
I
I
I
I
I
I
I
I
I

Order #30
Industnal Energy Efficiency - Ukrame
November, 1997

REPORT

ON ENERGY AUDIT

AT PROGRES IRPIN COMBINED FACILITY

Irpin Town, UKRAINE

I
I
I
I
I
I
I
I
I
I
I
I

Prepared by

Prepared for

Mr Charles Fafard
Mr Valery Demeko
Mr Alexandr Sl1akm

Umted States Agency for InternatIOnal Development
Washmgton, DC 20523-1415

Bums and Roe Enterpnses, Inc
1400 K Street NW SUite 1050 Washmgton DC 20005

Telephone 202 408 6831 FacsImile 202 408 6835

I



6 1 MEASURES AIMED AT DECREASING CONSUMPTION OF FUEL AND ENERGY RESOURCES IN 1997 THAT WERE IMPLEMENTED

AT THE ENTERPRISE 23
6 2 A PLAN OF MEASURES DEVELOPED AT THE PLANT AND AIMED AT SAVING ENERGY RESOURCES 23

70 ENERGY AUDIT 24

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLE OF CONTENTS

1 0 EXECUTIVE SUMMARY

1 1 INTRODUCTION

1 2 PRINCIPAL FINDINGS

1 3 RECOMMENDATIONS

20 GENERAL BACKGROUND

2 1 HISTORY OF PLANT

2 2 TYPES OF PRODUCTS

2 3 NUMBER OF EMPLOYEES

2 5 SIGNIFICANCE OF THE SECTOR TO ECONOMY

30 CURRENT STATUS OF PRODUCTION

3 1 TOTAL CAPACITY OF PLANT

3 2 REAL PRODUCTION CAPACITY OF PLANT

3 3 CURRENT TREND

3 4 EXPORT VS DOMESTIC PRODUCTION

3 5 BASIC ENERGY CONSUMING AREAS AND EOUIPMENT

3 6 BRIEF CHARACTERISTIC OF GAS CONSUMING EOUIPMENT

361 Kzlns
3 6 2 Basalt meltmg furnaces
3 6 3 BOller-house

40 FINANCIAL STATUS OF PLANT

4 1 CURRENCY VS BARTER

4 2 VIABILITY OF PLANT

50 ANNUAL ENERGY CONSUMPTION AND COSTS

5 1 ANNUAL CONSUMPTION OF NATURAL GAS AND ELECTRIC POWER IN 1995, 1996 AND 1997
5 2 CURRENT TARIFFS ON ELECTRIC POWER AND FUEL IN 1997
53 STRUCTURE OF THE TOTAL ELECTRIC POWER CONSUMPTION AND ITS COST IN 1997 00 MONTHS)

5 4 METERING CONSUMPTION OF NATURAL GAS AND ELECTRIC POWER

60 PREVIOUS ENERGY IMPROVEMENTS

7 1 SPECIFIC ENERGY CONSUMPTION IN 1997
7 2 ENERGY CONSERVATION MEASURES WITH SHORT-TERM PAYBACK PERIODS

80 EFFECT OF IMPLEMENTING THE RECOMMENDATIONS ON ENVIRONMENT

APPENDIX A ENERGY CONSERVATION OPPORTUNITIES

APPENDIX B SPECIFICATIONS FOR THE REQUIRED EQUIPMENT

APPENDIX C COLLECTED AND MEASURES DATA

APPENDIX D PHOTOGRAPHS OF THE PLANT

APPENDIX E DATA FROM THE MANUFACTURERS

APPENDIX F ABBREVIATIONS AND MEASUREMENT UNITS

2

3

3
3
4

6

6
7
7
8
8

9

9
9

11
12
12
14
14
16
16

18

18
18

19

19
21
21
21

23

24
26

31



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1 EXECUTIVE SUMMARY

1 1 Introduction

ThIS energy audIt was performed m accordance wIth the program financed by the UnIted States Agency
for InternatIOnal Development (USAID) accordmg to DelIvery Order #30 The gIven project provIdes
makmg energy audIts at 24 mdustnal UkraInIan facIlItIes The aIm of the project Id settmg-up
mdependent UkraInIan energy servIcmg companIes (ESCOs) To Implement the SaId task the company
Blrns and Roe Enterprzses, Inc (General Contractor) mVIted UkraIman engmeers These specIalIsts were
taught to the methods of makmg energy audIts m the USA and to the pnncipies of orgamzmg operatIOn
of ESCOs MakIng energy audIts at mdustnal facIlItIes contnbuted to practIcal preparatIOn of ESCOs

Energy audIt makmg mcluded visItmg for a week an enterpnse by a group of engmeers that usually
consIsted of two or three people So, one week was not enough for makmg a complete energy audIt at the
plant, as mamly large plants were chosen for makmg energy audIts In many cases there occurred a
neceSSIty to focus the energy audIt works on one processmg lIne or on one plant department Hence, the
gIVen audIt IS based on what we really managed to do for a week Though the audIt already mcludes a
whole set of recommendatIOns for the plant management, It IS expedIent to make a complete mtegral
energy audIt of the plant It IS deSIrable that the plant management should mVIte speCIalIsts prepared
withm the framework of thIS project to contmue the work, WhICh must bnng to Improvement of the
whole SItuatIOn WIth energy consumptIOn at the plant and to makIng the full lIst of the measures to be
used to Improve the energy consumptIOn at the plant

1 2 PrInCipal FmdlDi:s

Dunng November 17 to 21, 1997 a group of energy audItors performed an energy audIt at the Open
Jomt-Stock company "Irpzn Combzned Facllzty PROGRES"

The basIc products ofOJSC "Progres" are bncks ofM75 and M100 types, basalt belts and, on the basIs
ofthe latter ones, thermal msulatmg cardboard, mats, plates

The plant has ItS own mam and anCIllary productIOn umts provIdmg a completed productIon cycle, but It
has no Its own sources ofthermal energy supply

WhIle makmg the audIt, there were found a lot of attractIve opportumtIes for Improvmg the energy
effiCIency of the enterpnse, both by Improvmg the energy efficIency of the productIOn, and at the cost of
short-term measures (up to 1 year) that do not reqUIre large mvestments, and by Implementmg the
mIddle-term measures (up to 2 years) that reqUIre capItal mvestments

ImplementatIOn of the proposed measures wIthout takmg mto account mteractIOn of the projects WIll
make It pOSSIble receIVmg the followmg savmgs

• savmg of electnc power - 494,500 kW h,
• savmg ofnatural gas - 947,000 m3

The costs on energy resources IS USD 98,334 per year, provIdmg that the costs of commissIOmng and
ImplementatIOn of the proposed measures are USD 78,963

At the same tIme the amount of emISSIons of harmful substances mto the atmosphere (CO, S02' NOx and
ash) decreases by 189 tonnes per year

3



After choosmg by the plant pnonties concernmg ImplementatIOn of energy conservation opportumtIes
(ECOs), when mallmg financial estimatIOns of the measures to be Implemented, mteractIon of the
projects should be taken mto account

The plant has got reserves for further energy savmg, theIr Implementation WIll reqUIre a more detailed
energy audIt

1 3 RecommendatIOns

The below table shows a lIst of energy conservatIOn opportunIties (ECOs) IdentIfied for the enterpnse
The table shows the estimated energy savmgs, the expected decrease m the costs and the sImple paybacks
for the proposed energy conservatIon opportumtIes

To encourage the faclhty to Implement energy efficIency and energy conservatIOn, USAID IS
contnbutmg energy audItmg eqUIpment to the plant ThIs eqmpment consIsts of standard energy audltmg
mstrumentatIon and meters that WIll enable them to Implement an energy savmg actIvIty ThIs Item IS
shown m the table as ECO #1 ThIs recommendation IS for the plant to Implement an energy
management sectIOn that would be responsIble for recommendmg changes or Improvements many
system that would result m energy savmgs

TypIcally, an energy management team or sectIOn would conSIst of the mInImum of three persons, an
engmeenng supervIsor, an electnc engmeer and a thermal engmeer The supervIsor would be a part of the
upper plant management, and should report dIrectly to the plant management ThIs IS so that energy
usage and energy are elevated m Importance, and that the plant manager IS aware of potential changes to
save energy

The mam dIrectIOns concernmg the energy conservatIOn at the plant that are recommended after gammg
the energy audIt data as follows
• Improvement of the combustIOn ofnatural gas (ECOs #2, 4, 7 and 9),
• Improvement of the effiCIency of utIlIsatIOn of thermal energy (ECGs #5,6 and 10),
• decreasmg electnc power consumptIOn (ECOs #8 and 11),
• repamng the compressed gas leaks (ECO #3),

The measures WIth short payback penods (ECOs #1 to 9) are recommended for theIr
ImplementatIOn 1:Q. the first order The Issue of ImplementatIOn of the other ones (ECOs #10, 11)
should be consIdered when financial opportunItIes for that appear
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---------------------
Energy ConservatIOn OpportunItIes (ECOs)

Cost Project Payback
ECO DescrIption Savmg Energy costs, perIod,

savmg, USD year
usn

ElectrIc power, Natural gas, Steam, Hot water, Water,
x 1,000 kW h x 1,000 m3 GCal x 1,03 m3 x 103 m3

01 IntroductIOn of an energy management
program 2455 270 32,230 30,446 09

02 OptImIzatIOn ofburmng gas
147 12,226 8,000 07

03 Repamng gas leaks
147 12,226 2,000 02

04 PrOVISIon of the temperature mode In the
kIln 53 4,407 3,000 07

05 Steam trap assembly for a heater In the
heat supply system 34 2,790 2,512 09

06 Steam trap assembly for a heater In the hot
water supply system 17 1,395 1,104 08

07 Instruments for momtonng and adjustment
of the temperature mode In the kIln 216 17,895 16,005 09

08 Momtonng and optImIzatIOn of the
capacIty of the motors 64 2,560 1,000 04

09 Momtonng of the state of the kIln IImng
46 3,818 3,000 08

10 The hot water temperature controllIng
valve 17 1,395 1,696 1 3

11 Boller speed-vanable dnvers
185 7,392 10,200 1 4

Total 4945 947 98,334 78,963 08

5
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2 GENERAL BACKGROUND

ChaInnan of the Board Mr Valery NIkolayevIch
Rosstainyl
ChIef Energy Engmeer Mr Valery PetrovIch Beshentsev
Tel [38-04497]- 57139
Fax [38-04497]- 55336
Irpm PROGRES Bnck Plant, 1 Dzerzhmsky Str , 252710, Irpm, Ukrame

2 1 History of Plant

The plant was commIssIOned m 1955 as a baSIC enterpnse for constructIOn works m Kytv,
and It was deSIgned for productIon of 70,000,000 bncks per year The deSIgner of the project
was "UKRPROMPROJECT" InstItute WIth the MInIStry for the ConstructIOn Matenals
Industry

In 1968 a second workshop for productIOn ofbasalt superthm fiber was commIssIOned

In 1972 Irpm Plant for Wall Matenals ProductIOn was renamed mto "PROGRES" Combmed
FaCIlItIes Plant

In 1975 the assortment of the products mcluded 55 Items

In 1975 and 1985 there were carned out reconstructIOns of the faCIlItIes m accordance WIth
the project of the technologIcal bureau WIth the Trust for the Industnal ConstructIOn
Matenals under KyIv MumcIpal ExecutIve Office There was bUIlt up a block of tunnel
dryers mcludmg 9 tunnel dryers, the tunnels were made longer and the process of pushmg the
cars WIth bnck was mechamzed

The reconstructIOn resulted m the productIvIty level of the combmed faCIlItIes reachmg up to
94,958 thousand bncks per year

Smce 1977 at "PROGRES" there has been operated a workshop for productIOn of heat
msulatmg cardboards on the baSIS of glass staple fibers from rocky raw matenals

In 1982 at the combmed faCIlItIes they started to sew heat msulatmg products that were used
m tractor dnver's cabs, and m 1986 - they started producmg long heat msulatmg belts The
latter can be used at temperatures up to 700°C, whIch allowed to use them at Chomobyl NPP
after the aCCIdent there

Bnck productIOn IS done at 4 processmg lInes by plastIc mouldmg spondyl clay and
adnnxtured fire clay

In 1986 there were mechanIzed the processes ofbnck cuttmg and theIr loadmg mto the tunnel
dryers

The enterpnse has

• 6 producmg workshops
• a quarry

6
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NOTE US $1 = 1 85 hrn

2 2 Types of products

23 Number of employees
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171 persons
662 persons
139 persons

1996 10 months m 1997
Type ofproduct Quantity, % Quantity,

hrn x 103 hrn X 103 %
Bnck 5,1806 79 4,5830 795

Basalt belts 8990 14 9212 16

Other products 4608 7 2595 45

TOTAL 6,5404 100 5,7637 100
( $ 3,535,350) ( $ 3,115,510)

engmeenng personnel
mam productIOn workers
aUXIlIary productIOn workers

The combmed faCIlIties have a stable personnel, It IS engaged m housmg constructIOn, It has a
sanatonum for preventive treatment and a polIclImc for the employees

The combmed faCIlItIes have a completely fimshed productIOn cycle and Its own
mfrastructure

• a quarry for obtammg clay
• transportatIon means
• dnnkmg and technIcal water pump statIOns

The bnck productIOn lIne operates contmuously, so the plant works m three ShIftS There total
number of employees at the plant IS 972, thIS mcludes

Table 2 1 Types ofproducts and theIr percentage In the total sale

Currently the enterpnse has two mam productIOn lInes a bnck productIOn lme to produce
M75 and M100-type bncks WIth the SIze of 250 x 120 x 65 mm, and a lme for productIOn of
basalt belts as weB as ofheat insulatmg cardboards, mats and pleees on their basis

• a compressor statIon
• a boller-house
• dnnkmg and techmcal water pump statIOns
• otherumts

In January 1996 the enterpnse was re-organized mto the Open Jomt-Stock Company
"PROGRES Irpm Combmed FacIlItIes"
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24 Number of sImilar enterprises m Ukrame

PROGRES Combmed FaCIlItIes are one of the largest enterpnses m Ukrame There IS a set of
enterpnses WIth the SImIlar products Concernmg bnck productIon there are about 20 of them,
concernmg products on the baSIS of the basalt fiber - about lOaf those

2 5 SI~Dlficance of the sector to economy

The mam customer of the bnck produced at the enterpnse IS "K)'lvmlskbud" Jomt-Stock
Company provIdmg about 60 per cent of the CIVIl constructIOn works m the CIty ofKyIV (the
populatIOn IS about 3 mIllIon people) The demand vanatIOn IS of a seasonal character, but on
the whole the product IS qUite sellable

ProductIon ofbasalt belts IS more dependent on the changes on the market, however, the hIgh
qualIty of the product guarantees demand for It on the domestIc market ofUkrame both m the
constructIOn, and m the mdustnal branches

The gIVen trend of the actIVItIes IS prospectIve m the economy ofUkrame

8



ProvIdmg a contmuous operatIOn of 5 kIlns, the total productIOn capacIty of the plant IS
68,438 thousand bncks per year and 480 tons ofbasalt belts per year

Below there gIVen tables sowmg the bnck and basalt belts productIOn levels m 1995, 1996
and dunng 10 months m 1997
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3 CURRENT STATUS OF PRODUCTION

3 2 Real productIOn capacIty of plant

3 1 Total CapacIty of Plant

1-+-1995 -1996 -1&-19971

Month 1995 1996 10 months
lD 1997

January 5,938 1,031 °February 4,356 2,700 2,357
March 5,586 4,272 3,439
Apnl 3,518 4,211 3,101
May 3,001 3,438 3,500
June 3,375 3,359 4,266
July 3,475 3,540 4,434

August 3,888 3,506 4,467
September 4,236 4,173 4,703

October 3,801 4,504 5,003
November 3,381 3,668 -
December 3,462 3,412 -

TOTAL dunng the year 48,017 41,814 35,303
Monthly average 4,001 3,485 3,530

Table 3 1 Bnck productIOn rate m 1995, 1996 and 1997, thousands ofbncks
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The largest drop In the bnck productIOn level was m 1996 In 1997 the bnck production level
rose and It IS practically on the level of 1995 mdlcators, WhICh IS of about 66 to 70 per cent of
the desIgn productIon capacIty of the plant The mcrease m the productIon level of 1996 IS
accounted for by spreadmg the construction scope m the CIty of Kylv and by the mcreasmg
demand There are precondItions for stablhzatIOn of the productIon output on the level of
45,000 to 50,000 thousand bncks per year

The bnck productIOn vanes seasonally dechmng m the productIOn level m January and
February IS accounted for by a decrease m demand and by performmg repaIr works on the
processmg eqUIpment (kIlns, dryers, etc) The enterpnse has techmcal opportumtIes for
mcreasmg the productIOn output up to the desIgn value provldmg a sale market

Table 32 Rates ofbasalt belts productIOn III 1995, 1996 and 1997, tannes

Month 1995 1996 10 months
lD 1997

January 704 0 0

February 350 0 187

March 670 0 385

Apnl 470 378 323

May 320 427 246

June 624 59 377

July 260 0 0

August 209 0 0

September 683 109 372

October 654 286 409

November 333 309 -

December 271 300 -

TOTAL dunng the year 5548 1868 230

Monthly average 462 156 230

10
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3 3 Current Trend

Basalt belts production
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There has been ordered a project for mstallatIOn of a new eqUipment for a hne for productIOn of thm
basalt fiber (the total cost of the eqUipment WIth the project cost and the mstallatIOn works cost IS
about 200,000 hrn (~US $ 100,000), the expected decrease of the pnce on the basalt cardboard IS
from 446 hrn 1m3 to 300 - 320 hrn 1m3

The enterpnse has a possIbIlIty to mcrease ItS productIOn level to the deSIgned one provIdmg
avaIlabIhty of a market

In the begmmng of 1998 mstallatIOn of a lIne for productIOn of a face bnck IS planned WIth the
capacIty of 22 mIllIon bncks per year (the total cost IS about DM 1 2 mIllIon)

Basalt belts productIOn IS less stable than the bnck productIOn, whIch IS accounted for by a notIceable
mstabilIty of the demand for thIS sort ofproduct

The level of productIOn of basal belts decreased m 1996 as companng It wIth that m 1995 by 66 per
cent and was 187 tons, whIle m 1997 the productIOn level started to mcrease In 1997 there IS
expected a productIOn level of about 280 tons of basalt belts, whIch IS 58 per cent of the mstalled
capacIty of the enterpnse

NegotIatIOns are m progress concernmg credIts for purchasmg from the Amencan Company
"I C STEEL & SONS" a lIne for productIon of face bnck (17 5 thousand bncks per hour, the cost IS
~ US $2,460,000), for productIOn of dry plaster mIxtures and for productIOn of plastIc pIpe hnes and
fixture for water supply systems
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Basic consumers dunng the 10 months In 1997 Amount of the
consumed gas, %

m3 x 1,000
Bnck productIOn hne (tunnel kIlns) 7,410 82
Basalt belts productIOn hne (basalt meltIng furnaces) 948 11
BOller-house (DKVR-10/13 bOIlers, 3 umts) 554 6
Other consumers 85 1
TOTAL 8,997 100

BaSIC consumers of natural gas dUrIng 10 months m 1997

The exports are 0 5 per cent of the sale on the results ofthe actIVItIes In 1997
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Bnck
productIOn

82%

12

FIg 33

Other
consumers

1%

BOller
house

6%
Basalt belts
productIOn

11%

3 5 BasIc enerey consumme areas and eqUIpment

3 4 Export vs DomestIc productIOn

Table 3 3 Natural gas

Table 33

NOTE US $1 = 1 85 hrn

The combmed facilities products are almost completely sold on the domestic market of Ukrame m
1997 pnces

Product Measureumt Pnce
M75-type bnck 1,000 bncks 1253 hrn (US $67 7)
M100-type bnck 1,000 bncks 141 7 hrn (US 766)

Empty InsIde bnck 1,000 bncks 1634 hrn (US $88 3)
Super thIn basalt belts, 1 ton 2,650 hrn (US $1,432)

Basalt belts for constructIOn works 1 ton 2,850 hrn (US $1,541 )
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Table 3 5 Electnc power

Bnck productIon
47%

FIg 34

Basalt fiber
products

productIOn
12%

Other
consumers

9%
Pump

statIOns
5%

Compressor
statIOn

10%

Basalt belts
productIOn

10%

BOller-house
7%

BasIC consumers dunng 10 months In 1997 Amount of electnc
power, %

kWhx 1,000
Bnck productIOn hne (fans, cars, vacuum pumps) 3,770 46
Basalt fiber products ProductIOn hne (fans) 1,001 8 122
The compressor statIOn (Piston compressors - 5 umts) 849 104
Basalt belts productIOn hne (fans, exhaust fans) 812 99
The bOller-house (pumps, fans, exhaust fans) 550 67
Pumps statIOns (pumps) 432 53
Other consumers 7696 94
TOTAL 8,1844 100

BaSIC electnc power consumers dunng 10 months III 1997

The basIc consumers of natural gas that determIne the efficIency of ItS use and have a potentIal for
energy saVIng are the follOWIng ones the bnck productIOn lme, the basalt belts productIOn hne and
the boller-house

The speCIfic weIght of the energy cost In the net cost of the products m 1997 (10 months) was as
follows bncks - 35 per cent, basalt belts - 39 per cents

AnalySIS of the consumptIOn of natural gas and electnc power by the basIc productIOn areas of the
faCIlIty dunng the 10 months In 1997 showed that the bnck productIOn lIne consumes In average 82
per cent of natural gas and 47 per cent of the electnc power of the total consumptIOn by the facIhty
The hne for productIOn of basalt and products on Its baSIS consumes correspondmgly 11 and 32 per
cent

The basIc consumers of the electnc power that determIne the effiCIency of ItS use and have a potential
for energy savmg are the follOWIng ones the bnck productIOn hne, the basalt belts productIOn hne,
the compressor statIOn and the boller-house
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•
361 Kzlns

14

3 6 BrIef characterIstIc of 2as consumm2 eQUIpment

The hot air and some of the exhaust gases are used for drymg bncks
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- 80,000 bncks
- 45,000 bncks

-2umts
-1 umt
-2umts

-1022m
-41m
-385m
-32
-22
-0,2 kgf/m2

-180 kgf/m2

-14 to 16 m3/hour
-3m

• the blow aIr fans
• the coolmg fans
• the exhaust fans

The kiln operates 24 hours contmuously round the year Every 96 mmutes a process of lIpush-pullmg"
the cars wIth bncks to be fired IS takmg place that lasts 10 mmutes Each car goes through POSItIOn 1
to POSItIOn 32 passmg the PreparatIOn Zone, Fmng Zone and Coolmg Zone for 51 2 hours The
processmg IS very cntICal to observatIOn of a thorough temperature and air dynamIC condItIOns along
the aXIS of the kIln, they must correspond to the charted processmg schedule Breakmg the processmg
schedule results m an mcreased amount of the wastes and m detenoratIon of the effiCIency of the
energy utilIzatIOn

The average capaCIty of each kiln, dependmg on the electnc motors prOVIded for It - 93 kW The
actual operatIOn mode for each kiln - 37,500 bncks per 24 hours (83 %)

The maxImum load of the kiln
The maxImum production level dunng 24 hours

• the length of the kl1n
• the WIdth of the kIln
• the heIght of the kl1n
• number of the entrances mto the kl1ns
• number of the gas burners
• the gas pressure
• the air pressure
• the gas flow rate per burner
• the dIstance between the burners

Each kiln IS eqUIpped wIth the followmg

The enterpnse has 5 kilns of the tunnel type



As It can be seen from the charts, the operatIOn mode of the kIln IS complIcate and It reqUIres a
constant controllmg of the temperature and pressure

15

PositiOn along the kiln axiS
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Temperature mode for firIng In the tunnel kIln

6

Aerodynamic schedule reqUired In the tunnel kIln
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3 6 3 Boller-house

AnalySIS of operatIOn of the boIler-house m 1997

3 6 2 Basalt meltzng furnaces I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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- 0 27 to 0 3 barg
- 300 to 350 mm H20

Each bOIler IS eqUIpped WIth a DN-l 0 exhaust fan WIth a 22-kW electnc motor, and WIth a VD-l°fan
WIth a 22-kW e1ectnc motor

There IS no metenng consumptIOn of the steam produced by the bOller-house
The pressure of the steam produced by the bOller-house - 25 to 4 0 barg
The mam steam consumers are as follows

- steam and water heaters m the heat supply system
- steam and water bOIlers m the hot water supply
-the processmg hnes (bnck mouldmg, productIOn hnes of basal cardboard, basalt foam
plastic, heat msulatmg matenals, other consumers)

The boIler load vanes sIgmficantly, dependmg on the season and on the processmg needs,
rangmg from 2 0 to 6 0 tonlhour

After each furnace there IS a recuperator to cool the exhaust gases and to heat the aIr supplIed to the
burners

