriorating ele~
ment of the heabing gystems is the thermal jnsulatione Installed
during the first years of the sysbem' s construction (192 - 1937) 5
the j.nsulatioma_’b _‘hhe present time, as & rule, needs complete re-~
placement. To perform tnis greab task without opening the condulls,
it is necessary for the All-Union Ti’lermo‘&echn_icvInstitu’De o speed-
up btests on blowlng thermal insulabion into the conduits by mea:,ns

of ejectors.
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Starbing with 1937 - 1938, a covering of asbestos cement re-

%
i
i
4
;

by a netallic gauzeé has been guccessfwlly applied in under-

1f correctly installeds thds covering

inforced

ground he at, conduchorss

placed above the heab insulation serves &8 & dependable wrapping, |
pro‘oec'bi.ng the thernal ingulation apainst peeling and de'berimra’nion.

‘ The mosb durable consbruction 1 a solld casing of heat con= ‘

duebors, which serves both as a thermal jnsulabion and as & suppoer =
sing is made of reinforced

ing structure. In par’oicular such cat

autoclaved foamed concrete Or foamed glasse

§ Hest conductors areé subject 10 consi.derable external corrosiony

more 50 than other underground pipe conduits, because of tempera~

ture condibionss

If ground conditions are pad end there ig ground waber OT

frequently on the surface, the process of external corrosion may

proceed st bhe rate of one millimeter of ‘tube thickness per yeare

Therefore, if hest conductors are installed under such condibions =

without cb annels or in par‘bially pr‘o‘bected conduits - = steps musb

i
he taken to protect against exbernal corrosion. Such steps include:

with Borulin or constructing 2 solid casing made

|
4 covering bhe pipes
1

of foam~glassSe (Reinforced foam concrebe construchbion, as & rule,

cannot protect against penetrabion of moisture o the pipe). Cover-

ement under bad ground

ing merely with varnishes or with liquid ¢
-7 conditions ceuses premature wear of the pipe and should not be per—

mibtede L
|

Long~lasting construction in heating sysbems considerably

lowers the expenditures for the repalr of capital equipment and
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lowers tha expenditures for the repalr of caplbal equipment and §

offers the possibillty of further reducing the percentage of amor-

tization deductionse
SERVICE AND MAINTENANCE REPATIRS . ;

The three links of the power systenm (central station - -
heating system - = heal receiver of the consumer) are each served
independently by its own persormel. Leading should be the person=
nel of the heating system, which programs the work duties of the
district-heating equipment in the central station, and controls
the correct functioning of the heat-using installabtions of the con-

Sumers.

It is very importent to delimit xzcbly the rights and ob-
ligations of the persommel. While the division of functions be-
tween the personnel of the central stetion and that of the heabing

gystem is defined in the Regulations of Technological Operatiomn,

the division of functions between the persomnel of the heating sysben

and of the users requires further definition.

Wibth the widening use of district heating in cibtles it is al-

so essential to form a new organization for serving the subscriber

installsbtions. It is necessary to organize groups of stations for

around~the-clock servicing of elevabor centers and of heating,

i

venbilation, and hot-water supply systems.

In this case it will be the duty of the persomnel of the

heating system to operate (service and maintain in repair) the
meins and the feeder heat lines, and to allocate heat-carrying

equipment to the installations of the consumer. Control of the

Declassified in Part - Sanitized Copy Approved for Release 2012/05/04 : CIA-RDP82-00639|%000200110004-4




Declassified in Part - Sanitized Copy Approved for Release 2012/05/04 : CIA-RDP82-00039R000200110004-4

heat consumption of the user, and the accounting is carried out
elther by the personnel of the heating system, or by the person-

nel of the central stabion.

The size of the heating system service persommel ls most
expediently related to the length of the opéréting main and feed-
cr system, aithough undoubtedly some significance can also be
attached to the number ofrindividu@l points at the consumers.
Subscriber heating systems should not be included in this. In all,
power systems with heating systeﬁs of considerable length (Moscow,
Leningrad, Yaroslav and others) have fairly good indexes around
1.5 =~ 2,0 men per kilometer of route. Further reduction in the
size of service personnel is possible by improving above all the
quality of the equipment (use of gaskevless compensators, flange-
less valves and faucets) as well as mechanization of the service

(transportation along the route, water pumping, ventilation etc).

A, . 3 0 :

Ihe cost of servicing one kilometer of heating system under
present conditions is esbimated to be, on the average (including
‘the maintensnce repsirs) in the order of 15 - 20 thousend rubles

per year. Heabing systems of small lenglh are somewhalt less

efficient.