Short charactenstic of the boIler-house
• DKVR-I0/13 steam boIler - 2umts

- steam productIOn capaCIty - 10 ton/hour
- the pressure of the saturated steam - 13 barg
- effiCIency (the deSIgned value) - 91 8 %
- the gas flow rate (calonfic value net = 8,000 kcaVm3

) -770 m3/hour
• DKVR-I0/13 steam bOIler bemg redeSIgned for the water heatmg operatIOn mode

- heat capaCIty - 5 7 GcaVhour
- the water temperature after the bOIler - 115°C
- the water temperature before the bOIler - 70°C

• two furnaces for meltmg basalt
• a devIce for blowmg-out the fiber

The enterpnse has 4 plants for productIOn ofbelts from basalt fiber, the productIOn capacIty IS
15 kg/hour Each plant mcludes the followmg

To decrease the temperature of the gases supplIed to the exhaust fan to 220°C after each recuperator
there IS an eject plant solvmg the exhaust gases and decreasmg theIr temperature Removal of the
gases from the furnace IS fulfilled by aJomt DN-9 exhaust fan WIth a 13-kW electnc motor

The source of heat supply for the combmed faCIlItIes IS theIr own bOller-plant operatmg on natural
gas

The gas pressure
The aIr pressure
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Table 36

January February June October
Monthly gas consumptIOn, m3 120,600 104,800 12,400 63,000

Gas consumptIOn per hour, m3/hour 162 156 17 85
Average steam productIOn capaCity of the boller per
hour (the efficiency = 85 %, the steam pressure = 3 0 1,990 1,920 210 1,045
barg, the temperature of the feed water =
=100 0C), kg/hour
The pressure of the steam at the boller output, barg 3 to 4 3 to 4 3 to 4 3 to 4
UtlllzatIOn of the InstallatIOn capaCity of the boller 20% 19% 2% 105%

The conclUSIOn

The bOIler steam capaCity vanes dependmg on the processmg load from 250 kg/hour to 6,500
kg/hour

Gas consumptIOn durmg 10 months m 1997 was 554,000 m3, which IS eqUIvalent to
US $50,000, electnc power consumptIOn was 550,000 kW h, whIch IS eqUIvalent to US $24,200

ApproXImate steam consumptIOn balance for 1997

1 Expected boIler-house gas consumptIOn - 840,000 m3

2 Calculated annual steam productIOn - 10,300 tonnes
3 Steam consumptIOn by the processmg hnes ( 40 % ) - 4,120 tonnes
4 Steam consumptIOn by the hot water supply system ( 20 % ) - 2,060 tonnes
5 Steam consumptIOn by the heat supply system (40 %) -4,120 tonnes

6 Average annual steam productIon capaCIty of the boIler-house
• per 24 hours - 28 2 tonnes
• per hour - 1,175 kg

7 Average steam pressure - 3 barg
8 Return of the condensate - 60 %

17



4 1 Currency vs Barter

4 2 VIabIlIty of plant

Due to the data ofoperatIOn for 9 months In 1997

4 FINANCIAL STATUS OF PLANT

18

- 145%
- 350,OOOhm

The ratIO of the operatIOns In hard currency versus the barter-based ones IS 54 6 per cent (due to the
data for the 10 months In 1997)

• profitabIlIty
• Indebtedness In payments for gas
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5 ANNUAL ENERGY CONSUMPTION AND COSTS

5 1 Annual consumptIOn of natural 2as and electrIc power lD 1995. 1996 and 1997

Table 5 1

Gas ElectrICIty
(m3 x 1,000) (kW h x 1,000)

Month 1995 1996 10 months 1995 1996 10 months
lD 1997 lD 1997

January 1,7946 4,343 1314 1,8398 5824 2,94°
February 1,262 1 7685 7581 1,3603 7854 8335

March 1,5094 1,0485 9355 1,3383 1,0485 1,0493

Apnl 9616 9736 819 1 1,0179 935 1 8273

May 663 1 8836 9724 7249 7479 7287

June 9333 792 ° 1,0358 1,0576 6839 9667

July 8801 7836 9256 9795 6242 6645

August 9494 7799 1,022 1 9534 6007 6959

September 1,2143 1,056 1 1,163 8 1,198 1 7923 989 °
October 1,078 8 1,0966 1,2336 1,277 1 9242 10,1355

November 9912 971 8 - 1,2506 1,005 1 -

December 1,0934 9905 - 1,083 7 9412 -

TOTAL 13,331 3 10,579 8,997 14,081 9,671 8,1844
for the
year

Monthly 1,110 9 881 6 8997 1,1734 8059 8184
average

Cost, US $ 1,106,498 878,057 746,751 563,240 386,840 327,376

NOTE 1,000 m3 = US $83, 1,000 kW h = US $40

19
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Seasonal vanations m the products of the plant dIrectly mfluences the electnc power
consumptIOn So, the plot
of the natural gas consumptIOn (FIg 5 1), as a matter of fact, IS SImIlar to the plot of the bnck
productIOn (FIg 3 I)
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Table 52

53 Structure of the total electriC power consumptIOn and Its cost m 1997 (10 months)

52 Current tariffs on electriC power and fuel m 1997

1,000 m3
- US $83

1,000 kW h- US $40
1,000 m3 = 8 0 Gcal
1,000 kW h = 086 Gcal

Metenng the amount of the natural gas supplied to the plant IS performed by a computer-based system
workmg WIth narrowmg deVIces

ThIS allows to mtroduce a system of controllmg and plannmg the energy costs per umt of a product,
as well as to assess the effiCIency of the Implemented energy savmg measures

The enterpnse has fulfilled large work aImed at orgamzatIOn of commerCIal metenng of natural gas
and electnc power consumptIOn as well as at organIzatIOn of the mterplant metenng the energy
consumed by the mam processmg lInes and eqUIpment

5 4 Meterme consumption of natural eas and electriC power

NOTE Data for calculatIOns

The structure of the power consumptIOn, costs and the speCIfic cost of 1Gcal ofheat from the
energy sources are shown m the table below

Currently, due to rIsmg of the brIck productIOn level typical for the autumn months dUrIng the
analyzed perIod, a correspondmg mcrease m the natural gas consumptIOn IS observed

PROGRES Open Jomt-Stock Company utIlIzes for ItS productIOn needs power energy and natural gas
of the lowest calonfic heat the average value ofwmch IS between 7,960 to 8,000 kcal/m2

The speCIfic weIght of the energy sources cost m the cost of the products m 1997 (10 months) was as
follows bnck productIOn - 35 per cent, basalt belts productIOn - 39 per cent

1,000 m3 ofnatural gas cost US $83 (WIthout VAT)

The slgmficant decrease m the consumptIOn of natural gas and electrIc power m January and
February m 1996 and 1997 IS accounted for by the absence of the brIck productIOn m that
perIod Some decline m the energy sources consumptIOn m July 1997 IS accounted for by the
absence of basalt belts productIOn m that perIod

The electnc energy IS delivered on a contract basIs with the Ukralman Energy ConsortIUm represented
by "ELECTROCONSULTING Ltd II Company accordmg to the common contract tanff - US $0 04
per 1 kW h, mcludmg payment for the mstalled power (2,500 kW)

Energy source ConsumptIOn Gcal % Cost, % Cost of 1 Gcal,
US$ US$/Gcal

Natural gas 8,997,000 m3 71,976 91 746,751 70
104

Electnclty 8,184,400 kW h 7,039 9 327,376 30 465
TOTAL - 79,015 100 1,074,127 100 -
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Metenng the electnc power energy supphed to the plant IS perfonned by "Alpha" meters (USA) at
the plant substatIOns on the borders wIth the energy provIdmg company
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6 PREVIOUS ENERGY IMPROVEMENTS

6 1 Measures aImed at decreasIll2 consumptIOn of fuel and ener2Y resources III 1997
that were Implemented at the enterprIse

1 There was mstalled a vaned-speed dnve for the peak pump of the dnnkmg water (the
electnc motor capacIty IS 7 5 kW)

2 There was Implemented a plant system of commerCIal metenng the electnc power sources
on the baSIS of "GranIte" automatic system There IS no automatIc mterplant metenng, but
the dally metenng of consumptIOn of the electnc energy resources IS performed by readmg
the data from dIsplays of the meters and entenng them mto the regIster WIth the followmg
mputtmg the data mto a computer ThIS allows to analyze the current energy consumptIOn
and prOVIde measures m case If the energy consumptIOn does not correspond to the
deSIgned value

6 2 A plan of measures developed at the plant and aImed at savIll2 ener2Y resources

Mam measures

• Improvement the effiCIency of fuel combustIOn m kIlnS and bOIlers
Fuel savmg - 7 to 8 %

• Use of a utIhzmg bOIler m the workshop for productIOn of superthm basalt fiber
Heat savmg - 600 Gcal

• InstallatIOn of a frequency dnve for controllmg the revolutIOn speed of the dnnkmg and
technIcal water pumps

• Electnc power savmg - 224,000 kW h/yr
• Heat msulatIOn of the kIlns at the bnck productIOn area and m the workshop for basalt

fiber productIOn
Gas savmg - 2 5 %

• Improvement of the operatIOn modes of the fans for the kIlns, drying furnaces, basal
meltmg furnaces, etc

• Electnc power savmg - up to 10 %

The proposed measures are assocIated WIth the energy savmg opporturnties aVailable at the plant,
however, the expected economIC effect from theIr Implementation has an optimIstic character If not
bemg supported by provmg calculatIOns There are no calculatIOns of costs of ImplementatIOn of the
proposed measures, whIch does not allow to estimate theIr payback penod and to Identify the most
Important qUickly payback projects
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7 ENERGY AUDIT

71 Specific enerey consumptIOn In 1997

At the enterpnse there IS metenng the specIfic gas and electnc power consumptIOn per product umt
The analysIs shows that the specIfic energy consumptIon depends both on the productIon level, and of
the technIcal status and as well on the operatIOn mode ofthe SImIlar eqUIpment

Table 7 1 Companson of the speCIfic energy consumptIOn per 1,000 bncks at dIfferent productIOn
levels

ProductIOn level, SpeCIfic heat consumptIOn, SpeCIfic electnc power
bncks x 1,000 Gcal/l,OOO bncks consumptIOn,

kW hll,OOO bncks
February 1997 2,357 1 92 1363
October 1997 5,036 1 54 1035
Average value 35,303 168 1068
for 10 months

DeVIatIOn of the speCIfic consumptIOn from the average value for gas - 23 %, for electnc power 
31 %

Table 72 Companson of speCIfic gas consumptIOn for finng 1,000 bncks In kilns # 1, 2, 3, 5 from
01 11 97 to 17 11 1997

KIln ProductIOn level, SpeCIfic gas consumptIOn, SpeCIfic heat consumptIOn,
bncks x 1,000 m3/l,000 bncks Gcal/ 1,000 bncks

KIln #1 660 1 200 160
KIln #2 6601 1776 142
KIln #3 650 1 2061 165
KIln #5 6501 2149 171

Average value 6501 1997 1 6

DeVIatIOn of the speCIfic heat consumptIon from the average value 18 %
1,000 m3 of gas = 8 aGcal
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Table 7 3 SpecIfic energy consumptlon by the bnck productlon Ime m 1997

Month ProductIon Gas Specific Electric power SpecIfic power
level, consumptIOn gas consumptIon consumptIon, consumptIOn,

brIcks x 103 per 1,000 bricks kW h x 103 kW h 1103 bricks

m3 x Gcal m3 Gcal
103

January - - - - - 120 -
February 2,357 5662 4,530 2402 I 92 321 3 1363
March 3,439 701 8 5,614 2041 1 63 402 1 1169
Apnl 3,101 6487 5,190 2092 1 67 3406 1100
May 3,500 7980 6,384 2280 1 82 3606 1030
June 4,266 8693 6,954 2038 1 63 4565 107

July 4,434 912 I 7,297 2056 I 65 4559 1028

August 4,467 9383 7,506 210 1 1 68 4366 978
September 4,703 1,0066 8,053 2140 1 71 4635 986
October 5,036 9694 7,755 1925 1 54 521 0 1035
TOTAL 3,5303 7,4104 59,283 211 9 1 68 3,7700 lQ68

NOTE 1,000 m3 of gas = 8 0 Gcal

SpeCIfic electrIc power consumptIOn vs the productIOn level
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7 2 Ener2Y conservatIOn measures with short-term payback perIods

IntroductIOn ofan energy management program (ECO - 01)

SpecIfic gas consumptIon vs the productIon level

600050004000

Monthly productIOn rate, bncks x 1,000

FIg 72
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WIth the nsmg energy costs dunng the past few years, the energy costs have now become very
mfluentIal part of the expenses

For Progress Irpm CombIned FaCIlIties, as WIth most mdustrIes m Ukrame, m the past the
energy costs were sIgmficantly subSIdIzed and plentiful, therefore and energy savmg was not a
major conSIderatIOn In the plant operatIOns

The specIfic electnc power and gas consumptIOn per 1,000 bncks depend on the productIOn rate, on
how well the processIng schedule for finng bncks In kilns IS observed, and they are basIc IndIcators
for assessment of the energy efficIency of the facIlIty From the above gIven data one can conclude
that there are good reserves for decreaSIng the energy consumptIOn by loadIng the kIlnS to the utmost,
ImplementIng energy conservIng opportunItIes, proVIdIng contInuous control and analySIS of the
energy data

It IS typIcal for Industnal plant management to maInly thInk In terms of productIOn, and to want to
Increase ItS output Therefore It IS sometimes dIfficult to thmk of the Importance of energy and
energy costs on the operatIOn of the plant

I
I
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Currently at Progress Irpm Combmed FaCIlItIes, lIke at other UkramIan enterpnses too, though
the problems m relatIOn of the energy resources and energy costs are now well understood by
the staff, there IS a tendency to thmk of Implementmg large projects WIth the mtent of saVIng
large amounts of energy by saVIng energy sources And at the same tIme at the faCIlIties a large
number of small energy savmg projects eXIst that have short payback penods

Most mdustnes In Ukrame have a person or persons who are referred to as energy engmeers
These people are typIcally responsIble for ensunng that there IS an adequate supply of energy to
the plant, not to Improve the energy effiCIency of the plant But WIth the rIse m energy pnces and
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the uncertamty of avallablhty of all fuels, an energy manager to conserve energy becomes
Important Each plant should senously consider estabhshmg an energy manager posItion as a
minImUm, and for large mdustnes, possibly even an energy management group

These people should be regularly mOnItormg all operatIOns, and espeCially revlewmg monthly
energy consumptIOn ThiS monthly data should be graphed and compared to prevIOus months
and years to determme any vanatlOns m consumptIOn Where vanatlOns due occur, they should
then determme the cause of the vanatlOn and If remedial actIOn IS reqUIred For mstance, If
monthly consumption mcreases, the reasons why should be determmed and If appropnate, steps
taken to correct any problem

In addition, the energy management staff should also review each process, and look for energy
savmg opportunIties They should see that all cost effective energy Improvements are
Implemented, begmnmg With Items Identified m thiS energy audit They should then also have
responSibilIty to review all proposed changes to the faCIlIty to ensure that each process IS as
energy effiCient as pOSSible

It IS proposed to proVIde the enterpnse WIth the reqUired measunng Instruments m order to IdentIfy
and quantItatIvely estImate the energy conservatIOn opportumtles, mdependently determme the energy
conservatIOn opportumtIes, decrease energy consumptIOn and keep under control energy savmg

I
I
I
I
I

Expected savmg
- electnc power
- natural gas

ProJect costs
Payback penod

- 245,500 kW h,
- 270,000 m2

- USD 30,446
- 11 months

Optlmzzatzon ofgas combustzon (ECO - 02)

The combustIOn process IS assessed at the plant VIsually, WIthout analyzmg gases m regard of the
contents m them of O2 and CO, the gas-to-aIr ratIo IS not supported

It IS proposed to mtroduce at the enterpnse mto practIce a portable combustIOn analyzer and to tram a
speCIalIst who WIll be every day or every other day to make measures of the combustIOn effiCIency
and correspondmgly adjust the optImal combustIOn mode

Expected annual gas savmg
Project cost
Payback penod

147,300 m3

US $8,000
8 months

Identzjicatzon and repamng natural gas leaks m the gas dzstrzbutmg lmes (ECO - 03)

The mternal gas dIstnbutmg systems are branched and they have a large number of stop valves Due
to an msufficient qualIty of the threaded and flanged connectIOns the gas leak IS 5 to 6 per cent

It IS proposed to use at the plant a portable detector of gas-and-atr mIxture leaks, whIch WIll enable to
carry out regularly (one or two tImes a week) checkmg the relIabIlIty of the threaded and flanged
connectIOns as well as the qualIty of the sealIng fits and to elImmate the leaks m due tIme ThIs WIll
decrease the gas losses at the plant by 1 5 to 2 0 per cent

Expected annual gas savmg
ProJect cost
Payback penod
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Optzmzzatzon ofthe kzln temperature schedule (ECO - 04)

Installatzon ofa steam trap on the heater In the hot water supply system (ECO - 06)

Installatzon ofa steam trap on the heater In the heat supply system (ECO - 05)

Installatzon ofInstruments for the kzln operatzon mode adjustment and control (ECO - 07)

33,600 m3

US $2,512
11 months

53,100 m3

US $3,000
8 months

16,800 m3

US $1,104
10 months

Expected annual gas saVing
Project cost
Payback penod

Expected annual gas saVing
Project cost
Payback penod

Expected annual gas saVing
Project cost
Payback penod

The operatIOn of the kiln reqUires a thorough observatIOn of the temperature schedule In the following
zones the heating zone (30 m), finng zone (33 m), coolIng zone (33 m) BreakIng the schedule results
In detenoratIOn of the bnck qualIty and increaSing the percentage of the wastes At the plant there IS
no daily check of the temperature along the aXIS of the burners In the finng zone There are no
controlling Instruments

The steam and water heater In the water delIvery system has no steam trap assembly, whIch results In
steam flashing and detenoratIOn of the heat operatIOn efficIency

The steam and water heater for hot water heating has no steam trappmg assembly, whIch results In
steam flashing and In detenoratIon of Its operatIOn effiCIency

It IS proposed to Install a steam trapping assembly wIth a floating steam trap As It IS known from
practIce, thIS measure WIll Increase the efficIency of operating the heater by 10 to 15 per cent

It IS proposed to Install a steam trapping assembly WIth a floating steam trap As It IS known from
practIce, thIs measure WIll Improve the effiCIency of the heater operatIOn by 10 to 15 per cent

It IS proposed for controllIng the temperature along the length of the kIlnS to use a portable Infrared
thermometer wIth the temperature range up to 1,200oC ThIS wIll enable to make every 8 hours
measurements and control the temperature schedule, WhICh wIll decrease the level of the wastes by 10
per cent

I
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In the kilns there are burnt about 82 per cent of the natural gas consumed by the enterpnse The
operatIon mode of the kIlns IS charactenzed by a hIgh speCIfic gas consumptIon for finng 1,000 bncks
and ItS sIgmficant vanatIOn In a WIde range from 170 to 240 m3/l,000 bncks

On the burners (22 In each kIln) there are no Instruments for controlling the gas and air pressure,
WhICh does not allow to keep under control theIr optImal operatIOn mode It IS ImposSIble to prOVIde
an even aIr and gas dIstnbutIOn In regard of the kIln SIdes, as there are no controllmg valves In the air
ducts
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It IS proposed to mstall on each burner and m the Jomt alr- and gas ducts from both sIdes of the kIln
mstruments for controllIng the aIr and gas pressure (correspondmgly from 0 to 0 6 barg and from 0 to
300 rom H20) and controllIng valves m the dlstnbutmg aIr ducts from both sIdes m the finng zone At
the same tIme there IS proposed to mstall from the both sIdes of the kIln mstruments for controllmg
the low pressure - the pressure along the axIS of the tunnel - to optImIze the aIr dynamIc mode of the
kIln operatIOn, as well as to mstall thermometers for controllmg the temperature of the sucked out
gases and aIr

As It was shown from the expenence of the practIcal adjustment works, the proposed measures WIll
allow to optImIze the load of the burners, control theIr adjustment, create condItIOns for settmg the
temperature and aIr dynamIC modes both dunng the finng process, and m the penods of "pushmg
out/pullIng" the bnck cars The expected decrease of the speCIfic gas consumptIOn per 1,000 bncks IS
7 to 8 per cent

I
I
I
I
I

Expected annual gas savmg
Pro]ect cost
Payback penod

215,600 m3

US $ 16,005
11 months

Monztormg and optzmzzatlOn ofthe eiectrzc motors capaczty (ECO - 08)

The mam power consummg eqUIpment IS electnc dnves of exhaust fans, fans, pumps Whtle the
enterpnse has been operated for a long tIme (more than 40 years), the faIled electnc motors were
replaced WIth no takmg mto conSIderatIOn the mmlmum reqUIred power capaCIty Even for the
SImIlar eqUIpment there are operated e1ectnc motors of dIfferent capaCIty that IS more tImes hIgher
than the reqUIred one

It IS proposed to use at the enterpnse a set of portable meters for metenng power of electnc motors 
clamp on dIgItal watt-meters - and a power factor meter The proposed measure WIll enable to carry
out wlthm 1 to 2 months momtonng of the real loadmg of the electnc motors, to analyze the
effiCIency and to make a plan of theIr replacement WIth more powerful ones of a hIgher effiCIency
The electnc power savmg after ImplementatIOn of the measure IS not less than I per cent every year

Expected electnc power savmg
Project cost
Payback penod

Monztorzng the lain lznzng status (ECO - 09)

64,000kW
US $1,000
5 months

The data of the fulfilled measures showed htgh temperatures of the external surface of the kIln lmmg
m the zone of locatIOn of the burners, theIr values amount to 190 to 207°C ThIS testIfies to the lmmg
faIlure and to mcreased losses mto the enVIronment whIch, due to estImatIon, IS 3 5 per cent

As at the enterpnse there are no exact data m regard of the state of the kIln lImng, the attentIOn paId to
the lmmg repaIr and restoratIOn m due tIme IS msufficlent

It IS proposed to Introduce Into practIce at the faCIlIty USIng a Raynger ST6 portable mfra-red
thermometer ThIS WIll enable to arrange at the enterpnse a regular control (one or two tImes a day) of
the temperature of the external surfaces of the lInmgs of the kIlns, lmmgs of the gas ducts and steam
ducts, as well as to IdentIfy the faIled areas and fulfil In due tIme theIr repamng The results of the
earned out measurements should be taken mto conSIderatIOn when makmg the schedule of the kIln
repaIr works
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InstallatIOn ofvarzable speed drzvesfor the mduced draughtfan and thefan ofDKVR-IO/13 bOller
(ECO -11)

Controllmg the temperature of the hot water at the output of the steam and water heater m the hot
water supply system IS done at the enterpnse manually

Takmg mto conSIderatIOn a non-stable water consumptIOn schedule, there IS proposed to mstall m the
steam duct to the heater a "dIrect actIvatIOn" valve for automatIcal keepmg the temperature of the hot

InstallatIOn of the valve controllmg temperature on the steam and water heater m the hot water
supply system (ECO - 10)

184,800 kW _
US $10,200
17 months

16,800 m3

US $1,696
15 months

46,000 m3

US $3,000
10 months

Expected annual electnc power savmg
Project cost
Payback penod

Expected annual gas savmg
Project cost
Payback penod

The enterpnse boller-house IS eqUIpped WIth two steam bOIlers WIth the maXImum steam productIOn
capaCIty of 15 tonlhour each (the steam pressure up to 10 barg) Each bOIler has an exhaust fan and a
fan WIth the capaCIty of the electnc motors of22 kW each The steam load of the plant IS prOVIded by
one bOIler operatmg WIth the steam productIOn capaCIty of 2 0 to 6 0 tJh The measurements of the
consumed power showed avallabIlIty of an opportumty to decrease the consumed power by 50 per
cent

water As It IS known from expenence, ImplementatIOn of thIS measure WIll gIve steam savmg of not
worse than 10 per cent

Expected annual gas savmg
ProJ ect cost
Payback penod

ElImmatIOn of the mcreased temperatures m the finng zone by repamng the lmmg of the burners WIll
enable to decrease the losses mto the envIronment and Improve the efficIency of the kIlns by 0 3 to
o5 per cent and, m the future to keep the heat losses m to the envIronment on the mmImum level

It IS proposed to mstall at the boIler vanable speed dnves for the exhaust fan and for the fan WIth
mstallatIOn at the same tIme of the low pressure sensors for automatIc keepmg the reqUIred
parameters ThIS measure WIll enable to decrease the consumed power by 50 per cent, and m addItIOn
to decrease the total cost of the electnc power consumptIOn by 5 per cent resultmg from mtroducmg
automatIc controllIng

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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8 0 EFFECT OF IMPLEMENTING THE RECOMMENDATIONS ON ENVIRONMENT

Savmg energy resources IS dIrectly connected wIth decreasmg the hannful emISSIons mto the
enVIronment Accordmg to the data from receIved at the enterpnse, there are set the followmg
permItted levels of the emISSIons whl1e burnmg 1,000 m3 of gas for bnck productIOn and for basalt
fiber production, these levels are regularly checked by an mspector from the regIOnal enVIronment
protectIOn admInIstratIOn

co -carbon monoxIde - 8 9 kg
Nox - OXIdes of mtrogen - 2 1 kg
S02 -sulphur dIOXIde -°032 kg

The average amount of the harmful emISSIOns per 1,000 kW h of the produced e1ectnc power m 1996
accordmg to the data from the MmIstry ofEnergy of Ukrame was as follows

co -0 5 kg
Nox - 22 kg
S02 - 9 9 kg
Ash - 4 4 kg

ImplementatIOn of the proposed measures WIll enable to decrease the annual consumptIOn of natural
gas by 947,000 m3 and that of the electnc power - by 494,500 kW h, wmch IS eqmvalent to decreasmg
the level of the harmful emISSIOns mto the atmosphere as follows

co -947,000 m3 89 kgll03 m3 + 494,500 kW h 05 kg/103 kW h = 8,676 kg
NOx - 947,000 m3 2 I kgll03 m3 + 494,500 kW h 22 kgll03 kW h = 3,077 kg
S02 - 947,000 m3 0032 kgll03 m3 + 494,500 kW h 99 kgll03 kW h = 4,926 kg
Ash - 494 ,500 kW h 44 kgll03 kW h =2,176 kg

The total decreasmg of the harmful emISSIons - 189 tonnes per year
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APPENDIX A ENERGY CONSERVATION OPPORTUNITIES
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ECO - 01

ECO - 02

ECO-03

ECO-04

ECO - 05

ECO - 06

ECO- 07

ECO - 08

ECO - 09

ECO-10

ECO -11

Energy ConservatIOn OpportuDltIes

IntroductIOn of an energy management program

OptImIzatIOn ofgas combustIOn

IdentificatIOn and repamng natural gas leaks m the gas dIstnbutmg hnes

OptimIzatIOn of the temperature schedule m the kiln

InstallatIOn of a stearn trap on the heater m the heat supply system

Installation ofa steam trap-on the heaterm thehntwatersupply system

InstallatIOn ofmstrurnents for the kiln operatIOn mode adjustment and control

Momtonng and optimIzatIOn of the electnc motors capacIty

Momtonng the kIln hnmg status

InstallatIOn of the valve controllmg temperature on the stearn water heater m the hot
water supply system

Installation ofvanable speed dnves for the exhaust fan and the fan for DKVR-IO/13 b
boller
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DescnptIOn of the opportumty

The basIc mstrument m decreasmg energy consumptIOn by usmg It more effectively IS energy
management Energy management IS a management system based on fulfillmg typIcal measurements
and checkmgs provIdmg such an operatIOn of the plant when there IS consumed only the amount of
energy reqUired for the processmg needs The plant management I very well aware of the benefits
gIven by the energy effiCIency, but there are no techmcal facIlities for quantitative assessment of
finanCial advantages of the energy savmg measures

ECO - 01

Energy Conservation OpportunIties

IntroductIOn of an energy management program

I
I
I
I

WhIle performmg the audIt there were found a lot of costless and low-cost energy savmg
opportunIties that can become of a SIgnIficant benefit

For example, estimatIOn of the efficIency of operatmg the meltmg furnaces, fans and other eqUIpment
of the SImIlar WIll allow to operate the most efficIent eqUipment and to wIthdraw out of operatIOn the
mefficient one

ProvIdmg aVailabIlity at the enterpnse of a measunng system for a quantitatIve and qualitative
assessment of energy savmg opportumtIes, mtroductIOn of an energy management system IS pOSSIble

It IS proposed to provIde for the enterpnse the reqUired measunng mstrumentatIOn to Identify and
quantitatively assess the energy savmg OpportunIties, as well as mdependently determme the pnonty
ofthe costs on energy savmg and to decrease energy consumptIOn and momtor energy savmg

The set of the eqUipment that would be useful for the plant should mclude the followmg

• a combustIOn analyser
• a contactless thermometer
• a WIre thermoanemometer
• a three-phase energy analyzer
• a tachometer
• a dIgItal contact thermometer
• an IllummatIOn meter
• an ultrasomc contactless flow rate meter
• a power meter
• a power factor meter (coscp)
• a portable thermometer/humidity meter/"dew pomt" meter,
• a computer wIth a pnnter

If a set of portable deVIces IS avaIlable, there IS proposed to mtroduce at the plant a posItion of the
energy manager It IS reasonable for the energy manager to undergo a speCIal trammg course m the
Energy Managers Trammg Center (KyIv CIty, NatIOnal Techmcal Umversity of Ukrame "KyIv
PolItechmcal InstItute") The baSIC task of the energy manger IS momtonng of energy usmg systems,
development of real rates WIth the aim of contmuous momtonng for theIr observatIOn by the energy
users and decreasmg the total energy consumptIOn at the plant

The Issues to be m charge of the energy manager work WIth the plant personnel should be mcluded
concermng the followmg aspects
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COmmISSIOnIng costs

CalculatIOn of a yearly savmg ofcosts

CalculatIOn of a yearly savmg of costs

The energy savmg WIll be as follows

818,000 kWh .12.0025 = 245,500 kWh
899,700 m3

• 12.0025 = 270,000 m3

The total savmg of the energy costs WIll be
USD 9,820 + USD 22,410 = USD 32,230

1 If 1,000 kW h cost USD 40, the savmg of the electnc power cost WIll be
245,500 kW h • USD 40 = USD 9,820

2 If 1,000 m3 cost USD 83, the savmg on gas WIll be
270,000 m3

• USD 83 = USD 22,410

The approXImate cost of a set ofthe measunng mstruments IS USD 24,000
The costs of ImplementatIOn of an energy management system, as It IS shown by practIce, are about
20 per cent of the expected savmg, or USD 32,230 .02 =USD 6,446

The world expenence and practIce prove that ImplementatIOn of an energy management system by
usmg the above eqUIpment can gIve a yearly energy savmg between 2 and 3 per cent

I Electnc power
2 Natural gas

• trammg the plant personnel to the energy management practIce,
• stImulatIOn of the plant personnel m findmg energy conservatIOn opportunItIes at theIr productIOn

areas and m theIr workshops,
• awardmg the plant personnel for findmg out potentIal energy conservatIOn opportunItIes,
• quantItatIve estImatIOn of the economIC effect for each of the energy conservatIOn opportunItIes

and of the payback penod for the correspondmg mvestments,
• plannmg and correctIOn of a 5-year strategy plan of the energy management development aImed at

ImplementatIOn of energy conservatIon opportunItIes,
• applymg for allocatIon of funds for on energy savmg projects,
• ImplementatIOn of energy conservatIOn opportumtles If they are financed or costless,
• followmg-up of the energy conservatIOn OpportunItIes after theIr ImplementatIOn and a quantitative

assessment of the actual savmg ofthe costs,
• dissemmatIOn of the successful expenence of Implemented energy conservatIon projects as well as

theIr lessons,
• repetItIOn of successful energy conservatIOn projects at all productIOn areas and In all workshops at

the gIven plant

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The total costs USD 24,000 + USD 6,446 = USD 30,446
The SImple payback penod USD 30,000 USD 32,230 = 0 9 year ~ 11 months
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The combustIOn process IS assessed at the plant vIsually, wIthout analyzmg gases m regard of the
contents m them of O2 and CO that determme the fuel combustIOn effiCIency

HIghly effiCIent combustIOn of gas m kIlns, basalt meltmg furnaces and m the bOIlers reqmre
supportmg an optimal gas-to-atr ratio, ItS penodlc checkmg and adjustment

For example, at Steam BOller #2 when the air pressure after the blow fan decreased from 20 to 10 mm
H20, we managed to mcrease the effiCiency by 2 6 per cent The content of the carbon OXIde at the
same tIme decreased from 376 to 24 mg/m3

OptImIzatIOn of gas combustIOn

I
I
I
I

Schedulmg the operatIOn modes of DKVR-lO/13 steam bOIler #2 and that of kIlns WIth the help of I
ENERAC-2000 combustIOn analyzer showed a real OpportunIty to gam 20 to 25 per cent savmg of
the gas supphed for burmng

I

ECO-02

It IS proposed to mtroduce at the plant mto practIce a portable combustIOn analyzer, to tram a
speclahst who wIll have to measure the combustIOn effiCIency every day or every other day and
correspondmgly adjust the combustIOn mode

CalculatIOn of the expected fuel savmg

1 Improvement of the eqmpment effiCIency (set on the baSIS of
measurements and from the practIcal expenence)

2 The average monthly gas consumptIOn dunng 10 months m 1997
3 Annual gas consumptIOn at the plant (12 months)

818,400 12 = 9,820,800 m3

4 The expected annual gas savmg
9,820,800 0015 = 147,300 m3

5 1,000 m3 of gas cost US $83
6 Annual cost savmg

147,300 m3 $83 = US $12,226

15 %
818,400 m3

Suggested eqmpment and ItS cost

The portable combustIOn analyzer ENERAC-2000 With sensors of02, CO, NOl{' S02 and WIth 12- and
48-mch sample-takmg probes as well as WIth takmg mto consIderatIOn the transportatIOn costs and
the custom fees IS about US $8,000

The SImple payback penod IS $8,000 $ 12,226 = 0 65 yr == 8 months
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The mternal gas dlstnbutmg systems are branched and they have a large number of stop valves

At the plant natural gas of the mIddle pressure of 0 2 to 0 3 barg IS used m lalns and m the basalt
meltmg furnaces, whl1e gas of low pressure of 0 04 barg IS used m the bOller-house

For example, the kilns (5 umts) are eqmpped wIth 110 burners, each of whICh has three stop valves
wIth threaded connections, or, m other words, It IS only the kIlns that have 660 threaded connectIOns
m the mIddle-pressure gas plpelmes

It IS proposed to use at the plant a portable gas leak detector, whICh w111 enable to carry out regularly
(one or two times a week) checkmg the rehablhty of the threaded and flanged connectIOns, the
quahty of the sealed fittmg and to ehmmate m due time the leaks ThIS WIll decrease the gas losses at
the plant by 1 5 to 2 0 per cent

IdentIfication and repamng natural gas leaks m gas dlstnbutmg hnes

Takmg mto consIderatIOn the quahty of the seals of the threaded connectIOns and that of the flanged
connectIOns, the gas leaks, accordmg to the estImates of the plant Itself and m accordance wIth the
expenence, IS 5 to 6 per cent The leaks are ehmmated only m case of a strong smell of a gas WIth a
typIcal odour, or due to the results of checkmg the quahty of sealmg by sapomficatIOn of the
connectIOns, the latter bemg done once or twIce a year

ECO - 03

I
I
I
I
I
I
I
I
I

The SImple payback penod $2,000 $12,226 = 0 16 yr == 2 months

The cost of the portable gas and air mIxture leaks detector WIth takmg mto conSIderatIOn the
transportatIOn costs and other costs IS about US $2,000

I
I
I
I
I
I

CalculatIOn ofthe expected fuel savmg

1 Gas consumptIOn decrease
2 Annual gas consumptIOn
3 Expected annual gas savmg

9,8208 0015 = 147,300 m3

4 Annual costs savmg
147,300 m3 $83 = US $12,226

Suggested eqmpment and Its cost

by 15%
9,820,800 m3

•
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The operatIOn mode m the tunnel kIln wIth the length of the active part of 96 m reqUIres a thorough
observatIOn of the temperature schedule m three zones

In each zone the temperature must be observed stnctly accordmg to the processmg schedule
It takes 51 2 h for a car wIth bncks to go through all the zones The temperature schedule depends of
the operatIOn mode of each burner m the finng zone and the operatIOn modes of the coolmg fan and
the exhaust fan

ECO - 04

•
•
•

OptimIzation of the temperature schedule m the kIln

m the heatmg zone (30-m length)
m the finng zone (33-m length)
m the coohng zone (33-m length)

from 30 to 70°C
from 700 to 1,020oC
from 1,020 to 20°C

I
I
I
I
I
•

Breakmg the schedule results m detenoratlOn of the bnck quality and mcreasmg the percentage of the
- waste-s -The wastes after finng dunng 9 months In 1997 was 1,B95,l00 bncks or 5 4 per cent of the

productIOn level At the plant there IS no dally checkmg the temperature along the axIS of the burners
m the finng zone There are no temperature controllmg mstruments

It IS proposed for controllmg the temperature along the length of the kIlns to use a portable mfrared
thermometer WIth the temperature range up to 1,200oC Tills WIll enable to make every
8 hours measurements of and controlhng the temperature schedule, whIch WIll decrease the level of
the wastes by 10 per cent

CalculatIOn ofthe expected fuel savmg

1 Increase of the percentage of the wastes by
2 The amount of the wastes dunng 9 months
3 The annual amount of the wastes
4 A decrease of the amount of the wastes
5 SpeCific gas consumptIOn for finng 1,000 bncks 
6 Annual gas savmg
7 Annual costs savmg

Suggested eqUipment and Its cost

10%
1,895 thousand bncks
1,895 (12 9) =2527 thousand bncks
2,527 0 1 = 252 7 thousand bncks
210 m3/1,000 bncks
2527 210 = 53,100 bncks
53,100 m3 $83 = US $4,407

The cost of the mfra-red thermometer WIth the temperature range from 700 to 1,200oC WIth takmg
mto conSIderatIOn the transportatIOn and other costs IS US $3,000

The SImple payback penod $3,000 $4,407 = 0 7 yr == 8 months
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US $1,570

CalculatIOn ofthe expected fuel savmg

Suggested eqUIpment and ItS cost

It IS proposed to mstall a steam trappIng assembly wIth a floatIng steam trap As It IS known from
practIce, tills measure WIll Increase the effiCIency ofoperatIng the heater by 10 to 15 per cent

US $160
US $100

US $1,150

US $160

InstallatIon of a steam trap on the heater m the heat supply system

The total cost of the eqUIpment WIth takmg mto account a 30-% addItIon for the transportatIOn
servIces, msurance and other addItIons

US $1,570 1 3 = US $2,041
Costs ofthe InstallatIOn works (It IS set as 30 per cent of the eqUIpment cost)

US $1,570 03 = US $ 471
Total cost US $2,041 + US $471 = US $2,512
The SImple payback penod US $2,512 US $2,790 = 0 9 yr == 11 months

The steam trappmg assembly mcludmg the follOWIng eqUIpment (Splrax Sarco)

• DN 50 Splrax Sarco FT 43 - 10 TV Steam Trap
Flanged BS 4504, PN 16, Cast Iron

• DN 50 Splrax Sarco FIg, 33, Stramer,
Flanged BS 4504, PN 16 WIth stamless screen 08 mm perforatIOn -

• DN 50 Spirax Sarco DCV wafer Check valve,
Stamless steel to fit between BS 4504 flanged

• Spares
TOTAL

ECO - 05

In the energy balance of the bOller-house the heatmg system consumes about 40 per cent of the gas
consumed by the boIler-house The steam and water heater m the water delIvery system has no steam
trap, whIch sIgmficantly detenorates the effiCIency of operatIon of the heater and results m steam
flashmg wIth the condensate and Its further secondary bOllmg

I Improvement of the heater effiCIency (set) 10%
2 Annual gas consumptIOn at the bOller-house

(estImated on the baSIS of the data after workmg dunng 10 months
m 1997) 840 thousand m3

3 The share of gas consumptIOn for the heatmg system
( accordmg to the energy balance for 1997) 40%

4 Annual gas consumptIOn for heatmg
840 0 4 = 336,000 m3

5 Annual gas savmg
336 0 1 =33,600 m3

6 Annual costs savmg
33,600 m3 $83 = US $2,790

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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ECO-06 InstallatIOn of a steam trap on the heater m the hot water supply system

CalculatIOn of the expected fuel savmg

1 Improvement of the heater efficIency (set)
2 Annual gas consumptIOn for hot water supply system

840 02= 168,000 m3
,

10%

where 840,000 m3 -the annual gas consumptIon by the botler-house,
o2 - the share m the gas consumptIOn for the hot water supply hne due to the energy
balance of the plant for 1997

3 Annual gas savmg 168 01 = 16,800 m3

4 Costs decreasmg 16,800 m3 $83 = US $1,395

Suggested eqUIpment and Its cost

The steam trappmg assembly mc1udmg the followmg eqUIpment (Splrax Sarco)

•

•

•

•

•

DN Sprrax Sarco FT 14 - 10 TV Steam Trap
Flanged BS 4504, PN 16, sa Iron
DN 25 Splrax Sarco FIg 33, Stramer,
Flanged BS 4504, PN 16
WIth stamless screen 0 8 mm perforatIOn
Splrax Sarco DCV wafer Check valve,
Stamless steel to fit between BS 4504 flanged
Spares
TOTAL

US $440

US $110

US 90
US $50

US $690

The total cost of the eqUIpment WIth takmg mto account a 30-% addItIon for the transportatIOn
servtces, msurance and other addItIons

US $690 1 3 = US $897
The mstallatIOn works costs (set as 30 per cent of the eqUIpment cost)

US $690 0 3 = US $207
Total costs US $897 + US $207 = US $1,104
The SImple payback penod US $1,104 US $1,395 = 0 8 yr == 10 months
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CalculatIOn of expected fuel savmg

It IS ImpOSSIble to proVIde an even aIr and gas dlstnbutIOn m regard of the kIln SIdes, as there are no
controllmg valves and mstruments for checking m the Jomt aIr and gas ducts

As It was shown from the expenence of the practIcal adjustment works, the proposed measures WIll
allow to optImIze the load of the burners, control theIr adjustment, create condItIOns for settmg the
temperature and aIr dynamIC modes both dunng the finng process, and m the penods of "pushmg
out/pullIng" the bnck cars The expected decrease of the speCIfic gas consumptIOn per 1,000 bncks IS
7 to 8 per cent

It does not seem pOSSIble to control the optImal kIln operatIOn mode, to carry out analySIS and to
detenmne the cause of the low operatIon effiCIency of the kilns, whIch IS accounted for by a complete
lack of mstruments for checkmg the pressure of the gas and aIr commg to the both SIdes of the finng
zone, and to each burner The operatIOn mode of the burners IS assessed VIsually, the optImal gas-to
aIr ratio IS not fixed by the readmgs from mstruments

InstallatIOn ofmstruments for the kiln operatIOn mode adjUstment and control

1 Decrease of the speCIfic gas consumptIon
for finng 1,000 bncks (set) 75%

2 Average annual gas consumptIOn
(on the data for 1997) 210 m311,000 bncks

3 Gas savmg per 1,000 bncks
210 0075 = 15 75 m311,000 bncks

4 24-hour productIVIty of the kIln
(15 cars WIth 2,500 bncks each) 37,500 bncks

5 Annual gas savmg (365 days)
37,500 bncks 1575 m3/1,00 bncks 365 =215,600 m3

6 Cost savmg
215,600 m3 $83 = US $17,795

ECO - 07

It IS proposed to mstall on each burner and m the Jomt aIr-and-gas ducts from both SIdes of the kIln
mstruments for controllmg the aIr and gas pressure (correspondmgly from 0 to 0 6 barg and from 0 to
300 mm H20) and controllIng valves m the dlstnbutmg aIr ducts from both SIdes m the finng zone At
the same tIme there IS proposed to mstall from the both SIdes of the kIln mstruments for controllmg
the low pressure - the pressure along the axIS of the tunnel - to optImIze the aIr dynamIC mode of the
kIln operatIOn, as well as to mstall thennometers for controllIng the temperature of the sucked out
gases and aIr

In the kilns there are burnt about 82 per cent of the natural gas consumed by the enterpnse per year,
whIch means 88 9 mIllIon m3 costmg US $739,000 The operatIOn mode of the kilns IS charactenzed
by a hIgh speCIfic gas consumptIOn for finng 1,000 bncks and ItS SIgnIficant vanatIOn m a WIde range
from 170 to 240 m311,000 bncks Varymg of the charactenstIcs for KIlns #2 and #5 IS very large - ±18
per cent of the average value

-

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Suggested eqUIpment and ItS cost

• Pressure gauges WIth a SIphon and a crane,
oto 0 6 barg, dIameter of 100 mm

• Draught gauge
WIth the range of 0 to 2 5 kPa

24 umts $80 = US $1,920

24 umts $50 = US $1,200
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4 umts $150 = US $600
1 urnt $700 = US $700
2 umts $500 = US $1,000

10 umts $50 = US $500

I
I
I
I

US $5,920
The total cost of the eqUIpment takmg mto account a 30-% addmg for the transportatIOn servIces, I
msurance and others

US $5,920 1 3 = US $7,696 I
The cost ofthe mstallatIOn works (set as 30 per cent of the eqUIpment cost)

US $7,696 03 = US $2,309
The cost of adJustmg for settmg the optImal operatIon mode of the kIln (set, wIth takIng mto account I
the VAT, as 20%) - US $6,000
The total costs US $7,696 + US $2,309 + US $6,000 = US $16,005

• Draught gauge
wIth the range of+125 to -12 5 mm H20

• Chromel - mckel thermometers
the length IS 1,000 mm (0 to 600°C)

• KSP-type automatIc multI-pomt potentIOmeter -
• AIr dampers, dIameter of350 mm

TOTAL

The sImple payback penod US $16,005 US $17,895 = 0 9 yr == 11 months
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The SImple payback penod US $1,000 US $2,560 = 0 4 yr == 5 months

The cost of the portable mstruments "2000A Wattprobe" and "Power Factor Meter, TIP 2300" WIth
takmg mto account the transportatIOn cost and other costs - US $1,000

The mstalled capacIty of the electnc motors for fans at KIln #5 IS 103 kW, that at KIln # 3 IS 77 kW
ThIS IS on condItIOn that the kilns have the same techmcal charactenstics The measurements carned
out dunng the energy audIt by means of a clamp-on dIgItal watt-meter showed that the real load of the
electnc motors IS 50 to 80 per cent of the mstalled power

It IS proposed to use at the enterpnse a set of portable electnc motors power meters - clamp on dIgItal
watt-meters - and a power factor meter The proposed measures WIll enable to carry out withm 1 to 2
months momtonng of the real loadmg of the electnc motors, to analyze the effiCIency and to make a
plan oftheir replacement WIth more powerful ones WIth a hIgher effiCIency The electnc power savmg
after ImplementatIOn of the measure IS not less than 1 per cent every year

6,400,000 kW h

US $004

1%

Momtonng and optimIzatIOn of the electnc motors capacItyECO - 08

CalculatIOn of expected electnc power savmg

Suggested eqUIpment and ItS cost

The bnck productIOn hne, basalt productIOn hme and the bOller-house consume 65 per cent of the
e1ectnc power, consumed annually by the enterpnse, WhICh IS about 6,400,000 kW h and costs
US $255,400 The mam power consummg eqUIpment IS electnc dnves for the mduced draught fans,
fans, pumps WhIle the enterpnse has been operated for a long time (more than 40 years), the faIled
electnc motors were replaced WIth no takmg mto consIderatIOn the mmimum reqUIred power
capacIty Even for the sImIlar eqUIpment there use operated electnc motors of dIfferent capacIty that IS
more times hIgher than the reqUIred one

1 Electnc power savmg (set)
2 Annual electnc power consumptIOn

by dnves (accordmg to the balance)
3 Expected annual electnc power savmg

6,400,000 kW hOI = 64,000 kW h
4 1 kWh costs
5 Cost savmg

64,000 kW h x US $004 =US $2,560

I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
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ThIS speaks ofa faIlure of the hnmg and of mereased heat losses mto the enVIronment

In some zones of the kilns the wall temperature achIeved 190 to 207°C

KIln #1 - 109°C
KIln #2 - l300C
Kiln #5 - 122°C

The measurements of the temperature of the external surface of the tunnel kIlnS #1, #2 and #5 carned
out m the course of the energy audIt m the locatIOn of the burners showed that the average
temperature ofthe wall was as follows

I
I
I
I
I
I
I
I

8,000 kcaVm3

210 m3/1,000 bncks

1,603 W/m3

Momtonng the kiln hmng condItions

Calculation of the losses mto the enVIronment

• Heat stream by emlttmg through the hmng
(from a reference table)

• The area ofthe cross-sectIOn of the emISSIon
m the finng zone
33 m 2 1m = 66 m2

• Energy losses dunng 24 hours
66 m2 1,603 W/m2 24 = 2,539 kW = 254 MW

• Heat losses dunng 24 hours (1 MW = 0 86 Gcal)
2 54 MW 0 86 = 2 2 Geal

• SpecIfic gas consumptIOn per 1,000 bncks
(actual data for 1997)

• Gas consumptIOn by the kiln dunng 24 hours
37,500 bncks 210 m3/1,000 bncks = 7,875 m3