The service cost usually constitutes the main part of all
the expenditures in monaging the heating systems. It is, there-
fore essential to pay serious attention to the sound organizabion
of the persomel work and to exercilse control for the efficient use
of the working time. The most expedient routes of inspection, and
the technique of all operations in inspecting and servicing the

equipment should be worked out in advance., Teaching and instructing
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pechnical workers in charge of constent inspection of the he

the swbscriber personmal_, and contrel o ascert
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ain thelr compllance

stallation rules are in the field of the engineering-

ating

gyshense

HEAT 1OSSES

A the present time hest losses are given only as percentages

of the heat oubpub. sueh an index ingufficiently takes into account
the results of the work of the personnel and the pechnical stabe of

the sysbemss In the same subject, leb us compare the indexes of

the individual heabing systems.

Kiev 15.5 percent
Leningrad 649 percent
Yaroslavl! lio)y percent
Moscow l1+8 percent
Knarkowv 2.6 percenb

Is it possible to says on the basis of these :'.ndexes, that
the condition of the neating system of Kharkov 1s considerably
betber (as to heab insulabion and presence of lesks) than in Kiev?
Does it mean that the persomel of the Kharkov heating system 18
better than thab of the other systems? One cannot draw such a con-
clusion. In a great measure it depencis on ‘the fact that the pre-
dominant parb of the heat oubput in Kharkov, unlike in Kiev, is
fransmitted as sbean in sbeam pipes ‘bo.thé‘éﬁﬁ'scribers.

-

To debermine the operabing condition of the thermal insplation

-

and to evaluabe the work of the personnel, for the purpose of re~-

ducing ‘the heat losses, it is necessary o work oub differential
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norms of the heat losses, depending on the characteristics of the
gystem and on the tomperature at which it operates. In this case
an overall norm of heat losses, subdivided according to the indi-
vidual technical indexes, can effectively serve as 2 standard of

the bechnical condition of the heating systan and of the perform-

ance of the persommels

At the present time il is possible only to say that at
normal loading of municipal hot-waber systems (10 - 15 thousand
million calories per kilometer of heating system) it is possible
4o attain low losses in the order of 5 - 6 percent. For a branched
steam system with several industrial customers the percentage is
approximabely the same. For the Moscow districts the losses in
stean pipes fluctuate between the limits of 2 and 9 percent (the

average being 3 percente

To reduce the heat losses in the systems 1t is essenbial
before anybhing else to discoﬁtinue the use of low-quality thermal
insulation (various kinds of fill and asbestos pubty and infusorial
earth, brick of diatomaceous earth with density 700 kilograms per
cubic meter, etc). Hung construction of thermal iﬁsulation is per-
missible only in connection with reliable and durgble wrappings.
Finally it is essential to replaceﬁn short time the deteriorated
heat insulation of existing systems, particularly those of steam

pipes.

Nothing is more harmful to the durability of present day
construction of thermal insulation then intermittent operation of
the heat appliances, During the time when these appliances are

shut off the insulation absorbs much moisture and the wrappings

o
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corrodes As a regult they become weakened and the entire instal~ i
lation is demaged. T s necessary, therefore, Lo aim ab yesr-

around wbilization of the systemss . .

Thermal. power can be measured «t the central sbation and at
the wholesale uscrs with the aid of commercially produced register-
ing flowmebers, thermoncters, end nanometers, Lt is necessary to
aim at their correct installation and operation, in particular in

order to eliminate gravity unbzlances of the heat conductors.

The situation is much worse in the case of smaller users,
whose number is many bimes greater than thet of the wholesale users.
for them, the use of the above-mentioned complex and expensive
registering apparatus 1s prohibibive. This rsises the problem of
making commercially available simple heat mebers for hot waters
Such heat meter, modeled ofter the ordinary velocity~type waber=
meter, developed by Dr. Technician of Sciences Yekimovym, has
undergone lengthy vests; it needs some factory neinishing touches"

and organization of continuous productione

it the present time heat losses, as & fundamental ftechno-

(% economical index of the performance of hesting sysbtems, are not
! reflected in the calculations of the cost of heal trgnsmission;

this reduces the effective importance of the coleulated resulte
PUMPING ‘THE HEAT CARRIER ‘

Tn the majority of actual heabing sysbems the electrical
power consumed for pumping the district-heating wabter fluctuates
within relatively narrow limits - - 16 to 18 kilowatt~hour per

delivered megacalorie., With increasing thermal loading of the

* Declassified i imed O ovex S ‘ L
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central sbtatlon, this experditure 1s growing, reesching 10 percent

and more of all the electrle power used by the gtatlon for lts own

Tundamental factors affecting this index are, as ly known,
the temperature chart of the operation of the system, the pressure

of the system's pumps, and the method accepted for regulatlons

At high coefficients of ubilization ol the steam bled from
the turbine (higher than 1.5 - Le6) it is cxpedient to havd 2
temperature change from 150 to 70 degrees Cenbigrade so tpat with
all other conditions equal, one oblains an economy of electric
power for pumping in the order of 25 percent as compared #ith a

temperature change from 130 to 70 degrees Cenbigrade.