• Gas calonfic value
• QuantIty of the heat brought mto the kIln by the fuel

7,875 m3 8,000 kcaVm3 = 63 106 kcal = 63 Gcal
• The percentage of the losses mto the envIronment

(22 63) 100=35%

ECO - 09

There are no measurements of the lmmg temperature at the faclhty, so, due to absence ofmformatIOn,
fulfilment m due time ofrepamng and restoration of the lmmg m the areas of the mcreased losses IS
not paid suffiCIent attentIOn to

It IS proposed to mtroduce mto practice at the faclhty usmg a Raynger ST6 portable mfra-red
thermometer ThIS WIll enable to arrange at the enterpnse a regular control (one or two times a day) of
the temperature of the external surfaces of the hmngs of the kIlns, lmmgs of the gas ducts and steam
ducts, as well as to Identify the faIled areas and fulfil m due time theIr repamng The results of the
carned out measurements should be taken mto conSIderatIOn when makmg the schedule of the kiln
repair works

EhmmatIOn of the mereased temperatures m the finng zone by repamng the lmmg of the burners WIll
enable to decrease the losses mto the enVIronment and Improve the effiCIency of the kilns by 0 3 to
o5 per cent and, m the future to keep the heat losses m to the enVIronment on the mmlmum level
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The cost of a MIKRON M90-B"-type portable Infrared thermometer, WIth takIng Into account the
transportatIOn cost and other costs US $1,000
The cost of the repaIr works (set) US $2,000
The total cost US $1,000 + US $2,000 =US $3,000

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
i
I
•

Calculation of expected fuel saVIng

1 Improvement ofthe kiln effiCIency (set)
2 KIln production capacIty dunng 24 hours
3 Average specIfic gas consumptIOn per 1,000 bncks
4 Annual gas consumptIOn by a kiln (365 days)

37,500 bncks 210 m3/1,000 bncks 365 =2,874,000 m3

5 Expected annual gas savmg at one kIln
2,874,000 m3 0004 = 11,500 m3

6 Average number of the annually operated kilns
7, Tot,,' ""v...,,,,,,..t,,,,r! <>1'",>",,1 g"" ",." ~ .....

.L "u..L 'w'n..}''-''''"'"......u a.a.ll.u....a~ a.~ ~a v 1.1l5

11,500 m3 4 = 46,000 m3

8 ',000 m3 of gas cost US $83
9 Cost savmg

46,000 m3 $83 = US $3,818

Suggested eqUIpment and Its cost

The sImple payback penod US $3,000 US $3,818 =08 yr == 10 months
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ECO - 10 InstallatIOn of the valve controllmg temperature on the steam and water heater In the hot
water supply system

It IS proposed to mstall m the steam duct to the heater a "dIrect activatIOn" valve for automabcal
keepmg the temperature of the hot water As It IS known from expenence, ImplementatIOn of thIS
measure WIll gIve steam savmg of not worse than 10 per cent

The steam and water heater In the hot water supply system IS deSIgned to heat water to the
temperature of 60 to 65°C The operatIOn mode IS 24 hours a day all the year round The load depends
on the consumptIOn Penodlcal controlhng of the steam consumptIOn IS performed manually

CalculatIOn of expected fuel savmg

1 Steam consumptIOn savmg (set)
2 The percentage of the annual gas consumptIOn

by the hot water heater (due to the energy balance) 
3 Annual gas consumption by the botler-house
4 Annual gas savmg

840,000 m3 02 01 = 16,800 m3

5 Cost savIng
16,800 m3 $83 = US $1,395

Suggested eqUIpment and Its cost

10%

20%
840,000m3

I
I
I
I
I
I
I
I

• "DIrect effect" valve DN 40 flanged BS 4504 Splrax Sarco KA33,
Cast Iron, Normally open

• Splrax SarcO 121 Control System temperature range
2 (40 - 105°C), havmg 2 m capIllary and stamless steel pocket

• Trappmg filter, DN 40 Splrax Sarco, FIg 33,
Stramer, flanged BS 4504, PN 16

TOTAL

US $325

US $615

US $120

The total cost of the eqUIpment WIth takmg Into account the transportatIOn costs, Insurance cost and
other ones US $1,060 1 3 = US $1,378
The cost of the mstallatIOn works (set as 30 per cent of the eqUIpment cost)

US $1,060 03 =US $318
The total cost US $1,3178 +US $318 = US $1,696

The SImple payback penod US $1,696 US $1,395 = 1 2 yr == 15 months
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ECO -11 InstallatIOn ofvanable speed dnves for the exhaust fan and the fan for
DKVR-I0/13 bOIler

The actual load of the bOIler vanes between 2 0 and 6 0 tons per hour, or It IS 15 to 40 % of the
maXImum load The aIr pressure and the low pressure m the furnace IS controlled manually by
adJustmg the pOSItIOns of the gUIders of the fan system The overconsumptIOn of the electnc power IS
about 22 kW h

In the bOller-house two steam bOIlers ofDKVR-10/13-type are mstalled The maXImum deSIgned load
of the bOIler shall be 15 tons of steam per hour The bOIler IS eqUIpped WIth a DN-l O-type of mduced
draught fan and a VD-IO blowmg fan WIth the capacIty of the electnc motors of22 kW each and WIth
the speed of 1,500 revolutIons per mmute

It IS proposed to mstall at the bOIler a vaned-speed dnve for the mduced draught fan and for the fan
WIth mstallatIOn at the same tIme of a pressure and low pressure sensor for automatIc keepmg the
reqUIred parameters ThIS measure WIll enable to decrease the consumed power by 50 per cent and
decrease the total cost of the electnc power by 5 per cent by mtroducmg automatIc controllmg

CalculatIOn of expected fuel savmg

22kW
5%
8,000

US $3,950
US $300

US $4,250
The cost of the mstallatIOn works (20 per cent of the eqUIpment cost)

US $4,250 0 2 = US $850
The total cost per dnve

US $4,250 + US $850 = US $5,100
The total cost of two dnves

US $5,100 2 = US $10,200

• REN 22-type controlled dnve, capaCIty 22 kW,
WIth takmg mto account the servIces of deSIgnIng
the pro]ects and the servIce maintenance
(Kharkiv CIty, Ukrame)
• Pressure sensor and low pressure sensor

TOTAL cost of the eqUIpment _

1 Decrease of the consumed power
(due to the results ofthe measurements
and analySIS ofthe air dynamIC
charactenstlcs ofthe exhaust fan and ofthe fan)

2 Improvement ofthe power capaCIty factor (automatIc control)
3 Number of the annual bOIler operatIOn hours (set)
4 Annual electnc power savmg

22 kW 8,000 1 05 = 184,800 kW
5 1 kW h of the electnc power costs US $004
6 Cost savmg

184,800 kW US $004 = US $7,392

Suggested eqUIpment and ItS cost

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The SImple payback penod US $10,200 US $7,392 = 1 4 yr == 17 months
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APPENDIX B SPECIFICATIONS FOR THE REQUIRED EQUIPMENT
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Measurement CapaCIty
CalculatIOn CapaCity

combustIon analysIs, determmatIOn of the combustIOn efficiency

0z, CO, NOz, SOz, Temperature
CombustIOn efficiency
COz concentratIOn
Excess air ratIo
12-mch and 48 mch
Thermal pnnter m urnt
Rechargeable battery (220 V / 50 Hz)

ECO-02

DesIgnatIOn

Probes
Output
Power supply

Portable CombustIOn Analyzer 1 umt
I
I
I

Model ENERAC 2000 from Energy Efficlency Systems, Inc or an eqUivalent

ApproXImate cost US $6,000

Energy Efficlency Systems. Inc
1300 Shames Dnve, Westbury, NX 11590, USA

Fax (516) 997-2129

or

Bacharach
625 Alpha Dnve

Pittsburg, PA 15238, USA
Fax (412) 963-2640

or

Cosa Instrument Corporatzon
55 Oak Street

Norwood, NJ 07648, USA
Fax (201) 767-6804
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DestmatlOn detectIOn of the natural and compressed aIr leaks m flange connectors, fittmgs,
processmg eqUipment

Model EPD-500S kit from EPD, or an eqUivalent

Power source A storage battery
220 V / 50 Hz rechargeable battery pack

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ECO-03

ApprOXImate cost

Portable Ultrasound Leak Detector

US $1,500

EPD
14 Hayes Street, Elmford
New York 10523, USA

Fax (914) 347-2181

or

Superior Szgnal Company, Inc
PO Box 96 Spotswood, NY08884, USA

Tel (908) 251-0800
Fax (908) 251-9442

or

DaV1S Instruments
4701 Mount Hope Dnve

DaltImore, MD 21215, USA
Fax (410) 358-0252
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Portable Thermometer for Non-Contact Temperature Measurement -

ECOs - 04, 10

DestmatlOn

Range
Accuracy
ResolutIOn
Power supply
Warranty
OptIOn
Warranty

1 umt

measunng the bnck temperature m the kiln, the external temperature ofthe
msulatIOn of the stream and hot water pIpe ducts, that of the electnc contacts

oto 1,000 °c
± 0 5 % ofthe full scale
1°C
A battery
3 years
220-V rechargeable battery pack
2 to 3 years

I
I
I
I
I
I

Model DNS - 26XL1 Wahl Brand Infra-red Thermometer from Wahl Instruments, Inc, or an
eqUIvalent

ApproxImate cost US $3,650

Wahl Instruments. Inc
5750 Hannum Ave, Culver CIty

CA 90231, USA
Fax (310) 670-2840

or

DaVIS Inslrumems
4701 Mount Hope Dnve

Dalt1more, MD 21215, USA
Fax (410) 358-0252

or

HTermoprylad"
3 Naykova Street

LVIV, 290053, Ukrame
Fax (0322) 63-13-61
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1 Float steam trap wIth an mternal thermostatic air vent - 1 umt

4 Spare Parts
• Complete set of gaskets for the steam trap and stramer
• Stramer screen, 0 8 perforatIOn

Models from Spzrax Sarco
- DN50 FT43 - 4 5TV Float Trap, flanged BS4504 PNl6 wIth a thermostatIc aIr, or an

eqUivalent
- DN50 FIg 33 Stramer, flanged BS5404 PNI6, or an eqUIvalent
- DNSO DCV2 Wafer Check Valve for fittmg between BS4S04 PN16 flanged, or an

eqUIvalent

removal ofcondensate from the steam and water tube heat exchanger

I umt

43 pSIg (3 barg)
14 pSIg (1 barg)
6,000 Ib/h (2,700 kg/h)
3
PN16 Flange
honzontal
Iron, steel

Due to the steam trap diameter
PN16 Flange
Stamless steel, 0 8 mm perforatIOn
honzontal
Iron, steel

Due to the steam trap dIameter
PN16 Flange
steel

2 umts
Due to the dIameter of the steam trap
Iron
bellows type

Steam Trap Assembly

• Inlet steam pressure (operation pressure)

• Return hne pressure
• Enter condensate load
• Safety factor
• Type of connectIOn
• Flow dIrectIOn

• Matenal

5 Stop valve -

• DIameter
• Matenal
• Sealmg

ECO-05

3 Check valve - 1 umt

• DIameter
• ConnectIOn
• Matenal

2 Stramer - 1 umt

• DIameter
• Type of connectIOn
• Screen
• Flow dIrectIOn
• Matenal

Destmatwn

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Model DN50 A2-type bellows sealed stop valve, flanged BS4504 PN16, or an eqUIvalent

ApproXImate cost ofthe assembly US $2,435

Smrax Sarco, Inc
POBOX 119 Allentown, PA 18105, USA

Fax (610) 433-1346

or
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Armstrong InternatlOnal. Inc
816 Maple Street, P 0408, Three RIvers, MIchIgan 49093, USA

Fax (616) 278-6555

or

Instztute for Technzcal Heat Engzneerzng
wIthm NatlOnal Academy ofSczences ofUkrazne

2-A Zhyhabov Street, KylV, 252057, Ukrame
Fax (044) 446-60-91

or

Jomt Stock Venture Krolzvets Fzttzng Plant
25 Franko Street, Krohvets Town
Sumy RegIOn, 245060, Ukrame
Fax (05453) 9-71-04, 9-58-92

or

Jomt Stock Venture Slavhorod Fzttzng Plant
Slavhorod Town,

Dnepropetrovsk RegIOn, Smelmkovo DIstnct
323130, Ukrame
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54

or

1 Float steam trap wIth an mternal thermostatIc aIr vent - 1 umt

ApprOXImate cost of the assembly US $1,940

1 umt

43 pSIg (3 barg)
14 pSIg (1 barg)
6,000 lb/h (2,700 kg/h)
3
PN16 Flange
honzontal
Iron, steel

Due to the steam trap dIameter
PN16Flange

steel

Due to the steam trap dIameter
PN16 Flange
stamless steel, 0 8 mm perforatIOn
honzontal
Iron, steel

2umts
Due to the dIameter of the steam trap
Iron
bellows type

Steam Trap Assembly

removal ofcondensate from the steam and water tube heat exchanger

DN40 A2-type bellows sealed stop valve, flanged BS4504 PNI6, or an eqUIvalent

• Inlet steam pressure (operatIOn pressure)
• Return hne pressure
• Enter condensate load
• Safety factor
• Type ofconnectIOn
• Flow dIrectIOn
• Matenal

ECO - 06

5 Stop valve

• DIameter
• Matenal
• Sealmg

3 Check valve - 1 umt

• DIameter
• Type of connectIOn
• Matenal

Spzrox Sarco. Inc
POBOX 119 Allentown, PA 18105, USA

Fax (610) 433-1346

4 Spare Parts
• Complete set of gaskets for the steam trap and stramer
• Stramer screen, 0 8 perforatIOn

2 Stramer - 1 urnt

• DIameter
• Type of connectIOn
• Screen
• Flow dIrectIOn
• Matenal

DestinatIOn

Model

Models from Spzrax Sarco
- DN40 FT43 - 4 5TV Float Trap, flanged BS4504 PN16 WIth a thermostatIc aIr, or an

eqUIvalent
- DN40 FIg 33 Stramer, flanged BS5404 PNI6, or an eqUIvalent
- DN40 DCV2 Wafer Check Valve for fittmg between BS4504 PN16 flanged, or an

eqUIvalent

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Armstrong Internatzonal, Inc
816 Maple Street, P 0 408, Three RIvers

Michigan 49093, USA
Fax (616) 278-6555

or

Instztute for TechnIcal Heat Engmeerzng
wlthm NatlOnal Academy ofSczences ofUkrame

2-A Zhyhabov Street, KyIV, 252057, Ukrame
Fax (044) 446-60-91

or

Jomt Stock Venture Krolzvets Fzttmg Plant
25 Franko Street, Krohvets Town
Sumy RegIOn, 245060, Ukrame
Fax (05453) 9-71-04, 9-58-92

or

Jomt Stock Venture Slavhorod Fzttmg Plant
Slavhorod Town,

Dnepropetrovsk Region, Smelmkovo DiStrIct
323130, Ukrame
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ECO-07

Models from Davzs Instruments
- 1490 Model, 2 1//, DIal, or an eqUIvalent
- 2300 Model, 2302 Range Zero Center, or an eqUIvalent
- Models 1211-12, 1211-24 or an eqUIvalent

Open Jomt Stock Company Orgenerhoavtomatzka
19 Druzhby Narodov Street

KyIV, 252042, Ukrame
Tel (044) 269-56-73

56

5 umts

24umts

8 umts
2 umts

2 umts
2 unIts

or

Davzs Instruments
4701 Mount Hope Dnve

DaltImore, MD 21215, USA
Fax (410) 358-0252

or

US $2,700

Open Jomt Stock Company Promprylad
23 AcademIcIan Sakharov Street

Ivano-Frankovsk,284000, UkraIne
Fax (03422) 3-22-05

Instruments for Pressure Measurements

Instruments for Temperature Measurements

measurements of temperature of the kIln outlet exhaust gases

control of the parameters of the natural gas and aIr m the kIln

1 TXA Thermoelectnc converter wIth the protective fittmg -
Range 0 to 600°C
Length 400 to 500 mm

Destmatzon

ApproXImate cost of the order

2 DIfferentIal low-pressure gauge (round)
Ranges -6 5 to +6 5 kgfi'm2

-25 to +25 kgfi'm2

3 Roll-up "D"-type tube lIqUId manometer
Range -150to+150mmH20

-250 to +250 mm H20

1 low-pressure commercIal gauge
Range 0 to 2 5 kPa

4 Ball Valve, threaded, ';4" (for manometers)

DestmatlOn

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



2 PotentIOmeter automaticaI, registenng, multIport 
Temperature measurement capacIty
Measurement channels

1 umt
oto 600°C
6

3 Compensatmg WIre, Chromel - Alumel 150 runmng meters

ApprOXImate pnce ofthe order US $1,255

ControlllD2 eqUIpment

Destmatwn controllmg the flow rate of the gas and aIr supplIed to the kIln burners

Open Jomt Stock Company Orgenerhoavromatlka
19 Druzhby Narodov Street

KyIv, 252042, Ukrame
Fax (044) 269-24-84

or

or

57

I
I
I
I
I
I
I
I
I
I
I
I
I
I

2 umts

2 umts

US $2,960

Jomt Stock Company Ukrwt!oservlce
10 Vorovsky, Donetsk,

340045, Ukrame
Fax (0622) 66-51-68

Energlya
35 ZabOlshchtki Prospekt, EnakIyevo-6

Donetsk RegIon, 343820, Ukrame
Tel/fax (06252) 2-67-60

ApproXImate cost ofthe order

I Rotatmg gas damper WIth MEO-IO-25 Electnc Actuator
Tube dIameter - DN 150
Gas pressure - 0 3 barg

2 Rotatmg atr damper wIth MEO-I 0-25 Electnc Actuator
AIr duct dIameter 400 rom
AIr pressure 250 rom H20



382090 Clamp-On Power Meter, from DavIs Instruments, or an eqUIvalent

measurements of the power parameters for electnc motors

Portable Dl~ltal Clamp-on Power Datalo2~er

Measurement CapacIty

1 umt

up to 1,000 kW
up to 1,000 kVA
03 to 1
100A
750V
1,000 A
1,000 A
750V
1,000 V

DaVIs Instruments
4701 Mount Hope Dnve

Daltlmore, MD 212215, USA
Fax (410) 358-0252

58

or

TIF Instruments. Inc
9101 N W 7th Avenue

MIamI, Flonda, 33150, USA

True Power
Apparent Power
Power Factor
Peak Current
Peak Voltage
AC Current (40 to 400 Hz)
DC Current
AC Voltage (40 to 400 Hz) 
DC Voltage

US $680

ECO-08

ApproxImate cost

Destmatzon

Model

I
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ECO - 09

Self-ActlD~ Temperature Control System 1 system

Destmatwn temperature control behmd the steam-and-water tube heat exchanger

or

59

Smrax Sarco. Inc
POBOX 119, Allentown

PA 18105, USA
Fax (610) 433-1346

Armstrong InternatIOnal. Inc
816 Maple Street, P 0 408
Three RIvers, MIcruganm

49093, USA
Fax (616) 278-6555

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1 umt

2 umts

saturated steam
43 to 57 pSIg (3 to 4 barg)
4 pSIg (0 3 barg)
1,100 Ib/h (500 kg/h)
PN16 Flange
Iron, steel
honzontal,

due to the valve dIameter
PN16 Flange
stamless steel, 0 8 perforatIOn
honzontal
Iron, steel

water
43 to 70 pSIg (3 to 5 barg)
50 to 70 DC

1 umt

1 Self-Active Control Valve, normally opened - 1 umt

• Coolant
• Inlet pressure
• DIfferentIal pressure on the valve
• Steam flow rate
• Type of connection
• Matenal
• Flow dIrectIOn

2 Sensor /controller -
• Heated medIUm
• Pressure
• Temperature controllmg range

3 Stramer

• DIameter
• Type of connectIOn
• Screen
• Flow dIrectIOn
• Matenal

4 DIal thermometer WIth a protective pocket
Temperature range 0 to 120 DC
Length 150 mm

5 Stop valves, bellows sealed
Models from Spzrax Sarco

DN40 KA33 flanged BS4504 PNI6, normally opened, or an eqUIvalent
121 Control System range 2 (40 to 105DC), or an eqUIvalent
DN40 FIg 33 Stramer, flanged BS4504, PNI6, or an eqUIvalent
DIal thermometer, 0 to 120 DC, or an eqUIvalent
DN40 A2 bellows sealed stop valve, flanged BS 4504 PNI6, or an eqUIvalent

ApproXImate cost of the system US $1,900



Sapfir 22DIVVacuum Transformer

Destmatwn automatic control of the vacuum condItions m the bOller furnace by varymg the
exhaust fan rotatlOn speed

REN-22 from Energozberzhannza Consortzum, or an eqUivalent

Power capacIty of an mstalled motor for 22kW
22kW
380V
50Hz
1,500 rev /mm/

2Umts

an exhaust fan 
an air vent

4to 20mA
oto 10 kgf/cm2

60

or

or

Enerhozberezhennza
37 Inskrmskaya, Kharklv

310005, Ukrame
Fax (0572) 44-01-43

US $7,650

ELMASH Research & Production Company
withm ABB- Ukrazne
KyIV CIty, Ukrame

Tel (044) 441-26-66
Fax (044) 419-85-33

Variable-Speed Drive

US $580

control of the rotatIOn speed of the boller exhaust fan and aIr 'Vent

Open Company Fundament Ltd! withm TRIOL CorporatIOn
2 Sumska Street, Kharkiv

310057, Ukrame
Fax (0572) 12-46-53, 12-72-07

ApproxImate cost of the order

ApproXImate cost

Output controllmg sIgnal
Vacuum range

3-Phase power supply voltage
Frequency
Electnc motor speed
Turn-out order fulfilment

ECO-ll

Destmatrolt

Model

I
I
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I
T:~4:S

Dri:=:
15 05 ::::9
11/1 S/ 9'""

I
I
I
I
I
I

C8 SUSTI8l'J E??ICIEl\JC'i
H~A3 :E'lT TE:""P8ATUP.C'
S:-..,:>' :-E1Y1?ERPTUP.1=
-::: ::E'l
C~::'?,: 1\1 1"18 !'~::: x.' IDE
C;'-:>3:'j DI~XIDE

C:~15USTIBLE GASES
2:":?-.S< DRAFT (I NC..ES fJ2C
E CESS AI"R
.:: '-:JES or "unOGE'I/
S!Ii......=LP DI:)>:IJE
CPO?.5C N i"'C Nv;< IDE AI..?t l::..""

The MaUl parameters after the boIler

rot:;: ....
~'*~ ....

14 °c
....6 °C
':l ~

~/

~ - *.... rot,.. J"'1G:vJ.:::. ....
:aJ. 3 *~

0.80 %
1 a
.6 ... ,~

? ""Gi"'l
~ MGi"'1

50 PPM
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I
I

3E?:H~ ~ 11J03519
=NERAC M~DEL 2000

c:::""r;USTI:::N 7ES":' P.EC::>='2)

15 16 24
1t/1S/9rot

F _'E:. NATIJD-AL GA3 21370 ETJ/LB

C~t 3USTI81\J E??ICIE'JC'x'
A~~:= TE'IT ~"'PE?-AT1J='.E

s-.:.(> TE~E?A7LP.E

::E'~

> ::3:)~J I"l::: ~J:::'x,. DE
(~;"-::=':N J ': ~IJE
C~"3LS:13L:s GMSE2
S~~~~ DPAF7 (INC~E3 ~2C

E C~2 AI-O
C' -JE3 of NI700GE~

SL?J;;> D1 :::vIDE
CH;;>3CN MCNCXIJc ALAo~

MeDE MGM O>:Y-P~=~~E%

The mam parameters after the econOffilZer

BEST AVAILABLE COpy



Schedulmg the operatIon mode ofDKVR - 10/13 BOller on 11 1997

BESTAVAILABLE COpy

SE=:AL ;::: J. l0035 ...---9
3EE-AL ~ 11003519

E I""JE~_AI::; 1""-1 .:::; :DEL ~ 0 0 121
CC~l,z:-: : ~ :=:27 -="=:::=.:J

--t -= 1.1 <1'3 :'9
ll/~ 3/3.....

I:-: t
S~'S7: 8N E??IC;:E ..leI

~~ ~~ . :=: 'r:- ~F:=?.A:- ,-;:~

2:'- :; :=:"!P:s:.=M:-UP.-=
: ~\j

C~::::::8 ~j "'l::: 'J8 '" ==IE
1':;P.-::3:~J ~DI :x~DE

C:~~U2T:3~ GASE3
S7~C< DPPtFT I ~IG-~ -2':'
:2 c:-~s A~-q

: :JES of Ni~O~E~

21J: -= JP Di :)X IDE
C~-3CN ~ONO~IDE AL~R~

..... 0 'Yy

1 • "i~:....
c~ °C- '3 0"- - )

:-'= f"1C~1

1:1.. "~- uO ;;"-
G c=

...J

'<"1'" %
:: ~"'G'~

0 f"ll:':vl
5~ ~?1\4

I
Mode#1 OperatIon mode The aIr pressure after the fan IS 20 to 22 kg/m2 I

....... - r= .I.e. 5t1 22
.. - / _3,. 3'"

I
I
I
I
I
I
I

76 6 •>

S ;)1:-
. -~ 0("

-1. >,.

~ "'G""....- , ~-''-

-c.

'='0 "C"1
J /"'G"rl

sa pIfl"1

1. 'J(;-=:3
,.. -
- >-

cr
3L'S7:2~J E?? .. :::E"JC"

A"t := ... :="'J":" ~"J1?~.etitJoE

2'""-:;.... :=:"".PE..':j~:- JP,E
~E\j

C;..::~,: III I >.01::: 'J: v :=:
<::--:=:'\1 = :"<_=E
"

=<l~S
: < :,~
-I' - .:=;------
'::-;'E3(; 11

Mode #2 Decreasmg the arr pressure after the fan to 10 to 12 kg/m-
I
I
I

"I
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Schedulmg the operatIon mode m KIlns #2 and #5 on 11 21 97

SE==AL ~ 11003519
3~!AL # 11008519

ENERAC MODEL 2000
C:)MBUST:CN TEST RECO?..:)

T:t'"E .. e ~q ~3

D~TE 1../.21/9-7

F,-~ ~JhT~AL G;.3 213r-g 37U/:..B

C.... t'31'STlm l E.."'r:CIE"JCY 64 8 ~

rir:="E~T 1"2'1PE?PTUHE 3 00 c:;
S'"'"-'.:::X TEIvt.pE?.ATU;l.E c .... °Cu_
"\ rGE'\j 19 ~,

'" . ..
C?-':'32N MCNOXIDE c::,.. MGM~-
Cr:.-;::>3~N DICXIDE a1 1 ..,

>

C:"3USTIELE GASES 0 00 %
S~~C~< D:RA?7 ( I'lCwES rl"''' 0 6_oJ

>= ~=c.-o AIR 918 %~ .... _-...J"-'

C ::JES of NIT?CGE"1 9 r"'m~
S ..!:..?~O DIOXIDE 0 :1Gj'tt
C~~:l:N f'tl8NOXIDE ALA.'OM 50 PPM

M"~-= MGM :)XY-P..E?=T=UE%

KIln #2 The parameters after the exhaust fan

S~ ~~ ~ J085l9
3E~lh_ ~ 1.80~519

Fr~ERAC t"-1CDEL 200121
C8 MBUST::)N r-tS7 p.~C:)?~

S:?0 :; I I\JDUST? I A

I
T- \11=: 10 4. 00

11/21/97

I
I
I
I
I
I
I

cr";uST 18 rJ E..-"?: CIE'lCY
~,,::: :=:'IT -s'tlP=:?A7U'qE
2":"-::t "'""EIYJP?;.7lf;:l.E

I 3:=: '!
cr:.-=':3JN "fI8 rJ::'>< ::'E
C;'-3CN DI8>:IDE
cr "3USTIBLE GASES
S~~C~ DRAr~ (!NC,CB ~2~

S-;::=83 HIP
O'T'"}ES of mTRCGE"l
S.L?LJR DIO> IDE
C;''OBON MONOXIDE ALAR~

M0DE MGM OXY-RE?==T?UE%

KIln #5 The parameters after the exhaust fan

BEST AVAILABLE COpy

6 1 7 %
3 Q C:

,.. °c1 '- J..., ....-
~9 ""1G"fI

0. 6
8 0G .

•,.,
1c.

586
.,
/.

14 MG."'1
13 J'r'lGl"1

513 ~p~



DdtJ dft'-l llI'-J~UIlJ1g the temperature ot the cxtclllal wall of kilns #2 and #5 along the aXIS of the burners 1ll the firmg zone
(11 19 97 Inslnlment - MIkron M 90-B)
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APPENDIX D PHOTOGRAPHS OF THE PLANT
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HpneHCICHW 3aBO,ll "ITporpec" A,llMHHHCTpaTMBHoe 3,llamle
Progres Irpm Combmed Faclhty - AdmmlstratIon Buddmg

JKCnepTbI B&R B .newHeKo H .n: KpaMapeHKo npoBO,lllIT aHaJIH3 ,llbIMOBbIX rrooB nocne
o6,KHroBow nelfH npH60poM ENERAK 2000

Mr Deyneko and Mr Kramarenko, B&R experts, ate analyzmg the exhaust gases content
aftel the ktln by means of ENERAC 2000
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ra30Ba~ ropemm 06)Kl1rOBOH ne4l1

A kIln gas burner

Y4eT pacxoJJ.a ra3a Ha 06)I(HroBylO ne4b

Meteung gas flow at a kIln



OeLJb nJIaBJIeHUH 6a3arIbTa

Basalt Meltmg Furnace

t {'J
"''-< r !

Uex npOU3BOJl,CTBa 6a3arIbTOBbIX XOJICTOB

Basalt Wool ProductIOn Umt General vIew
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YCTaHOBKa npOH3BO,UCma 6roaJIbTOBbiX XOJICTOB

Basalt wooI plodactlOn UnIt

ba3aJ1bTOBble XOJlCTbl

Basalt wool



TeJle)KKa 06)I(HrOBOM nellH
Klln bllCk-druck

BhlTlDKHhle BeHTMJHITOPbl CyWHJIhllblX KaMep
Exhaust fans In the drymg chambels
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3.I.cnepT B&R A CI'IJIalnlH npoBo,UHT 3aMep MOLUHOCTH nOTpe6JUleMow 3JIeKTpoJJ.BHraTeJIeM BeHTHJUITOpa

MI A Sylakm, a B&R e"pelt IS measmmg the electllc powel consumption by the fan motOi

31<CnepT B&R B }J;ewllel<o npoBo,UHT H3MepeHH5I nOKa3aTeJleW pe)IWMa ropeHH5I IWTJla npH6opoM ENERAK 2000
Mr V Deyneko B&R e'i.pert, IS measUlmg the bOiler combustIOn mode palametels by ENERAC 2000 II1strument



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

APPENDIX E DATA FROM THE MANUFACTURERS
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Tre Enerac 2000 reorese--;ts a nev ce'leratlon In InteGrated

CCl.':::;LS~ en '7Ianacerner"lt Its Jnlc .....e't"CCUI2.r ceslon~orcvlces

the le\,c1l1t'l'"0 selecr '"he ocnmu1'\l ccmCUSllon analyzer to meeT

every neec ror the qrs;: lme the cacaclIltles or a eomorenerslve

COmbustlon allalvzer can be sxcarCec WIth aad-on communlca

tIcn, environmental (NOX-S02). ana data moaules

All the modules can be purcnasec With the Unit or qUickly flela

Installed wnell neeoed Each IS pr cea we'! Within the buagetarv

authority or most comoustlon managers Enerac 2000 an Inte

gratea combustion management ~ool that Will

ENERAC2000
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COMPRESSED AIR _
It Isn t Free
TRAINING VIDEO

ThiS humorous Video
teaches how to reduce
compressed air waste and
save a plant hundreds of
thousands of dollars a
year In energy bills One
slttmg pays you back.

EPD VT110 $99 00
EPD VT110S·_$99 00

Spamsh

CE

The High Cost of Procrastination
Estimates or 10sSlYear costS at air and Nitrogen have become
sraggenng The cost at savings at the relativelY simple prolect
or repairing leakS are tremenaous

The estimated cost per jear of a1/8 aIr leak IS 52 980 00
If onlv one 1/8 aIr leak was assumed for each of our maIO
plant areas the total annual loss cost vould be approximately
S23 840 00 NItrogen leaks are even more expensive events
One Nitrogen leak of amy 1/16 costs a \/nopplng $10700 00
(est) per annum If \Ie use the air leak scenano for the 1/16"
Nitrogen leak the loss cost \Iould be almost 57500000 A
larger leak sucn as a oroken 1,4 00 IrIstrument IlOe VIII cost a
clam 527000 per daj THATS OVER 590000 00 per year In

Nitrogen ror ONE leak
A Lotal savings at nearlY $100 000 00 annually Just for

repalnng ,ourteen or so small leaKS a fair return There are
likelY more than that wnen one conSiders the total numoer of
posslDle leaK sources tnere are 10 some plants The savings IS
more than surflclent to coyer and definitelY Justltres the cost of
the recalr stat! the detcct on eqUipment all the tools a manlitt
and the matenals needed ta make the repaIrs

Under Lhese circumstances and With the costs mvolvea 10

today s compentlve market a leak detection program must be
an Imceratlve As the program progresses routine leak moO!
tonng could and Should be unaertaken to assure It!al a hlgn
level or line leakage aoes not "gam become a source of loss ,0
the olant

air leaK costS based on 100 cSlg SO 22JMcf 867 hrs.Jyr

Nltroaen leak cos s based on 150 pSlg 50 214/Ccf
8670 hrs/hr

(Inaustry standards ror leakage and nominal area charges for
Nrtrogen Cosr,Cct otten INCRE.~SES vrrh excessive consumpnon)

I
.of. !. -

S 395 00
S 42500
$169500

TOLL FREE 1 800-8928926 USA & Canada" INTL

Ultrasonic Leak Technology
for Energy CcnservatJon,
Safety and Loss Prevention
~ST ,~
• Compressed AIr Leaks • Gas Leaks f ~ ,
• VacuJm Leaks ~f
• Electrical Leaks (such as arcing) ~

• Seals & Gaskets • Heat Exchangers
• Developed by the WorldwIde Leader In

Ultrasonic Instruments
Includes a Video Trammg Program for
Ultrasonrc Leak Detection Technrques

TRY EOD'S UNIQUE
ULTRASONIC TONE TEST

ThiS unique ultrasonic transmitter emirs a powerrul
patented 'varblIng ultrasound Place the Warble Tone
Generator inSide a tank behind a 'vall Window or door
The Intense Signal Will Instantly f100a lhe area WIth
wraSound and seek a pathway of least reSISl3.nce througn
a rOken seal gasket or pm hole Ideal for use wnen con
~ntJonal pressure or vacuum testing IS not pOSSible Must

, Used With EPD 500S
)- EPo WTG1

,,-EPo WTG2SP

EPo saOSTG (Scanner & Tone Generator)
-7 red by one or more of the follOWing patents

6145 EP01S115 502674183

m.~mmi~iiiiiiii

Test pressure or vacuum leaks with the EPD-50DS

By se'1s,'1g the SUD Ie 'llgn freqLe"c J 8"1ISSlOnS at ultrasouna tre PD 600S allows yeu :; cs'ec' leaks In prac'lcally
f' any type of vacuum or pressurized gas system Usmg state aT the art electronics the EPO 50DS converts ultrasonic
"" signals between 20 kHz and 60 kHz into the audible range By scanning arouna susoect areas the sound of a leak will

be heard In headphones and seen as intensity Increments on an analog meter All you need to do IS scan an area and
follow tne leak sounds to the loudest POint It s that simole

Because It IS sensillve to ultrasound the EPO-50DS Will Ignore most amDlent plant nOises making It easy to use
In lOUd plant enVIronments

TESTING FLEXIBILITY
The EPO-50DS senses only the turbulent flow producea bv a leak For this reason It mav De usea to test any type of
gas leak even If Wind IS blowing or If there IS a saturatIon or the gas In an e'lclosed enVIronment

Complete Kit The EPD-5DDS Includes nOise attenuating headohones rUDDer focusing extensIOn recharger (110 or
220V) Video training operation manual carrvlng case and 1 year warranty
EPD SOOS KIT $1495 00
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Heat Spyo Has Superior Accuracy and Target
Resolution. New Optional Laser Aiming Sight.

1-9

*--.... .".. ...._--
~- ~_ ..._--

..... ..-Sot--..c:-- .. _.. -

DHS 26X LCD Display
D~S_2~XT lCDTelescoOlc Slghl
DHS 2~~L1LCD laser S,ghl
OHS 26L1 LED Dlsalay laser SIgn!

Wide Range DHS 26X
o to 2000°F 20 to 1000'C

Our most popular Heal Soy combines
the.:!: 3% accuraCI of lhe OHS 24X wllh a
temperature range SUllable to most general
purpose maintenance and process appilca
lions The DHS 26X lea lures an optional
lelescoplc sigh I as Nell as LEO laser SIght
and FM approved models

3 Year Warranty

,
;;

1-'i1...-_

RESTAVAILABLE COpy

Target

DHS 24X LCD Dlsolay
DHS 24XLt LCD Laser Sight
DHS 24L 1 LED Display Laser Sight

Ultra High Accuracy DHS-24X
o 10 1000 F 20 to 550°C

'{ou can I gel more accuracy or senSitivity
oetween theSe remperature ranges
'3 FI_ 1 SoC to be precise Repeatability IS

a Irght _, FUse lhe DHS 24X to measure
all normal malenals Including glass surfaces
Carbon dIOXide and water vapor won t aHect
readIngs Laser aIming Sight With LEO diS
pial and FM approved models are available

J Year Warranty

FOR HEAT SPY SPECIFICATIONS REFER TO PAGE 29

Telescopic Sight
Laser Sight

DHS lOX

Economy Model DHS-l0X
ato 550°F 20 to 275°C
,fyou can use a Heat Spy quality general
purpose I R thermometer for a low price
select the DHS lOX EmiSSIVIty IS fixed at
95 which IS the most common for general
applications Measure organtc matenals
painted sunaces plastics insulation and
factory machInery (Recorder output and
peak hold not available )

3 Year Warranty

DHS 2BX
DHS 2BXT
OHS 2BXLl

High-Temperature DHS-28X
32 to 2500°F 0 to 1400°C
oNe took our general purpose Heat Spy onp
,tep higher lor those glass gobs heat
'reallng annealing and welding applications
You stili get 3% FS accuracy and 3°F
repeatabilIty Laser aIming sight Optional

At high temperatures you probably won I
get very dose to your target so we recommend
he telescopic sight

3 Year Warranty

~ Enclosed OptIcal Sight
For most apphC3!10ns the standard

~ enClosed optical SIght provloes targ\-'
t1ehnltlon at 4ft and 20 It With parall~,
COrrection

OH5-1 OX Target DIameter vs Distance
Distance (feet) 2 10 20
Target Diameter (Inches) 2 7 I J

Applications

Steam Traps Electrical Busses
Beanng~ Paper PlastIC Rubber
Glass Ceramic Painted Surlaces
Grams Chips Aspnalt Wood
Stacks Furnaces Shells Dies
'-leat Treating Chemical Processes
CirCUit Boards Wave Soldenng
Welding High Voltage Targets
Vlovlng and Rotating Machinery
Distant and Hard to Reach ObJects
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110l<33HUK IUJYWlIfHSl
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IIIPOMETP ~ACTKOBqroBHIlPOMIHlOBAHH.H I
~CMOTPl'JlI-M6n~
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IlpH3Ha'!cHuii JJ)IH. 6eaKOlITUKTIlOrO BHMlpJOBamm Ter-mCpaTypu 06'€KTtB UP"

I
B1JU[pa~BYBaHHJ p13HOMaHlnmX TeXHOJlOn lIHH.X npO,ueClB Ta eKCnpeC-Kompomo
Te"'UIepaTyp" 06JJa~lIaHHH. I I ___
3aLTOCOBYJOTbCa npaKTH'iHO y Bcn: FaJIy3jiX npOMHCJlOBOCTl, a TaKOm B Cl..1b-

C:hKOMY roCfio,lt,apCT!B1 Ta HayKoBHX I,ll,OC.lIl.ll;~elIIDIX.
I10Kaa TeMIIepaTypH Ha TaOJIO n U)I<ppOBOMy BHr..1a,lU

TIlp0701eTp Mncponpo~ecopHHft I j

,l.11Litln3UH tHiJ'1Il-"0UaJ1blU1X 1'C'I1nepaTYP, 'C UI~ M1HYC 35 ~o 1100
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I