It is important to employ widely this Lemperature differen-
tial, considering that this measure simultaneously raises the out~
put capacity of existing sysbems and permits, inthe case of new

additions, to use pipes of smaller diameter. ;

The pressure head of the system's pumps ab the ceybral sbation,
and more so the pressure losses in the system, are a5 a yule selec~
ted without a techno-economical basis, at the verykime wpen in our

establishment exists a strictly scientific methed for sugh calcula-

tions, developed by Prof. B. L., Shifrinsonom. s a result of this,
the pressure losses in main and féeder sectiens of the systems reach
10 ~ 15 millimeters of water, and sometimes more, which is by 2 -
2.5 times more than economical. Hence - - excessive use Of electric
energy for pumping and frequently an unsatisfactory hydraulic sys-

tem in the heating system.

=10 -
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Extensive use of large scale regulation, is nevertheless

hindered by extremely bad conditions inv egulating internal heat-
ing systems and by the grest sengibivity of the present-day twow
pipe sysber bo Low consumption of district~hesbing water, The

‘ ! higher the building, the more difficult it is to obbailn in it an
even air temperature. The unevemness in temperature U.navoj:i:dably

leads to cxcessive use of heat since iU 1ls necessal

vy to adjust the

@

gystem to the coldest sulbes

Considersble economy in clectric power can also be obbained
with subomatic regulstion of subscriber lead-ins. such action is

currenbly baken on a large scale in the Moscow heating systeme

Tn analyzing general. expenditures for pumping district-
heating watcr it is elso necessary to consider the pumping substa-
{ions in the systems and at the consumers. When czleulabing ‘this
cost & perticularly conspicuous role is played by the eglevgtor scheme
of joining, which has received a wide appliceticn in the soviet
i district-heating practice. It is necessary to aim at eliminating
all pressure-mixing installations at the consumers and ab the

transition of heating systenm to elevations.

Condensate pumped at the central station is usually delivere :

i to consumers, and it also should be considered in an accurate

breskdown of the transmission costs. From the usueslly increased

power of the motors under average conditions, it amounts to about

. e -

1 kilowabt~hour per cubic meter of recovered condensaté st~ The

central sbation.

Losses in pumping, as in heat losses, are not reflected in
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the calculation of expenditurcs of heal systemse
TRAKAGYE TN THE HEAL COMDUCTQRS

Th i most difticult to debect, andy therefore, difficult
to eliminate leakages in the heat conductors in distributing waber
systems snd in condensate pipes. In some cases where the operabion
is badly orgenized these leaks ramnge bebween 5 to 10 percent of the
maximm quantity of hesting water delivered by the central station.
such magnitude of leckage can cause serious difficulties in the

heat-supply equipment of the consumers

According to operating circuler Mo -1 of the technical
section of MES of ¥ebruary 19L9, the magnitude of leskage per cubic
metor of system cepacity must not exceed under normal conditiong
1.5 liter per hour during the hesting period of operation of the

systen, and 3.5 liter per hour in the sumers

Experience shows thal with good performence of the operating
persomnel this megnitude can be reduced to 2-3.0 liter per cubic
meter-hour. Bub even under these conditions the losses in prepar-=

| ing heating water, for example in the Moscow heating systems, amount

to about one million rubles per year. This forces paying very ser-

} ious sttention to the maximum efficiency of the systems.

The summer interruption in the operation of the hesbing sys-

tems should be used for thorough inspection and removal of defects.
- - ~The results of this pregaratién should be checked by Testing each
subscriber system for hydrsulic pressure (usually st 6 atmospheres).

Distributing systems in yards between individual buildings should

be subjected to separate tests at higher pressures.

- 12 -
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In the swaner time it is essenticl also to check the tdght-
ness of the main and distribubing heating systems. It is custon-

arily accepted Lo test them ss & wnilb with the stetion pumps. How-

gver, such method does not permit full separations of the radial

: gystems into sectlons. It ls necessal’y to test the systems section
by sectlon, separabing the sections with plugs. Pressure in lines
is conveniently applied with centrifugal or reciproceting punps

driven by a gasoline engine.

Special attention must be given to the summer inspection of
the system if household or industriel water is drawn directly fron
the systen. The reason is that, in contrast with o closed systenm,
it is impossible in the cave of direct use of water to determine
the smount of leeskage at each instant by reading the flowmeter at
the central-sbation feeder. It is,therefore, quite difficult to
detect leaks in the winter in the case of direct tapping of waber

from the systemse

In the analysis of the expenditures due to leakage it is dm-
possible to avoid the question about the cost of preparing feed

water for heating systems.
= v

Tn the sbsence of direct tapping of weber, the preparation
of the feedwater is usually done Dy chemiczl treatment at the elec~

tric station. In small systems with feedwater consumption of 5 =

10 ton per hour this does not cause particulsr difficultby. How~-

ever, the maximum output from the central station often exceeds 100

million great calories per hour. In such czses ‘the best solubtion

. - = -~ -

may be the use of Orgres film deaerators. It is the task of our
educational institutions and installing organization to develop furth-
er this method to be applied to the waters in the vearious regions of

the USSR,

-13 -
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