Po6o'mu CIleKTp<1JlIJUUlI tI.lana30H, '1KM I Bl'} 8 AO 14

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



0,6 - 1,0

~~~I

T.XHILIHI 8HMOrH j I
1 nJpoMeTp rpyHTyeTbCR Ha KOHCT.-PYKTH8 IH. cxeMoTexHl4HI~ T8 M8TPOIIOrJ4HIH 6a31 arperaTHoro

KOMnlleKTY CTa~loHapHHX",poMe~18AnlP-C (1 4epra) I
1 1 KOMnllel<THICTb (nB-6 + n4.rt-131 8060 n~~-l21)1 yrOl-lHIO£TbCSl npH 38M08lleHHI I
2. CnellIM."1 TOx"lq,,1 ""Mor" " .. nllMeTP I

, I I2 1 rpaAYlOBaJlbtla xapaKTBpl1CTHKa CnSl..\laJIllHa, IH,D,1018l.o.yallbHa
a60 CTaHAaPTHa 3 WHpHHOIO ~lana.30HY (250 - 1000) ·C

22 CneKTpaIlbHI ~lana30HH, MKM I i 0,8 - 1,2, 1,2 - 1,8

2 3 3araJlbHI Alana30HH aWMrplOsaHHx TeMneparyp sl,qnoBIAHo I
.0.0 cneKTpanbHHx Alana30HI15, ·C \ I 800 ·-2500, 250- - 1"300

24 nOKa3HHK SI3Y8aHHSl, B 3a1le)l(HOCTI al,l\ THnopo3Mlpy I
nnn. HH>KHbOi rpaHH~1 BHMlplO5aHHR TB l I
CnOKTpaJ'lt.HOiO A,a.no:)()HY 1/10 - 1/300

2 5 P~a BI,l:\CTaHb cPIKCOBaHB, YT~HIC£Tbl ,
npH 3aM08IleHHI, M I I 0}2 - 20 I

2 6 OCHoBHa nox~6l<a KOMnnel<TY ns-s + n4A-131 a60
nS-6..1.. n4,!J,-121, % I 1

I I
I

~!,!!!!!!!!!~~!!!!!!!!!!!!!!!!!!!!!!!!I~!!!!!!!~!!!!!!!!!!!!!!!!~!!!!!!~!!I!II!!!!!I!l!!!!I!I!!l!!!!!!I!\!!II!!I!!!!!!!!!!!!!!!1
3 nHTaHII npHA6aHH5'I nipoMeTpls :JBepTaTHc~

290053 M AbBIS, ByFl HayKOBa, 3 I
Hao ciepMOnp...lnap.;)I.TeJl 39...Q7-54
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• Display True RMS Volts Amps
Watts MAXIMIN and Average
Jlsclay P'1ase Argle In degrees
ana CosO Wit' Inoue Ive or
eacae"area InCle:: Ion
: arc la\\s ocen to 1 a
,-o'lrl
3...111 n ree: :J9r :a aloes uD ~O

160J reac ngs -
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I "iitntlB PRODUCT INFORMATION
~"..u"11 CURHNT PRICING
l:il~'MND 1· 8 0 0 - :1 6 5 - _0~ ~J

c."'Dq Ilodel F.oqt V,lce,., ~r""ScaI,ilmsl... 0_
.... """,lbl f!'~ il,uqtmlociles II",'es

...... Se<:loa y""", s.a:oa

I{lt Includes
Stamless Steel Ptot
,ube (181
SUiraole for
Temoeratures ,01500 F
Ruober TUDIng Wlrh
Connectors
\lagnec'lo Side
\1ountlngs
'leo Gauge 0,1
: wer Air 'elOc ~{

C",cJla,or
-~eOI Carr,mg Cdsa

Air Velocity and Pressure Meter
-~?11- -'-:-1

11
- 1

I

il
II
t

- II
-:1·~~ji I-.:C--,r

~~11
M ~ i
..-"'~j

~ .&'" I
.r~
~

66

4900

1'0

4800

0,,0

'800

61 CO

5Wl

-300
52.CO

..J 0

19900

Price
;:: a

1.~llb!lFJ1
:;il....~I..-ll
fs,~£ ,

Soale
Length !'nce

5'2 S ZOCO
8 ..4 lZ.CO
, 2 11 a CO
8 \2 130 CO
33. 126 CO
8A loS 1>0
S 13700
13 <llS~

0 1.0 CO

4\Z lZ4CO
n 11 4 Cl)

12100
'118 IZ4CO

agOO

01

OZ
005

OZ

10

01
01

:J2

OZ

:J2

Mmor
Scale ON

od J

• ., ::J Q :) I ,
, I J c; :l) 01 I'
I'll 6 18 00 0 13 17
1211...Jl J t 0 :J' .1 1

211"" J 0" oJ) )

12 1 Z oroO.o 6 32
Zl1 I 0 .0 oOmeO '7

Model Range Mercury
'Metncl eM Req.Or. IWtl
IZII 0 ~ 00ro,,5 II
1211 100 CO-oO to SU 1812
1211 00 '00 In 0to 100 35

~IST iraceaole Cern ,cote
\'IlhOau

50010.6

J'I33Z11

Q,V33219

00 c I 0

rr.1O

u J33Z1Z

oV332J7

o r.:JZIS

Catalog J10del Range Mercury
c.lo""=:--=,..- --c'.:.:.nc::.h:;:es=- q.:::eq Or. IWI I

':..7

DW33218

00 0 I 0

ov:z- 3

J\v:::lZ15

JIST'lM3

051000::0

\JIS-"'I"'raceao e Lerrr1 ate 'VIm Oa.a
0,0 10
03 0

u 0 0

1000t030

10"'0102.0

os

.:om 0102.0

Roll-Up 1JUH Tube
Manometers

Range
In.H 0

':1?~a ~lcl ;:) SUfP laC~1 r .A r1ric n r...1

oras ur 'J"c~ ba c as ur s r'"' "SOd
.CC 1. cLmoe r Jf ~r es Jre olurrn • e's
JO a 1e null' er or nc~e5 ~e 0 1er ralurrn
ra ICIS COl/r "Olls.n nto a crroac Call
anc JC' 5 ~ a I n ,5 Cu ar -etal .se or
.01 DOX 'Jc La loss 10 loose raps or
nsel"'"5 a lose

::

~ "lIC~ aC~/lIc otasOc ooay
s a sOlid bloc < /Irtually
rcraa~aole staate ana
cSc.lutelJ froe ar ~e ~ rca
r IS ortJon

oJ 0 _ores ac_. ate 0:: C2
"re oermaner 'I 00 or Ja~cs
r oo~s VIII ~Ot eqUire
acalioratJon because of
1< c~on

Grouna glaso DLoO e level
,ensltlJe to ,15125 Sec rim 5
, 2 ong x 375 ~lamet9r ana
p oVlacd '11m ~ 10 eo Imes ur
oasv IISlOlIltv .nd alignment
P.rallax ,ree cadmo 'or rna ( ~un
accJrac{ and uonsistenu{
J nng sealeo luJO evel oluraer
adluo l1ent 'or -as J erolng

Catalog
jo r'odel
Inclmed Type
OW331.O ZOO
~'f.l3Z31 JJO.5
0=2 201
Q'f.l3233 Z"2

D"f.l3Z34 <C2.S
O,;,=S Z09

o r.l3Z:S ,15
W~7:J7 '44

uW:l37:J8 ,..5

le<tlcal Type
o mz::s ..co
0, :::Jz.D C6
o '33Z 1 C8
o 'J-,Z Z 3 0
liS· INI

:)AVIS INSTRUMENTS
::AlL TOll FREE
1·800-790-7303



'1600

Z1600

21600

21600

Z16,OO

22100

21600

moo

22100

moo

moo

ZI600
'1500

21600

22100

moo

22100

223.00

33700

SISCO

22300

:9700

:9700

Pnce

otoOto 5" H010 DIVISions

O",cnptJoa

o to 00" H0 100 OMSlons

Ota OIJ"H °1000MSlons

.5 to 0 to 5" H,O OZ DIVISIons

0-0 1 0" H0 01 DIVISIOnS

-5 to 00£ " 0 01 DIVISIons

o to 0" H0 1aDIVISIons

oto 3lJ" H0 1OOMSIons

oto uxr H,OO 2.0 OMs,ons

oto 100' H-D 2.0 O,Vlsrans

o to ZOO' H0<0 OMSIons

oto' IT H° 0 D,VISIOns

ato 70 051 1OOlVlslons

oto 1 PSI 02 DI"IISlonS

15 00 to IS" ",010 DIVISions

Oto 151J"H 0500lVlSIOns

o"1l ~cr H a.01 DIVISIons

1to 0 to 1 H0 05 DIVISIons

o to 10" Hill 10 DIVISIons

oto 10 oSl1 DIVISiOnS

oto Z5" H0 COS OIV,s,ons

Surtace Mounllng Bracker
Use on vertIcal or honzontal su~aces

ato 5 OSI 1DIVISions

4.>ZOO

4321005
43ZlOS

3210

Model

3001

AJ70

3210

3201

3100
3U)

3Z05

3050

::005
3010

~ nCUlt

p ot nelle S" Pi L.aos!.. IIC
• IPT

O""'q ~ £5 SIQ :II :Jres...ure n
artl1er loe or Hlcnrag'l1
\I1P 1aael z:~ 51g arc tJP 1cael
:J 00 5lg 3150 J~a ac1e
r 05unellc:l J JJ s y

I 0 J <1160 Uz

oamos at C.Z.o AC 0 Z
reSI.s--ve

P a 01euc _ I C:lle Jt 0
f,) an 0 ....OC :,

.+ on ao -0 5 C aSJnellC
~ aT,.1I scale t 0
I'''', on -l.IO S -cee s .J 1
-3Z 5 -3~~ ~ m

DW33°570

0W339a691 3301
0W3395701 3302

0W339 oJ
0W33904

OWP"'681 33OO-G

Oual Scale Air Velocrty Un...

OVl33957Z 3310
0Vl339574 3330

0'1133°57

Z to Center Ranges

0W33945

OW33'"'58

Cepsu PhOlohehc Only
OW33S5oil

0\'133932

Catalog No
0\f.L'"3311

0Vl339575 :OOO-GOAJ 0 to.25" H0::00 to ZOOO lorn

OW33955

au [Ocer rg

OW33939

0/1339577 .001;'V Oto 10" H0 .,DO to 4OC(J f"nt

c:ec "1C I ~hnl'" S
Of IOvsl

0\'1339321

OW3..931

OW333'9

-1el:ueo P eSSt.re
00 elle

C Jrac

GaJg C:Jnnec :l1

0Vl33954

Amolent
? ssure "an'1e

Dwyer Pressure Switch/Gauges

I
I
I

Differential Pressure Gauge
Series 2000 ~~

~ oU~H
'~,\u I~

I n ,.... tUJ re
a a J '-0 F

ar 1:] 0"0 0 5o"g
3C/ _ urruJl sc lel3 on 0

I
.lM .l. I an 00 ranges)

rOl~g 01..£ ;]flCe ar a I:
I

ec 015 Q~es~~e1li~s3f'~~~~~ted_ I
one paIr on Side and on I

I
;Jalr on oaCK ,

I Calli log No Model Range lin Hilll MlOorOIV Pnee
0\'133<01 2000-00 Oto ZS 005 50100

I
~\ 133<02 £000-0 Oto 0 01 c:JOO

.,).);)03 2001 o to 10 02 ..500
_ 07 '005 o 050 10 o uO

~3.>510 2010 Oto 10 10 000
, 33512 2020 Oto 20 5() 50C{J

I
0\'133516 Z05() Ota <0 10 5:00
"\r.::J519 ZIOO Oto 100 2.0 55u{J
0' 133520 ZI5() o to 150 50 <000
Catalog No. Model Range Zero Center MmorOJY

(m.lbO)
0\'133521 2300-0 15 to ato.25 01 6100

I 0\'133523 230Z I to 0 to I 05 6100
0''133525 2310 5toOt05 20 6100
0W135Z7 Z330 15toOto15 10 5100
Catalog No Model Range PSI MmorDlv

\l33Jzg ZZDI Oto I OZ ..5 eo

I
'133532 2.?05 oto 5 10 ..5 CO

JW33533 2210 oto 10 10 az.no
o V33535 zzza o to ZO- 50 az.0
These rilnges are eaulpped wrth medium pressure 1M?) opnon stanoara

Dual Scale Air VelOCity Un...

I
Catal'"] No Model Range Range

lin.lbO) Alt Velocrty FPM
OW335.,6 ZDOO-OOAV o to 25 3COto ZOOO 0100
OW33538 z00IAV 1to 10 :>00 to..ooo 5000
313354ll 2OlOAV Oto 10 ZOOO to lZ<OO .00

I
ISTPR50 NISTTracaabla Cerurcate <000

IISTPR51 NISTTraceabla Certificate with Data C9C{J
'e3se inquire for addmonal model~ and accessones

0W339579 JJ1MV 0 to 10" HzO COO 10 lZ500 'am Z1600

12900
19900

13500
"900

S39900
Pnce

Q,spla IS '"!llnlrt. '"!l arc
maXlml.m reac ngs or soot
cnec<s
Tamopr aSI,."-, vim
!ocxlng control ~e/paD and
door
Allows user a orogram acardlng
tl1T'e ana data range

O~ln83Z N3PR NISTi,aceaDla C••braMn 3 po
0~116Z13 N.PR NIST Tracaable Callbranon UltJma

OK116.390 P'UA 0 ~e,anaal P,essu," Recordar
Catalog No Mod.1 OescnptJ....

?tease 100;Ulre tor Ch3rts and accessones

~
...., nl :J:t2ec-~ -..... -~"'=. ...."'G::t"':1 :1.-"

e" raar.s'~ ,, - ~ : """'
_If ..... ''"'1 ...

r J1._ "'-- ::1, - - :"-1
"::-.3l ~ - l" " J

1 • - J rr - -.:::os ....
J ,

-"-~..<"
,

"" _-:.
.<

;> 0 JIOeS ax.smiOnal data JCC" ~C I
ana respo~se Ime

Monitors ard proras connruousll
or JD 0:1 oa/s
~Ierts pe sonnpl vnpn or1erentlal
pressures are ION or 00 hlgn thrnugn
auolo and Jlsual alar'"!ls
o oVlaes Pol Ime olrferentlal
prpssure nrormatJon

Records on an 8
Circular chart 'or
convenrerce and
exceptional data
resolution

'JISTPQ'5 'JISTT,aceaole Cartlficata W1tn Data
Pease mqulre or acoroonaJ nod Is and aCceSSQnes

NISi?R54 NIST Traceaole Certificate

Differential Pressure Recorder

i:t ~~Hes.3.c ..IraCI
I at R:am;e

I nCIUClnq non near""V Jrt:J
hvs ereslsl

... S~nes ~ CJracv
I or fbnqa

... fa Jna Soan J(] us-,ents
are non ncerac 'Ve

'MIen ordenng please specify
range power requlrement3
and rero pr8SSUfe outputS

"900

205.00

19000

17000

17000

135.00

160.00

19500
185.00

Pnc.
$185 00

AC Powe, 4-2OmA OUlDut

DC Powe, Voltage OUlPut
AC Power Inout 4-ZOmA Outout

DC Powe, 4-2OmA OUlPut

NIST Traceabla Cartlficata
NIST Traceable Certlficata WIth Data

2-'M,e 4-ZOmA Outllut

De-scnptJon

AC Power Input Voltage OutDut

AC Powe, Voltaga OUlPut

DC Power Input. Vattaqa OutPut10

R..lZ

'lIZ

Mod.1

R3Z

TJl

lS19121
'SI9123

'S191ZZ
15 911ZZ1
IS191 0

JS191Z4

MS19125
NtSTPR95
NISTPR96

IISI91Z5

Catalog No

I Differential Pressure Transmitter
TSenes Ranges q Senes Range,

I
uOl 01

"10 100" OZP - SIOOZ iJ'" 31· 150" !l3P SI003=0'"
" 0

00" L<P "r05 =05 c;:o 00 OP '$I010 _1 0"
020= ~O"

0 00 I ? SI
eao '00" O· '$I0..0- '0 co Icoa <, 3 OSI

I
050 0 oP IpslCO= 100"

,) <oJpr ~ucc v Oltao uut oltaae Out err ru_e
~ JAC ) lot _ fa 0 ssure "",,I " 0 e SL .1

I ) ~C J 3 Oil ) \ OJt -~

iJ Jeo ' :J:J Jails ..\ - .1 at :Jl.. :J t A rlA
( u:l 0 VClts IR orlVI 12 or aurnuc a IZ.,A

u In /prtea OU out C rv reaC -

I
I

I

I
PRODUCT INFORMATION [Lllntl&r]
C U ~ R E N T P RIC I N G ... .u,,~
1 • 8 0 0 • :I 6 5 - 0 1 4 7 CEMANO

67
DAVIS INSnUMENTS
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1.800-790-7:10:1
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gra,s
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c rae

vC ,

J J

CammercJal Model 1005 Low Pressure Model 1490
Pressure Gauge 2 tZ' O,al Gauge 2 t2" D.al
Catalog No Range Pnce Catalog Nn Range Pnce I
AS1C52oo 15 PSI S1900 AS ..51 00100l,'O n moo
"SIC5201 30 PSI 19Cil ASI4&! ato OOl So , 3:1"0
~S 05'02 50 PSI 10ro Vacuum
ASlO<L03 100 ?SI looa ~SI-o, 10 oOHO

BOOI
k ... c;20~ 160 PSI QrO AS -00 cr ,0 ~ a 800
~~ <205 2CO PSI IBOO AS,..57 J ,0iTH J • :l
~S C 2C5 C~ PSI 9 il ASl-5' , 'CD" J BCa
'S, 5207 ..00 PSI 9 :) "'S -0' ~,2{J'"YJ ' ~

~S L"3 ocO pOI ° J Incnes H 0
Vacuum ASI "0 ~ 0 ,iT YO ~ill
~SI0, 09 3U' HG VAC lOCi) ~SI 92 oociTH 0 ~uO

Comoound ~Sl 93 OoIQ1j~O ~OO

~S 0 210 iT HG 0115 °SI 19cn ASI~95 o0 0": 0 3:100
~S 0,211 .J hG,o.60 ?SI 19cO PSI

I~S105212 30 ,.G,o,100 PSI 1900 AS1~96 o 'J PSI ~C~

AS ,05213 .AT HG 0.'300 PSI 9 CO AS! 03 tj 10 pc 33 C~

lISPR70 ~IST Traceaol 0900 Comcound
Carnnca e ~SI °9 C ~ Ie h D nco

~1S7Q71 JIS- Traceao e 13, CO "'SbuO iTl~()H 0 BOO

Il"'ern'icate
"lISTpoS8 liST lr c °9Cilwltl'lData ,.. rOJc::lt

llSiP"o9 IST-f3cea Ie <cO
an lcat

J 10 ta

Low
Pressure/
CommerriaJ
Pressure
Gauges

G r 11r),' t.. I

3 r cr
r C

10

C r In

Brass Pressure Gauges

CC L 1"1.03 10 "9 Cr 1

-c raci I SCJle ~c 301 1 11 SCJle l; ~1

3151 , ? :!10 S amress S eI 31 ~ es 2 ro 3 2 Jin ess -eel
nee en , rc .J JP'" ower "'our nn c 0" .::..3 ["'arc ower -OLJ1t

uC raJ ae\ "":1t.1 no 0 a"~. J P an er <,
Tt''\PTOn _I :)Ol.f 1 -lJoe ana ~IS s ;}lOleSS

Jl. con [.J[jil '0 ~ISI3b a, , S(]c~ 1a r al e ,
C at 1atefl31 steel I, C I ' /CJ 313te

h ' \C ea

\lodellOO9 0..1Size HZ' J 12"
Range Catalog No Pnce Calalog No Pnce
0-1<051 AS 109201 51000 AS 09215 sal 00

0-.>005' AS109L02 7000 ASI09216 8100
0-1000$1 AS,002lJ3 6700 ASIU9'17 77uO
oL1)(JoSl AS109'M 6700 AS109218 7700
0-JOO051 ASI09205 6700 AS109'19 7700
) 6vQ05' AS1092nS 6F~ AS109220 7700
o10000$1 AS109207 6700 AS 00221 7700
1 ",COOesl ~S ,G0208 7HO AS100222 BBCO
J <GOOOSI AS 09209 I~OO AS,09223 08r~

J 00000$1 AS1C0210 7400 AS 109244 88uO
IJcJum JrnG to 0 AS,092,1 ,0 uO AS 0022' 31 O~

rG ~ AS CS2 2 7000 AS u92Lo 81 <l
..0 HG to o-lOCoSi ~Sl09213 000 AS1C9227 81 CO
JrHG 10 0 00 $I AS109214 lOCO AS100223 81C'(J

Model 1008 Dial SLZe HZ" 4
Dual Rang.
J I CSI IC'O~oa ...~lcs..ol 51 CO AS92103 9700
o600$1 400Kpa AS 08..02 JlICO AS32105 92.00
o100051 700Koa AS10ilu03 JlIOO AS92106 02. 0
0-2000$1 I..ooKoa AS 1C8..M ..a 00 AS92107 Q2l"O

Q-.-JOOSl 2EIfJKoa ~SIC8305 48 CO AS921U8 °2.CO
obCCOSl ..rooKo, AS1Cilu 6 JlICO ASQ'I09 Q2/'O
lactJum (n·G 00 AS C8307 5100 AS,21 0 9700
C 'TloounO 3O"HG 00 1505' AS108308 ,100 AS92P1 9n,O

3O",.G 10 Q.100oSl AS 108ull9 ,100 ~SQ2 02 'I Oil
iT,G to Q. COOSl AS10,:1lO <1 0 ,.\<:: ?12 1700

~IS'" "'raceao e l..tll1lncate ;ISi?R80 °900
'lISi Tr::lceac e Cer""lC3te wtth Oa a 'JISTP"81 105 CO

Dry & Liquid Filled Stainless Steel
Pressure Gauges ~~~

DAVIS INSTRUMENTS
CALL TOLL FREE
1·800.790·7:10:1

NIST iraceable Celtlllcate WIll1 Data

c.,.log No.

1K3J3113
VK3J317~

VKnJ175
NiG33Jn

1K3J3179
\/1CJ::1BO
1:c331Bl
iiSiPR74
IISTPA75

Model
z.- L.I
1..c- \~ L.I
2.5"\H1

2.5" UL.l
2.5" '4 L.A
2.5 \4 L 1

'lIST 'raceacle Caroticate

Oescnpuon

J o"'()" ric

., 0 aOSI

J 0 00 ,
J 0 00 0$1
o0500 OSI

oto 1000 as,
a to ::oco 0$1

Catalog Range Size Connection ~cc Conn ?nce INo Size
1("""1 ~ ] 0 a " 15 111 ranter Bac( -flaunt I 8" :;;JOO

Pnce II<..o3IS o , ..0 0$' 5 11 0 ranter dacA \10um 15 Il" 000
$.3~ VIC!3I 3 '] :J ",r() OSI 15" 111 10 Center aacK launt 5" 3" dlOO

..:J J Ie::? 9 :J J 1:J 51 r 11 0 renter Sack. \icunt 1<> ~ 1900 I~ 0 1~"""I~1 001000'1 r 11110 Center Back Moum: 15 9c~

~C~ "'K:l:3I~ o '2000$1 ~ 11110 Center Back Mount 1< 1900
~CO IK:l:3I..l o o.lll 0$1 1.0 111 0 Lower rlount 15 045
~CO NiG33 .." 0101000 I 2.0 111 0 LcwerMount I<J o 5
~OO K_I..a o a ,00 pSI 2.0 11110 LONer Mount IS' Ol, I..500 K..331 9 o 0..00 0$1 2.0 111 0 LONer Mount 1< °l5
..500 ~ISi?R72 ~IST ~raceaole Cemfica e -'loo
9900 IST?Q13 liST Traceaole Camfic3!e vlll1 D la 1..5 CO

13500 ;::I ease '"Guire tor addrnonal ranges

,,~ "ODUCT INFORMATION-
68 ~ • .u 'I CU~'<ENT ~~ICING

~";f.'MlID 1 • 8 0 o· :1 6 5 • 0 1 471
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18
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a
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9

6 5

7

3

2

I

14

17 AI"iiWci5PP03l'WiblH JJ,eCPneKrop hepll<. CTaJb
(TOJlbKO DN15 20H 2S(roPKl) H CN1S", 20 (Beor l

18 BXO:lljO;()\:I otpa:>t<aTe11b tDN40 '" 50) HeiliO CTaJb

9

FT43C

FT43
eN 40 >1 50

FT43

FT43
ON 151<1 :0

8S1449CS4

6$970::04516
SS61CSA480

as 970303 S21

aS36S2Cr il a

BS 1449304516
8S 1449304516

55 ::692Gr:3 8

14 arM

3S 1449304516

F143 14

12 14 16
,C,aBJleH>1e aT>1

10a

DIN 1691 GG 25

UVrvH DIN 1091 CG 25

Cranb

;-'OMI<100BaHbll-1 nl-1C-OBOI1 rcaa:l1r

Marepl1BJ1

AV1ana30H

:JbIUJK3
CaKJIaD,K3 ~PbIW'<11

Gpnyc

WapH"'PH3H CT0l-1K3

YnnOTHeH>1e nB3

WapHHp

...JaCOBO'" nonnaBDK >1 pblyar

OnopH3Sl paMK3

::lOnTbl y3ra rnaBHoro KJ1anaHa ON ~O

Wr",qlTbl '" ra"'K>1 ON 50

nen waOHL-1DHO" CTO>1K>1 r--ep..'1<.C<l/1b 85 o.l.1 83 18/8
50mbl ON 15 20 25

ilOOKJIatlJ<3 Jana rnaBHoro KnanaHa
eN 40 5D AOMI<100BaHHblH nL-1CTOBOl-1 rpa¢I<1T

looKJIatlJ<a ee.o.na K.nanaHa ..ec;;<. C<l/1b oS 1449304511
IN 15 20 25

_c!!,l10 KJIanaHa ON 15 :0 25 '""ec;;<.c-<Jb oS 9,0-3 1529
,::~H sepT lK:L1bHblX KOH.ceyca-GO-BO.c,<;~lKOB ON 15 11 2'])
Y:en rnaBHoro KJIanaHa C -ep,;<. c-<JI'b 3S 31 ..b ?an 2.
....,n'Koop03~"'HbIM .ae¢!neKTOPQM ON <J) 50 -Inc 2

..... -l<1qJr KpblWK>1
~aI<1K>1 KpblWKA

::lOmbl KOblWKI1 ON 15 25

IS

::

14

16

'oJ .2eTaflb

':: ;:0 ;)0 -l 5 arM 10 anI

:'J 1'"143 4- 5 FT43 10

P33Mepbl V1 COeA1I1HeH1I1H
::;i' ::: 20 25 -0 1-1 50 C-aH.ll,aprHble ¢naHl.\bl as -504 I1?N 16
nO>1 HeOOXOAI1MOCT>1 B03MO)l(Ha nOCTaSKa 0 epnaHuaMI1 ANSI

50 C OTBepOTI1IlM>1

MaTep1l1allbi

Mecr"ble npaaHna 3Kcnnyaraw'.. MOryr orpaH"~"sal'bHCIIOnf>30BaHlfe 3roro HJJ:lem'R 3Ha~eHHR...lt napaMerpos Hlt)ICe yKa:JaHHblx
.flJm<;OBePU.JeHC_~l<lllen'''''''''''~3ac::06cJH~KJMel<flTl>ero ~~

nonIlaBKoBbli1 KOHAeHcaTOOTBOALI~K FT 43 ON

/ _H,D,e..,CJrOO-BO,D,">1KI1 ~0/50DN ;1Me'Or OrpaHI-1yeH>1e P'vl0
;J::'SHCC J Qi'J1'{

OrpaHV1yeHV1H npV1MeHeHV1H (ISO 6552)
~ 1a",- 1 13J1bHble ycnoB"'H KOHCTpyKUI1>1 Koonyea ?N 16
p' 1~ - ~ laKC ,UonycT>1MOe ,UaSJlSH>1e 16 aT>1
T\ ~ _ MaKe AonycT>1MaH TeMneparypa 220 C
'<anoAHos nl,UpaBnw~ecKoe ",cnblTaHl<1e 24 arl1

OnV1caHV1e
- ",r,HHb' I '"'anI13SKaSbl~1 KOH.:leUC3.Toc-ao.O,'·H1~ co
::-:JeUhb M aBrOllaT 1'"leCK 1M B03.c:.,LLHI<1KC' MOKeT OOITo l(aK

- _s 130HTanbHbllH1 epnaHueSblM>1 coe!:~'Hemlq"", TaK 1 C
:3:S- 1~;; ibribtMIII FT-l3V
:: ,OH.c,s'H.a-oOTaOL:,-4I<1Ke c rop",aOHTaJloHbll 1 coe.!J.I<1HeY.1IlMI1
so: 0 l(Ha .J,onOnH~1TeJlbHBS1 yCTBHoBKa 0'tYl-'cro ;1rOllb'"laTOrO
-<.ranaHa oaOOTa<owsro KaK naOOBblnycvHm1 3arsop (fiS:)
=-~:::; C np 1 HeOO'<O,D,11110Crl<1 B ",pbIUJ~e 10't(HO c.:::e~a-o

:JTaepc- ,e c coeL:. 1HeH,1eM J/a SSP 1n 1 NpT ..::!,tH yc-aHoaK"
~ paHa OC,WKt.1

Pa60YV1~

"220E~~~~~ 200

~ 150 .-l- \ ........... ""'" I "r--j "-..
;. I 0 ~ I ~a:;<:;l1iil--~--------:''-<.."-<--__~

_,: : ~G:lel6:1'11 I~ I
- ~\) ~iji'( ---:---,----..,.----:-I-s-:II-+I--,.J,-I

O~---'----'----'_--:._-.:..-..--'-....;..~---l

o 2 4 6

.... QnaHu.eBble SS 4504 PN 16
3 0naHueBbJe ANSI 150 (DN15 >1 20) ANSI 125 (DN25 AO 50)o !t13,Uen",e He I1cnonb3yeTcIl np>1 ,D,aHHbIX naoaMerpax
_ :::M,< M;lKC ,D,>1cbcbepeHul1aJlbHoe ,D,aBneHl1e
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I
I

4045

10 12
2024

HM

50 55
50 :J::l

2933
60 66
80 88

2528

Fi43V
DN15 L1 20

\-,6 x :0
\18 x :0
\15 ( :0

M1Q x 30
M12 x 00
\,116 .( -0

MM
1.1(1111

10
13

17

17
24
24

~-y- I

R~::J 8

o ~ Ib I
~JIT I

I.L.,--F~ ------',
PeMOHTrlbli:i ON 25 40 L1 50
pa::;Mep

40
50

,520 :5

Pa3Mep

ON
152025

40
50

7

2

,1

.1J,eT3.J1b

YCTaHOBKa Y311a rnaBHoro lUlanSHa
ua KOHileHc3TOOTaOLlYL1K3X ON 15 20 25 8blKC rl1Tb cncp I

WSOHI-1pHylO ero..,"'! 1 ce.!JJIo K.nanaHa Y6e.c. l-eco "TO noeepxl-'OGTb
ceMO YI'ICTa~ 1'1 cyxal< nOCaA.1Te ceeno '<J1sna'ia 8 Kcpnyc
(npOK.naao"HYJO nac""'! He npL1l,1eHRTb) YC-3rlOBIIITb cnopHylO paMK'f
1-1 WaOHL1pMylO c-oi1K'f Ha KOpnyC8 C nOMOUJ,brD SI-1HTOB HO He
3aT~ro'1eaTb COe,!l,o'1HL1Tb pbl"ar nOnJ138Ka c waOHllloHOL1 C-Ol-1KOI71 C
nOMOJ..bJO wnlilnbK 1 0'1 neee leu..al'i 8eCb y:38J1 CUewpOBaTb roJ108K'f
KnanaHa 0 OTsepCT Ie." ceAna 3aTI<HyTb BI-1HTbi Ha
,<oH.a6HcaToOT80A"L1Kax ON 40 1'1 50 SbIKPyrt.1Tb 4 6011a 11no'1 rai1K~1

Crll<Tb yaen OCHOBHoro K.nanaHa L1 3aMeLfl1Tb ero HOBblM PaBHOl,1epHO
3aTl'iHyTb BIIIHTbl 1IIJ"0'1 ra lKI-1

YCTaHosKa S03,o,YWHIIIK3
Crl~IMIIITe cepbr,! noV'!' ll"'bl Kanc<onb np0K.ra.c.c4HVJO nnaCTliIHK'f III
OTa lHH1Te ceMO !c-aHCS"'T6 HOBble ce.D.!10 ~l 0-0 lK'{ COCepl-1Te s
ocpaTHOM nOp51il'<e

PeKOMeH,o,yeMbie MOMeHTbi 33T~"'KY1 coe,o,I1HeHl.1i:i

06cny>tWBaHl1e
nOll Hane'KHOM 1130mlOOBaHm1 '<OHp,eI-'C3TOOTSOALfIllK 1..10 KHO
;::e ,OHTliIP083Tb a -oyaOrP060.!l.e npo'1 n08TCpH0l-1 CCO;::Ke yce.!l, rreOb
"-0 Bce KOl-fTaKTrlble noseOXHOC-liI "IIICTble l<I 8 Kpb.WK'f BC-aSrey
CCe.!l,I<1HIIITenbHblL1 W 111

9

567

557

:: ~ Kr
Macca

9 11 12
I:J '~ ':3

Fr43
ON 151-1 20

l
I
B
I

1r
I
C

t

I

171514 71
I

Y:Jen K11anaHa
c nOnnaBKoM

(ON 152025)

, I
..J !65

--'

203Jl, WH1.1K

WapOBml nOll1a80K 1 pblyar (ON 40 1-1 ::lOI

Y3en napOBbmYCKI-O 1 3aTBOP a03AYWHliIK

Y3ell ~J1aSHoro KJ1anaHa C nonnaBKOM 11 p,eCj)J1eKTopor1

(TonbKO seonl"a~bHcle ON 15 0'1 20)

13e1l rnas ....oro KllsrSHa C nonJ1aS~OM

(0'1 ,5 :0 :S roc 1::0HTsnbHble KOHil 41-1Ko'1) S 6 - 3 14 " 17
Y:en ~J1SSHoro ~1a.,aus C

aMTl1KCPpC3 ",Hb M ':::BOJ1e'<TopoM (ON 40 SO)
(yKa:la-b roplil30HTanbHbir o'1m1 BepTI1KarbHbll1)

3anaCHbie l.laCTV1
nClC"aBrl'ieMble 3anaC""ble LlacV1 ~'3c6p3)KeHblC'1J10WHb, lL1 ro'1l-'o'151l,1li1
Lle'"3l11-1 HSCo'1COBaHHb e 'lVHK"'"I-1COM He nOCTaSI151IOTC;l 3K 3anaCHbie
I..l;)CTA

0603H3LfeHHe B 33Ka3e
nil" JaKaae 3anaCHbiX 4aC-e.1 ~ICnOllb3yCITe onlilC3HliIe Y13 TaOlll1Ubl
3anaCHbie LfaCTI-1 11 He 3a6blBal-1Te YKa33Tb pa3Mep n1n

KOftnBYC:J.TCOT80Ll"L1Ka 3 TaKA<e rOpIll30HT3J1bHbll-1 WlIII BeOTo'1K3J1brlb'o'1
ripl1Mep , - 803Ll/WHliIK Ai11'i ON 20 Fi 43 ropll:0HT3.J1bHOrO
Ko~eHC3TOOTBOALflilKaCnalp:J.Kc CapKo

~..1n

I
I

i

B rop 130HTaJ1bHbIX ,<oHAeHC<lTOOTBOALflilKax ON ,5 20 0'1 25
aHH1KOOP03110Hl-'bJ>1 ;J.eepne,<Top BMOHTL1pOSaH a '<oonyo "pYl
0'13rDTOB1e'ilillil 1 KaK aanaCrlal< "aCTb He nOCTaSl151eTCI<

B aep-o'1KanbNblX KOHlleHC3TOOTBOALflllKa ( 3HTI-1KOD0031-10HHbll-1
ile¢J1B'<TOD He Icy aHasmlsaeTC5I

2'; _ ... ::- o~ 1~~ 110

ON .!, '" C 0 E

YCTaHOBKa
'<oKL:e u ca-OO-aO.ll.4"K .aon>t<e-l 6blTb pacn0J10'KeH Ta~ 1M 06pa30M
4TQOb' Hanp3BneH~le nOTo'<a cosnaa3J10 C HanpaBneH~1eM CTpellK~1

Ha Kcpr Ice ,<OHeeHC:: rOOTSO.!l.41-1Ka a pb,Ll3r nonnaB~a HaXO.!l.I<1J1c51
8 rca ::OHrallbl-'O '1l0wa.D.1l 4T06bl nonllaso,< SBOTI-1KaJ1bHO
nOJlH'1I1a~cq L1 en c~anC51

..2;: • 0 J 2J;:) au

..!~ • ~\.J .....30 ,-ou

0603HayeHlrle
D'Il _ J FT 43 14 KOH.lJ,e>-<CaTOOTBO.lJ,4"K Cna"paKC CapKO
CDn::~~eBble coe.D.>1He'"i>'R as ,,504 PN 16 4yryHHbl", Kcpnyc ~1

~PbluJ,<a TepMocra-",4eCK",>1 B03.ll.YWKL1K
Pa3Mepbl (np",6n",3",TenbHble), MM

!:-~o(-----'"' ------l....1

splrax
/sarco nonnaBKOBblCl KOHAeHcaTOOTBOA<iI-lK FT 43 ON 15-50 TI 502 21 STlssue 1



I
I
I

$':@f) I~wr,\\.. i
,Utlillfltlllill

.tllIS

C r "c~ce No eM 163

•splrax/sarco
Tl-S60-Q3

ST Issue 2
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Fig 33

2----------\

5------------'

3--------+---"

4---------'.c--ri3R9

3 -----------":-~

2------------<:..-

..,.----..:::==:==--\,.;..,-Jf:Ei

.6141210a6

as 44-.J9 \..:Ir 0 d
as 3692 Gr 8

'II1aTeDV1an

uN \ 0 00 S\..:I YyryHDIN 10~3 \..:I'-'IU olQ
DN65 200 4yryH DIN '691 CG :'J
I OaCOI1T mlCTOBOI-I aOMvlo0BaHHbl"

qyryH ulN IO~ 1 '-'-'I ~IJ

CTailb Hep!( AS I M A2:IO -.l 10L

42

C I I I I I I I IA j'--..J t ! I f
I 1-""_ f .

8
, ,

I I I I I ""t tI I I ....... I

---r- Kpl1sa51 I I I I " I iA
I I I HaCblllleHI151 I I I I I '-., I
I I I napa

I I I I I a ell IIo
o

QOl\. "'aUl(;) <ObIW'< 1

'-.l'1<'lX Q) ll1brpa
lOB tWK"

1 ,ocnyc
_ '< OblWK8

;, ..un"'l1br::" KpbIWYV1
r-aV1KI1 l(PbIWK~1

3Ha~eH~H K03<t><t>V1u,~eHTa kv
:IN 15 20 25 -.J2 ~,J ;,0 O:J dO 100 lZ:J l:::u ~OO

100 OTBepCT vlV1 :J d 13 22 2::1 Jo 12 103 bo 231 JaG :Jad
;':00 OTBeDCTl<I11 4 0 10 11 L~ Jt :J5 03 124 150 ZOe! 404
;'r~ nepeBOAa Cv (AHrn ) = Kv x 09/ Cv (eWA) = kv x 11

Pa3Mepbl V1 COeAV1HeHV1H
Cil 15 20 25 32 40 50 65 80 100 125 150 V1 200
.: JHLl <jl113HU coeA BS 4504 1<1 DIN PN 1611 10 AS2129 Ta611
::: ,l,NSI 150 (ON 1511 20) ANSI 125 (ON 25 LlO 200)

MaTeplt1aJlbl

SO 9COl

=. 100

-

L(l1aMeTp 08 MM tON I;),D,O UN ao)
1 6 MM (ON 100 AD ON 200)
3 MM (ON 15,D,o ON 200)

KOl1l1yeCTSO oTBepCTl<I11 100

II - 0__ "'epaOOyafl 0 l1aCTb,DJl51 .o.3HHOro 113,D,el1V1S'l
n - 04 C!Jl1aHu coeD, BS 4504 PN 16
a - a 0l13HU coea, AS 2129 TaOIl F
C - C C!Jl1aHU coeA ANSI KaTerOpl111 125

\BKJllOyaS'l ON 15 11 20 ANSI KaTerOpl111 150)

,[J,lt1ana30H pa6o~~x napaMeTpOB
300

OrpaHV1~eHV1e np~MeHeHV1H
,<-un IC COOTBe"'CTBveT HOpMal1V1 PN 16

1z"c lMJl1bH851 pJC-leTH351 Te-.1nepaT'/pa 300 C
::l;)~~e'1"e (0I10,D,HOro rV1llpaBI1V1yeC,Oro ..,cnbITaH..,51 24 ",1

cPIIIJlbTP-ll0BYWKa

I 0 MM (Ol~ I;),D,O '-' \j 01.11

3 MM (ON 15.0.0 O"l 200)
KOI1W-leC-BO OTBeDCTl.11<1 40 100 200

~ononHV1TenbHoe 060PYAOB3HV1e
KOl+<yxI<I ¢l1nbTpOa noayweK

OnV1C3HV1e
:;J,,% Pbl 110ByWKV1 Y oopa3Hbie Fig 33 ,D,J151 ON 15 ,D,O 80
':-a'1':30THble ceTK~1 113 HeplKase'Olllel1 CTanlll C nepQopaul1e ,
::.. laMeTpOM 0 8 -.1M
::J~tl1b-Pbl 110ByWKI1 ':t. OOpa3Hbie Fig 33 AIl>! ON 100 .0.0 :00
C-aHLl30rHbIB CeTKI1 V13 Hep.KaSelOlllel1 CTanV1 C OTBepC-,H:;',,'V1
.l13Me"'poM 1 5 MM

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
0603HayeHV1e 8 33Ka3e
CD"'l1bTp nosywKa Cnal1paKC CapKo Fig 33 DN25 C epnaHueSblMI<I
COe!l\.1HeH"'51MI-I BS 4504 PN 16 C l(0JKYXOM 113 HeplKaBelOlUel<l
craml \1 ,D,l1aMeTpOM OTSepCTl.11<1 a 8 MM

I
I

~...xl8drttote /J3HH(JI"O H.J.QeJfHfl-..o.-er CSwn.oroaH~ ecI1H IJeC1JofbIMH noaBWIa"'''' :)fl:CI'1I1Y8I"3W'fM .-craHO&tJeHw napa",eTtJbl HtOCeYJC3~

C UeJfboO C08epWeHCTIIOU"'.... JJaIfHOrO ".:J.aeltH1l 4IW oct31J/JfH!"" .:aa C'o6oH npaliO "'3~rb era reXHt'Nl!CIt'we xacaKTeQHCJlf'CH <0 CopynOht 1995
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PeKOMeH.D.yeMble :l3KPY'-lIoiB3lOUJ,j,1e
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2------------"

3 -----------'(

.:1 --',

1
C

pa3'AepI
l

7.

"3CM' 2 7 <r

Zlo.l' 1 8 ICr

1117,,..

I IJlOWaD,b
CeTKj,1 Macca

B MM

150

J

J
Kcm14ec-ao orsepc-lo1V1

P"MOHTHbll1

C

.>0
10

730

415
:>10

...35
.GJ

o
s

·35

300

/2

11/.

ON

A80
:>90

AOO

304

I~

.'

PNlo ~S2129 ANSI
A A A

-3_80 _n 1 SK '" raeK KCblWKI1
IN 5:: a 150 (8 WT)
D"J :CO (12 WT)

nOOYJl1JJ.Ka <OblWK 1 \:3 WT)

CeTKa :PI1JlbTPS ilOSyWK 1
V<3AUHB .lareo",an pa311eO nep¢op3U~1101

.1 PS3 "'0 <b"'JlbTOa JlOSVWKI1

lice ':'dJI>1E7V1bll:. 3AII"1ACd;1

8

C 40l 'vO
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A"'CKOBble oopa-Hble KllanaHbl TYlna OCV .0.01 KHbl
yc-aHaBIl~BaTbCI1 B COOTSeTCTBI-1l.'1 co CTpeIlKCIII HanpaSreHYlSl
nOTOKa nOKa3blsalOUJ,el-1 AeCicTB~TeJ1bHOe HanpaSIleHllle ncrOKa
cpeA~

KIlanaHbl C nPY~~HaMI-l Moryr YCTaHaBIll-1saTbCSl B 1l100CI-1
nllOCKOCTYI KnanaHbl oe3 npY'K",H AOIlA<Hbl YCTaHaSll\.1SarbCSl :3
SeprnKaIlbHblX rpy6ax C HanpaSlleHI-1eM nOTOKa CHI-1JY ssepx
AYlJalitH Kopnyc3 nOJSOIlSleT npl-ll.noca61ll-1SaTb ero K paJIl"''iHblM
epllaH~eS~M coe.a,I-1HeH~SlM AIlSl ~eHTpOBK~ KllanaHa a
rpy60npOBo.a,e Kopnyc KlIanaHa nOBOpa~I-lSaeTCll .0.0
conp~KocHoseH~ll C 60nT3MI-l paJbeMa epllaHlJ,3 ::;lTO nOAp06Ho
Onl-1CaHO B ~HCTPYKUJ.11-l no yCTaHoBKe nocTasllSleMoi1 C KaJKllblM
KIlanaHOM OCV
np~Me'laH~e Al-1cKoBble KIlanaH~ DCV He no.a,xOL!.l'1T AIlll
iIICnOllbJOBaHI-111 B MecTax C Cl-1llbHOi1 nYllbcaUl-1eill nOTOKa
Hanpl-1Mep n061l~30CTI-lor KOMnpeccopa
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OCV 3 ON 40 !11-1CKOBbli1 06paTHbli1 KnanaH CnalitpaKc CapKO C
KopnycoM 1113 aYCTeHI-1THOYl CTall\.1 AIlSl YCTaHOBK~ Me~AY

¢llaHL\aMI-1 BS 10 ratSn E"

0603H3~eH1I1e S 33K33e
QC I 3 A",CKOBbllll OOparrlbl1-1 KIlanaH Tl-1na AIlSl yCTaHoBKiII -"e"<.D,Y
QnaHuaMIII B54504 PN25
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0603Ha'JeHi'le
npltl 3BKB3e nonb3yi1Tecb TB6nl<1uei1 npltlBe.o,eHHoi1 Hltl)l(e Itl He
3BObisaillTe YKa3blBBTb Tltln Itl pa3Mep KTIanaHa

npYlMep 1 np0KnB.ll,Ka Kopnyc/KpblwKa JlJlfl ON 15 SPIRAX
SARCO 1tl30nl-lpYIOw.ero KJlanBHa C Cl1nb<!JoHHblM ynnoTHeHltleM
A3

3anaCHbie yaCTI1
(UItl<!JPbl OTHOC>lTC>l K pltlCyHKy Ha npOTllIBOnOTlO)l(HOI-l CTopOHe)
npOKna.o,Ka Kopnyc/KpblwKa (2 WT) (10)
npltlMe'laHltle - 1<l3,a,eJlItlSl xpynKl1e, 06paw,aTbcSl
OCTOpO)l(HO
Y3en CTep)l(eHb/Cltlnb<:poHbl (6 5)
.o.YlCK (4)
P /KO>lTKal (7)
3anonHeHItle CTep)l(HI1 (8)

YCTaHOSK3 npOKJla,a,KItl KopnYC/KpbIWK3
CHYlMItlTe KpblWKy C Kopnyca OTBItlHTI18 60nTbi
OAHy npOKJlB.ll,KY MO)l(HO cpa3y BblHYTb 1tl3 yrny6JleHItlSl B Kopnyce
He pa36l1pa>l KnanaH .o,anbwe nOsepXHOCTb Kopnyca iIlMelOw,aSl
KOHTaKT C npOKna.o,KOill .o,OTl)l(Ha 6blTb 'JItlCTOi1
YTo6bl 3aMeHiIlTb BTOpylO npOKJlB.ll,KY KOTOpBSl HaXOAItlTCSl Me)l(.ll,y
KPblWKOI-l ill ynopoM CI1T1b<:pOHOB OTBI1HTI1Te OCHOBHYIO ral-lKY
PYKOSlTKI1 11 CHI-lMI1Te pyKOSlTKy OTOlKMI1Te KHonKy C
aBT06nOKl-lpOBKoi1 y.o,ep)l(I-lBalOw.ylO nTlaCTI-lHKY I1HAItlKaUl-l11
npeAOTBpaw,alOw,ylO cBo60.o,Hoe Bpaw,eHl1e OCTla611B
repMeTltl3i1lpylOW,YIO raiiKy OTBiIlHTI1Te Itl BblHbTe CTeplKeHb
YCTaHOB",Te BOKpyr CTeplKHSI HOBylO npOKnB.ll,KY npeABapl<lTeTlbHO
y6eA",Bw"'Cb 'JTO nOBepXHOCHl ynopa CiIlTlbepOHOB
KOHTaKT1I1pYIOw,l<1e C npOKTlB.ll,KOI<1 'JIi1CTble npOl<l3BeCTI1 C60pKy B
oopaTHOM nopSlAKe aKypaTHo BCTaBI1B erep)l(eHb C npOKna.o,K01l1
Ha3aD, B Kopnyc
PeKoMeHAyeMble KPYTSI~l1e MOMeHTbl ATIS1 60TlTOB KPblWKItl
ON 15 AO 32 17 MM A/F 19/23 Nm
ON 40 .0.0 65 19 MM A/F 33/37 Nm
ON 80 ill 100 24 MM A/F 80/85 Nm
ON 125 .0.0 175 24 MM A/F 70/90 Nm
ON 200 30 MM A/F 150/175 Nm
ON 250 111 300 36 MM A/F 240/280Nm

nepena.o, .o,aBneHI-l>l (aTM)

npOTeKaHVle Ce,D,Jla
K03<!JcbltlultleHT 3aKpblTItlfl ;£l,ItlCKa ceJlJla COOTBecTcTByeT CTaHAapTy
DIN 3230 BOl

0603HayeHVle
ON 25 SPIRAX SARCO Tltln A3 1tl30JlItlPYIOW,l-lii KnanaH C
CL1J1b<!JOHHbIM ynnoTHeHltleM <!JnaHueBblltl DIN 2545 PN 40

npL1Me'JaHltle Ecnl-l nepena.o, AaBJleHItlSl Bblwe YKa3aHHoro JlJl>l
onpeAeneHHoro Tltlna Heo6xOAL1MO L1cnOnb30saTb
ypaBHoBeWl-lsalOw,ylO BTynKy

Pa3Mepbl (npV16nV13V1TeJlbHble) MM

ClJnaHuesb'V1 PN40 CTbIKOSaS1 CSapya PN40
DN A 8 C Bec A B C Bec
15 130 204 140 43 Kr 130 191 125 28 Kr
20 150 204 140 48 Kr 150 191 125 29 Kr
25 160 210 140 66 Kr 160 197 125 3 9 Kr
32 180 21'> 140 7 a <r 180 200 125 40 Kr
40 2JO 2-2 40 10 vr 200 218 150 63 «r

50 _:::0 24..1 140 13 Kr 230 220 150 73Kr

65 290 275 180 19 Kr 290 238 175 12 Kr
80 310 294 180 265 Kr 310 257 225 147 Kr

100 350 369 300 395 Kr 350 340 300 236 Kr
125 400 389 300 57 Kr 400 360 300 40 Kr

150 480 416 300 82 Kr 480 390 300 56 Kr

cPnaHueSblYl PN 25
175 550 505 400 108 Kr

200 600 530 400 168 Kr

250 730 665 ~20~ 238Kr
300 850 720 520 339Kr

Pa3Mep (ON)
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I
I
I

16 nmH"A<ep r[U1VJ-{b BS 2874 CZ 121=-~~'-=~ ~u"!'!~ ..!L>~:!.!.::~-....!o::...!. 0603Ha'leHlfe (How to specify)

YCTaH08"a (I~taUatIon) 1 KJIauaH ruTIa KA 31 SPIRA)( SARCO Cqyrymlbl~1
_ KoprrycoM ruTIOpaJMepa DN 32 C pe3b6oBnr\1 coemlHeHlle\1

KJIanJH .101DkeH YCTaHaBJIHBaThCll Ha rOpH30HTIlJIbHO\l TpyoorrpoBolle Tal< 'ITOGbI BSP
paGoQHA opraH pacnOJIaraJICli BepTJiKaJIbHO HH)Ke Tpy6onpOBOLIa ,LleTaJIbHaJI
HHCTpYl<.lllUI npK!Iaercll K KaJKD.OMy KJlaITaHY

1-------2

1;--.,.....,.;.£.........------15

H-*l---------16

8
~IL;>S:I-_l=----J----13

v----12

1]).,-+---"<:-'-=----- 4

--F'~+-.;:;F7""l--- 7
~l&"-"''"t'L-_J Y'W-f"-"''-----1f----14

215l napa C~l Tl GCH 03 (TIS lOll)
215l BO!IbI C\l Tl GCH 04 (TIS 1 012)

KA31

j
4

5

3 1

6

8

2

7

I
KB & KC 31!

THnOpa3~lep DN 25 H lee-f pe3bOolloH CTaKUH
(TOJIbKO Brune KB)

BS 970 431 ~ 29
BS 970 4J1 S 29

DIN 1691 GG 20
DIN 17245 GSC 15

DIN 1691 GG 20

CTa-lb HeOA<

t.Iyry1i
CraJIb

CTJ.1b HepA<

Marepllarr

K<J1hUO ce~1a K.1arraHU
npOl-..1aro<U ce!JJ1a K.-1arraHa
c D"I 1" no DN 25 CTa.1h \1J.1o,nep0.:IlICTall BS 1449 CS -+

\. D~ J2 no DN _0 rDarb~IT lIICToBOrt UD\IIlDOBaHHbUl

OoraH JUnOOHblfl K.-1al1aHU

MaTCPII.I.'IbI (M.lten.lb)

5

1 Kopmc
2 Cml<.aHKA KB

KC

6 nDVAJIHU B03BpaTIlaJI. C-ra..1h HeOA< B~ 2056 J02 ~ 26

CoelIllHlITe.1bHbIe pa3MepLi II PeJbObl (SIZes .Ind pipe connectIOns)
KA31 runopaJ\lepbI 15 20 25 32 40 II 50
KB31 runopaJ\lepnI25 32 40 H 50
KC31 nlITOpa3\lepnr 40 II )0
KA33 ruI10pa3\lepnr 25 J2 40 11)0 Cl>,TaHueBOe coeIDIHeHHe KUK

VKaJaHO HH)Ke
KB33 nIITOpa3\lepbI25 J2 4O}\)0 Cl>JlaHlleBOe coeIDlHeHHe KaK

VKa3aHO HJ.Ol-.e
CTaHnapTHbIe ¢.~UHllbI conaCHO BS 4504 H HOpMaJIH PN 16 DIN TaG1 F
CTaHllapTa BS

MaKCH\H1J1bHOe lIaBneHHe B Koprr' ce
16 Gup rrpH 120 C
l3 Gap npH 220 'C
MJKCH\laJIbHOe .1aBJIeHHe X010.1HOrO rJllIpaBJI}[qecKoro HCnbITaHlUI 24 Gap

25 45Gap 1036ap

No lleTaJIb

40 2 Gap 8 2 Gap 13 Gao

20 103 6ap
15 13 6ap

BbmycKaeMbIe THIIbI (Available types)
KA31 - HOP\laJIbHO OTKpbITbln OJII-IOCelIeJThliI>Ilt, C pe3b6oBbIM coeIDlHeHHe\{
KA33 - HOp\{a"lnHO OTKPbITbIlt OIIHOCeneJThliI>Ilt, c qmamreBnIM coelIlIHemre\l
KB31 HOpMaJIbHO OTKpbITbln OIIHOCelIeJInHbIlt C6arraHCUpOBOQHbIM

CWIIllPOHO\1 H3 ¢OCepOpHCTOI1 6pOH3nI Cpe3n60BnThl coelIlIHeHHe\1
KB33 HOP\IJ.'1bHO OTKpbITbln oIIHoceLIe.llbHbIJt CGaJIaHCHpOBOQHbl\1

CWIb(j;lOHO\{ H3 epOCepOPHCTOH: 6POH3DI CcP-1aHueBnThI coelIllHeHHe\l
KCJ 1 HOP\laJIbHO OTKPbITbIJt OIIHOCeLIeJIbHnIlt c GaJIaHCHpOBOqj-[DIM

CHJIb<j;JoHO\1 H3 HepA<aBeJOlUelt CTaJIH c pe3b60BnI\1 coeIDlHeHHe\1
YpaBHHBaJOnmlt .rraBJIeHlUI CWIIllpOH rr03BOJU1er HCrrOJIb30BaTh KJIarrUH rrpH
rrOBbIlUeHHnIX rreperranax lIaBJIeHlUI

Orp.lHH'leHlfe npKMeHeHWI (Lmutmg condltlOns)
MaKCH\laJIbHOe rraneHHe lIaBJIeHIUI
PaJ\lep/DN KA 31/33 KB 31/33 KC 31

7 liTO ... KA KB 1a1)'Hb BS 2874 CZ 121
KC Cm.1b HeOA< BS 970 321 S20

8 nOulv1a.n,a cra...aHJ [OJ.<lHIT 1HCTOBOIl aO\BlOOBJHHbIfi 3Ha'leJuUl K03tpepllUlleHT.I Kv (h.v Hlue~)
12 llimL1bKa CTaxaHa CTJ.lb BS 4439 Gr 8 8 .;:D~N,:"",,=",_--.;.1;.5__,.::.20~_-;F25~_-;-;:.;32;;.,,..._~.,.O~_---:'07-

[aliKa CTa...aHa BS 3692 Gr 8 ~KA~~KB~_....;2~9_---.:+~6~4_--'9:...:8::..-_1::..::6'_4.:..::8:..__=2=_=J,:.7__J::..+;...-
DN J2 If 40 M 10 x 35 MM KC 20 J4
DN 50 11 12 '{ 35 \1\1 .:r1U! nepec [eTa Cv (BeJU1KOOp ) = Kv '{ 0 97

"'1-=-3---'C~a::'::r"':b¢:':;-o-H-;KJ3-=:------~£:":Po:":H:""3:"':a::=ep:""o~c':;ep-O-P-HCTIUl---------- C\ (C[[]-\) = Kv'{ 1 17

KC Cm;Ib HeO)K -\lSI J 16 L THno a3\le bI
14 npOl-..1a.n..a CH.1I><j?oHa [pac!JIIT JU1CTOBolt ap\lHpOBaHHblfl P P
15 Bn 1...a CTal<.aHa 'Ia1VJ-{b BS 2874 CZ 121

I
I

I
I

I
I

I
I

I
I
I
I
I
I
I
I

I
MeC'OIbie npaBiUIa 3KcruryamuHH l,lOryr OrpaH}[qHBaTh HCnOJIDJOBaHIlC :noro H311eJIlUI 3Ha'leHlUIMIl rrapaMerpOB HJl)Ke y:KaJaHHbIX
ILlS! COllcpweHCTBOBaHHIl .ITaHtlOro 1l31IeJIHil MhI ocraBJUleM 3a c060lt npaao H3MeHSlTb era TeXHHQeCKlle XapaKTCpJ.lCTHKIl

ABTopct-oe UPJ.DO 19941
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KA 31/3:

KB & Kcl

l

[-_-_1-1-------------2=:::::~I
"t: I

f r--2--"1 I-, ~-i

I

KA31

x --------f' """""--r'"
KB 31/33
& KC31

H----~~

~-----~I "-- _1_ -'" I

B ®~ I

L

N

G

D---------f'~:::::::::::;.

s

s
EL

ADEL

DN '0
165 H\{

200H\l
60HM

3anqaCTH

Bee
Pe3W <PnaH
1 3KI' 33KI'
16KI' 43KI'
32KI' 5/KI'
51KI' & &Kr
63KI' 110KI'
7 &KI' 130KI'

34KI' 59KI'
57KI' 9 lKI'
69KI' 11 2KI'
& &1<r 1341<f

51

51

71

37
37

62

D

152

13&

110

107

110
110

152

105
105
c

152

1&0

230
200

_ 157160

230

1&0
200

)OH\( 110H\{ 160HM lOOHM 150H\1

I05HM !80HM t80H\l

90H\1 150H\oI 200HM <WH\{ 4OH\1

P.Ll\lep ON 15 DN 20 ON 25 DN 32 ON 40

3JMCHA n.IA CH.oThq,OHa lTo repl.lcc bellow Assembly)
CH.flTh yJC.I CTaxaHa Ii Y3eJI CfL1b<jloHa BbIXpY'fHB HarrpaBJUlIOll.lYfO (X) V3na
CUJIb<jloHa CHHTb npY'AGlHHOe KOJIbUO (C) l11aMy (U) JarropHblfl opraH (A) H
<-e.:mo (B) H B OOpaTHOM rroplIlXKe rrOCTIlBIfI'b HOBbI'i cMb¢oHHbIn: Y3e.n
YCTaHOllllTb HOBbIl1: Y3eJI cMb<jloHa Ii CllBliHYT!> rr.nYHJil.ep cell)la K CTIlKaHY
KIT.lITaHa

!1oCTa13UTb Ha \leCTO Y3C.1 CTal<..aHa C HOBbIMIi rrp01V1ll.1KaMH OOP:lIUasI BHH\laHlie
[fa TO '!TOObl npll coopke 1V1arraHOB TI1J10paJ\lepOB DN 32 Ii BblIUe paBHoMepHo
J.lTllrHEJaTl> r.lllKH CTaKaH:l

Pc ....O\leHT> C\lble XpVTlIl11lle \IOMeHTbI 3:lTJU(J(1i rrOXBeneHbI H}fJI(C

06wee OOc,,'!YAalB3HHe (How to fit general)
CfillTh .JaT'lliK KOHTpOJI.fl CliCTeMbl C \leCTa ero YCTaHOBJ(}( Ii naTb e\lY OCTbITb
01l<J110'l1fI'b rrpliBoLt OT l\.JIarraHa
Ilepeu Ha'laJIO\l moooro pe\IOHTa KJIarraHa yoeID\ThCll '!TO OH II01HOCTbIO
011(.,(10 l<-H

Bl,,<-raa Ba..KHO npOH3BeCTH nOllHylO 3aMeHY Y3JIOB rrepe'lHc..1eHHbLX BblIUe H

yoeiIlfI'bClI '!TO Bce KOHTaKTHble rrOBepXHOCTH 'lXCTbIe

3.1MCH.I Y31.1 ce.'1JIa IIJIAn.lHa (fo replace valve seat assembly)
CfUlTh V3eJI CTaxaHa Ii BbIXPVTHTb 113 CTIlKaHa 3anopHbln: opraH/Hanpa&1.fllOillVlO
lllTOKa('<)

KA31 Terrepb \1OACl-lO li3BJIe'lb lleCb Y3eJI 3anopHoro opraHa/Harrpa&1.flIOIUel1
lllTOKa H 3a\leHIfI'b ero HOllblM Y3JIO\1

KB31 KC31 CHlITb rrpY'AGlHHOe KOJIbUO (C) IUaMy (U) 3arropHbl'i opraH (A) 11
cell/lO (n) 11 co6paTb Bce llCTaJIH Il OOpaTHOM noplIllKe y6eL(J{BIll]{Cb '!TO

nOV'A}IHHoe "o.;ThUG rrpJIDlJtbHO YCTIlHOBJICHO B rraJv

BblKPYTIlTb KOJIbUO CeLL1:l KJIarraHa (D) H 3aMeHIfI'b ero HOBbIM KQ.1bUO\1 C

npOI-..1:J.JKOH ce.:ma IlcpeLt COOpKOn C\Id3aTb Bce npOK.1aLtKX TOH ....H\1 c..10e\l
COOTDC'TC11l~ IOluero yrr.,10THHTCJIbHOrO XO\lIIaYHlla IloCTal31fI'b Ha \leCTO Y3C,,1

CT:u..aH.l C dOBbl\lH npOK-1u....a\1Il !1PIl l"OOpKe K.1arr:lH0I3 nmOOXl\lepOB DN .,2 II

BLlm<- <..1C I tTl> Ja pallHO\(l"pIlOH J:lTlU<KOH raeK CTaKaH:l

04JopM~eH"e 3.lK.l3.l (How to order)
BcerCl..l npl1 3aXaJe HCnOJIb3vltTe Hal1MeHOBaHM li3 CTOJIOua IlOCTaBJUleMble
3ant;aCnl YKaJbIBasI paJMep Ii THIl KJIanaHa
IlpH\lep 1 Y3eJI cell/la KJIarraHa ll/l.fl KJIanaHa KB 31 SPIRAX SARCO

THrropaJMepa DN 32

Y3eJl cell/la KJIarraHa

Ha60p npOKJIalIOK nOJIHbln:

'0 1&0

h.E31 33 H h.C31

KE31/33 H KC3I

IT OCTABJUIEMbIE 3AIT1IACTH

50 1&0 230 230

25 136

25 136 160 157
32 144 1&0 1&0

Ha60p npOKJIalIOK nOJIHbIJ1 B C E L U,G

40 150

Ha60p \luumeJ< Ii raeK CTaKaHa (no 4 \lIT )

32 144

15 90 130 130

Y3eJl clUI!>d:>oHa Ii llITOKa G L N H

Y3eJl cell/la KJIanaHa ABC D E
(liCKJIIO'laH V3eJI cM!>d:>oHa Ii llITOKa) L, U G

KA31133 A B B

20 104 150 147

40 150 200 200

P.l3Mepbl (OpHeHTH)l0BO'lHLle), MlIf (DtrnenslOns)

3an.lcH:bIC 'laCTH (Spare parts)
IloCTaBJUllOTCl1 3an'laCTH nOKaJaHHble CITJIOlliHbIMX JUlHMMX

Hapl{COBaHHI>Ie urrpXXOIlbfMI1 JII1HlilIMH He rrOCTllBJUlIOTCll:

KA3I H 33

Pa:meplDN PN 16 BS 10 F

.:.U:.....:..n:;<J:l<D_~J.,..!oUL.:"e"-!":>...!!Yl...!r...!nL"'e£>.,,.!:CT:.!.a!!.J,,!:>.!~o.!n:uai.l.!(r.!lIOd..Z4J.w!.!.lLJ..' -""s E ---------

I



5- 20

10

32

16

') e _ b-'-,.)

1 Bx:;:, r1a;1GBC2,C-OO CMe8Yl

2 Oree..t:. KGr.lle-ca fa
3 r~032.BOP

L Pa50~aH K.::.Me:Ja

5 3ancsf--l:'-,::;Jcc~~~;:JiG~0.~

nopweHb
6 nGJl.la£o~

7 Perym1rH:S04i'!S1e 6o;rr~1

5 8~yw.~~ l'OZ --{V1K

25

.-..~ ~') OJ-'""' ""-

en _"'J)i1 5J - 70 30- 55""'*_ .... oJ

:J60x290X250 L~)'Jx330x25J .i3Crx360x320

19 La 1- 50 65-0
17,8 38,8 43,3 47.8 62,8

1,2 1) 1J 2,2 2)

1

I
I

T I .
6 I -.

f
I

."
.:;)

J

Macca l<r 8 T l.l
I I

Kopnyc \CT 3)
3an0PHQ-APoccefl Y1p
opraH (CT HeplK)

)2Via~H:::-p naTpr.rC3
6XOD,a i-1 ~lxo~a, MM

MaKCV1Mal1b--10e pa6o"1ee
l"1 ....... n.... tl..lQ --M,...,COJ t::MYI~1 a I

KOH~EHCATOOTBO.QL!Y1K nOnnABK080-rV1.qPO~V1HAMV1YECKV1171
I Knrj:ll

npeAHa3Hal..leH AJI~ oT80.o,a KOu.j:,eHCara OT r;ap0J;lCnOnb3Y}(Hl~erO 060p't1!08arl~q

V1 YCTpaHe~~1R npOC lCOr08 nC.pa B KQr'-.:;e~CaTrlYlO DVlHV1lO
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901 cPOTOOe3I1CTOP cPP I I 1 --0 ,0'.1 I

ao IL=400'vl'l1

-, P.,=O 1 \-rna QHO\1=~O m) '1

3)0 I p.,=1) I \lfla QHO\1=...O m' /'1

ISO IOTce"aHlle ra3a Ha 3ana.lbrlll"e

1751 L= .:IO 800\1\-1

IOQO IPv=O 1 ~ma QHO"I= 100 mII'!

1300 Pv=O I MrTa QHO\-I=600 m "!

ISOO IPy=O ! "ma QHO\1= I000 m\''i 1

1200 P,;=O I \ffia QHo\1=400 m' '1

1450 IPmax=O -t MDa Qmax= 250 m) / 4

1900 IP'1lax=1 6 \illa Qma"(= 100011' '!

:600 I Pma\.=O 63\ma Qmax= ~500 m '!

343820, ~oHe~~aR oCnacT~,

r EHa~~eBo-6, nn 3aCo~mx~oB, 35,
~-= -~=2 ~ S~a<~e90 - 5, alh N 3,
EaH~OSCXHe pe~s~~~~

pic 1467641 B YKpcoUOa~~e E~a~Me9o,

M¢O 334527, %O~ OXITO 23417530
~an/~axc(06252) 2-67-60, 2-59-17

pr :0
Pf -0

Pf 400
Pf 600

Pf 100

pr 1000

etlJ - I

r.,.f - 10

33 - 01

f...3 - 00

H£\ -tHJ13'Yfbl HCflO'lHHTE.;1bHblE I

\[30 ::"0125 !) ::511 37 13501380 B 1

1\00100/2502511 '37 I 12001380B j
--==--::---=-':"':":'-=---':"'-=-~-=-=--";"----=-=:"':-=~""::"------------I

:\00 10012" 0250 87 12001380B I

1\-130 16/25 02511 -90 I 648(2:20B 1
1\130 16125 0 250 00 ,__--=-64..:.:5::...J1L:2:::2~0~B:.._ l
i \130 16/63 0 :511 - 90 I 65512:0 B I

KOLt npe:mps-umur no AJ1J. 6511•
CT IUeoe'iKa LIOHeIlI\.OH: A<lIJ.. KOlt CTaHlIIDf .+33509
CT EHaAHeBO .uoHeUI<OH A<lIl. KOlt CTaHlIIDf .+38706

cr :00 - 1600 063

n POHHHblii :cr 80 160 - I) 4
ICf-150-650-l6

199 r-----

:JtHaUltOHHblii
-----:....:,-:=-------~---.-:..:.-'--"--'-~=_-=_"--__::__~r__---

- Hanopa II TllrH 1]}IT 1 1.1) i 0 1- °-1 0 ilia (10-0-1 OOHe \1 ,3 )

JJ}{T 100 138101-0-[0 Klla(lO-O-JOOll.rc/\l{B)
,U3"1 107 350 10 1::>-0-0 I::> ilia (l ::>-0-15Krc!\l ...3) J

A<J::I. peKBH3wn.r

:r.:ur l\.oHTefufepOB

;t.TI BarOHOB

-9HepZU51--- - -- - --

'''---

TnmlllT-2::> 1:01004 - 25 ilia 4-250 Krc/\1l1.!l)
.:n - ..10 120 I 0 ~ - 40 illa (40-4000 r.,.rc \1 r.,.B )

- necen<Cla 'ianooa ILIITH - :.; 5 14Q I0 l :: 5 ilia (10-250 'ere. \1 ,s )

- .JaB le'iIl>l'.J.J °2) 115 I 0 - 0 25 vIDa (0-2 ::> \rc'c\! ,8 )

ILU 16 1"'5102 - Ib yIDa(2-16I\rc!c\!'\s)

Peanu3yeM CO cKnada s a cHaKueso
KOHmpOflbHO ~ U3MepumenbHbie npu60pbl, cpedcmea asmOMamu3au,uu,

6 a a 'n 6

lO I \1exaHH3'v1 )le\,pll'ieC\lIii
o.J:'iOOOOOOTHbdi yOO

I

'3 IK lanaH r3..10Bbli"i '

9 IYIa.'1uraoapllTHbfl! ::taTUIIK-pe'1e IllH· :2 5 130 1004 - 2 5 illa(4-250 ,<rc'\-, \3 )

I
-Hanopa J1lH -6 1251 0 6 - 6 illa(60-600 Krc/\-I 1\8 )

(ra3 BO.'la 803;:rVX) IllH - 40 130 104 - 40 illa(40....1000 h.rd'vl '\3 )

7 IKOHTPO'lbHb[H 3ne'ITOO!l
6 I<1JoTonaT'1HK
::> 131eKrp03al1a.'1bHI1h.

!1\t,l\aTelb OeC,OHTa",rlblii iru;p - 2\[ 2701220 B
i oeselJ<. 18Hblii Irn;p 3A 3201380 B J

--'-':-=~~~~------- Ct{ETt/JIAJI r n -t j

3HepZemUI.{eCKOe U KomenbHoe 0 OPYl osaHue 3aeo oe cucmeMbl • lpoMnpu opu
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YKpaJlHa 310022 XaphKOB, alH 4515 Te.n (0572) 44-00-10, <!JaKe (0572) 44-01-43
E-maIl barsky@uepa kharkov ua

Haw KOHCOp1..V1yM npeAnaraeT nOCTaBKY 3Heproc6eperaJ<)t.U.~x

3neKTponp~Bo,qOB cep~V1 P3H (peryn~pyeMbl~ 311eKTponp~Bo,q),

COOTBeTCTBY\Qt.U.Io1X ypOBH\Q Be,qyt.U.IitX M~P08bIX epIo1PM, HO - no cyt.U.eCTseHHO

6011ee Hlit3KlitM 4eHaM (CM cpaBHIitTellbHY\Q Ta6Il) YHIitBepCaIlbHocTb

npe,qIlaraeMblX 3IleKTpOnpIitBo,qOB n03BOIls:leT IitCnOllb30BaTb IitX B mo6o~ cepepe

npOIit3BOACTBeHHo~Ae5lTeIlbHOCTIit

np~ IitX ~cnOIlb30SaHIitIit ,qIls:l m1TaHVls:I 311eKTpo,qBVlraTeI1e~ HaCOCOB,

BeHTVl11s:lTOpOB, ,qbIMOCOCOB 06eCneYlitBaeTCs:I 3KOHOMlits:l AO 70% nOTpe6I1s:1eMO~

3neKTp03HeprVllit

O,QHoBpe\le~lHOnpUBO;I.bI P3H o6ecne l HIBaloT nnasHblu nvc},. C 3a;I.aHHbl\1 Te\IITO\I,

HellYBcTBHTenbHocTb ..'lBHraTe'15I l\. l\.one6amUI\I Be'1WIJIHbI Hanp5IA\eHWI H HecuMMeTPHH

nlITalQUJ,eH ceTII, H,QeaJIbHYIO TOl\.OorpaHHLJ.HBaIOWYlo 3:J.LUHTy OT TOhOB },. 3 II neperp\30K,

tlTO Ha 10-15 neT YBenWlliBaeT CpOK cnYA\6bI o6opYAOBaHlI5I Hero Hu.ueA\HOCTb

ITpu lfcnonb30BUHHII P3H'OB B HaCOCHbl"'< 3KOHOMmI no BOge II 3aTpaT ::3Hepnm H<1

ee nepel\. Tl{f'J n03BOn5IeT CGl\.paTHTb CPOh oKynae\WCTH AO 0,5 ro,n:a

DPH 3TOM cal\lII npuBO)1bl P3H He HY)KJlaIOTCII npal\.THlreUd·! B \,\o,n:e

Mbl rOTOBbl K COTpy,qHlo1yeCTBY C BaMlJt B Bonpocax

• o6cne,qOBaHlo151 CYt.U.eCTBY\Qt.U.ero o6oPy,qoBaHIit51 lit pa3paOOTKlo1 T30 ero

MOAepHlo13a4litVl (opraHIit3a4V151 HeceT TOI1bKO KOM3HAlitPOB04Hbie

P3CXO,qbl),

• p33pa60TKIit nporpaMM BHeApeHVlH 3Heproc6eperal<Jw.ero 3I1eKTpO

o6oPYAoBaHVl51,

• peWeHVl5I Bcero KOMnneKca 3a,qa4, C8s:13aHHb/X C 8HeApeHVleM

3Heproc6epera l<Jt.U.ero 311eKTpoo6oPYAoBa Hlo151 n pOeKTlJt pOBa HVls:I,

lo13roTOB11eHlits:l, nocTaBKVI, MOHT3}f{3, H3113AKIit, o6yYeHIit51 nepCOHaIla,

rapaHTlo1~Horo lJt nOCI1erap3HT~~Horo 06CI1YiKIitSaHlo151

Mbl npO~3Bo,qHM TaK A<e YCTpO~CTsa nnaBHoro nyCKa \-...OTcpble

O.J.HOGpe\leHHO \IOrVT c,LUeCTBellHO LI-H13llTh nOTepu B 3nel\.TP0,.lBlIr:lTeu\. II H\ H:J.rpeB B

Te' L;ryqa5l\ l\.Or,:{1 OTCVTCTB'veT nOTPe6HOCTb B pery1I1poBamUI tl1CTOTbI BpaWeHH5I

OplInnr,1I0 KO\mneKTbl IIHqJOP\IaIJ:J.WHHbl\. \WTepI11JTOB
3apaHee 6JI1ro..a:apHbl 3<1 OTBeT

r0 BHe,n.pemm 3Heproc6epermoru:ero1
060py.n:OBaHWI

--

BonO\-...HTtl 11 H

1997r

3HEPrOCEEPE~EHME
MeamYHap0,UHbIH KOHCOpUnyM

MK3

105-1051
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1 \It.X<!ld31l0e 11lnplOhLHllL 380B, 400B, 41SD
IP 22 IP 54

Walla, usa qella, USD l\ella USD
HOl>lIll1 MOl1tH HOMlHl MOUIIi IP 22 683 IP 22 c IP 54 c

Tun TOK J1DHrar TOK ABllraT BhlcoTa lUHplllla rnyci!1fla Bee EMC EMC EMC
npe06pdJOUdTeWI A KBT A KBT MM 1\1/1 MM Kr qHlflbTpa cl.llfflbTpOM C!H1IlbTpOM

ACf601-0016-3 32 IS - ~ 526 304 310 25 2291 2458 -
ACr601-0020-3 ,11 18,5 32 15 2881 3 105 3493
ACf601-0025-3

-~ --- -
18, 'i 368017 22 41 3101 3 545

ACX601-0030-3 62- 30 47 22 71') 10 I 357 35 3752 4017 ---:j2~

ACr601-00-l0-3 --~i(~- -
62 49~37 30 4 151 1787

ACr601-0050-3 80 45 76 37 5681 6 107 6307
AC f60 1-0060-3 111 55 89 45 6351 6831 7 161
ACT601-0070-3 121 75(60) 112 55 715 301 429 50 7245 8 0'17 8377
ACf601-0100-3 17-8- 90 - - 9666 10350 -
ACf601-0120-3 200 11O( 100) - - 860 '180 '128 88 11 192 11 989 -
ACf607-0100-3

- ---
II 463178 90 147 75 13973 14603

ACf607-0120-3
----

J..lQ(100) 860 16 819200 178 90 480 428 88 13 119 17509-
ACf607-0140-3 260 132 200 110 16675 21 416 22396
ACF60 1-0 170-3 316 160 260 132 19093 24 581 25751
ACr607-0210-3 395 200 316 160 2065 1030 644 370 21 258 27 169 28509
ACf601-0260-3 480 250 395 200 23771 30274 31 784
ACr607-0320-3 520 315(270) 480 250 2065 1030 644 400 27859 35794 37504

1:1\1 C c}mJjh I J1 - yL1J1oilL lUD YMcHbl1lalOll(eL UJ(J(lIlure 6pocIo.oa TOKa OT ACS 600 11 llllflUOlUd\ celli

Cll..1/Cllb 3aUUllLl - IP 22 II IP 54
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APPENDIX F ABBREVIATIONS AND MEASUREMENT UNITS



ABBREVIATIONS

CCD - condensate contammatIOn detennmatIOn
ECO - energy conservatIOn opportumty
ESCO - energy savmg company
hrn - hnvma
FIg - figure
NPP - nuclear power plant
tel - telephone
VAT - value-added tax
US - Umted States
USAID - Umted States Agency of InternatIOnal Development

MEASUREMENT UNITS

barg - atmosphere gauge
BTU - BntIsh thermal umt
°c - degrees Celcmm
cm2

- centimeter squares
of - degrees FaranheIt
g - gram
Gcal - gigacalory
GJ - gIgaJoule
h - hour
kcal - kilocalory
kg - kIlogram
kgf - kilogram-force
kV - kIlovolt
kV-A - kilovolt-amper
kW - kIlowatt
kWh - kIlowatt hour
Lm-lumen
m - meter
m2

- meter squared
m3

- meter cubed
mm -mmute
MJ - megaJoule
mm H20 - mIllImeters of the water column
MW - megawatt
t - tonne
tlh - tonnes per hour
W - watt
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Currency rates of exchange

1 hnvma - local currency umt
1hnvma = US$O 54 as of December 1997

ConverSIOn factors

1 cal = 4 187 J
1 ecal = 4 187 1<1 = 3 968 BTU
1 Gcal=4187x 103 =4187GJ
1 BTU = 1055 J= 10551<1= 1055"'{ 10 3 MJ

Power

1 W = 3 6 X 103 J = 3 6 1<1
1 kW = 3 6 x 103 1<1 = 3 6 MJ = 860 Ccal
1 MW = 3 6 x 103 MJ = 860 Ccal
1 Ceal = 1 163 x 10 3

1Gcal=1163kW=1163MW
1 kW = 0 102 HP (boller)
1 kW = 1 34 HP (mech)

Pressure

I kg/em = 1 atm
1 atm = 101 325 kPa = 0 1 Mpa
I bar = 10' Pa = 100kPa = 0 1 Mpa

1 mm =003937 III = 0 00328 ft
1 em = 0 3937 III = 0 0328 ft
1 m = 3 937 III =3 281 ft

1 gram = 2 2046 x 10~ Ib
1 kg = 2,2046 lb
1 t = 1000kg = 2 2046 X 103 ft
Area

1 cm2 = 0 155 square III = 1 076"'{ 10 ~ ft
1 m2 = 1 55 x 103 square m= 10 76 square ft



Volume

1 m3 = 35 31 ell ft = 1000 1
11 = 35 31 x 103 ell ft
11 = 0 264 US gal

Heat content

1 kJ/kg = 0 43 BTU/lb
1 kJ/m3 = 26 84 x 10 3 BTU/ell ft
1 MJ/m> =26 84 BTU/ell ft
1 Ceal/m3 = 4,187 kJ/m3 = 0 112 BTU/ell ft

Temperature

°c = 056 (Dp-32)
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