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i Executive Summary 

The countries of Eastern Europe face unprecedented changes in both their political and 
economic systems. To aid in the transition to market economies, the U.S. Agency for 
International Development (USAID) designed the Eastern Europe Emergency Energy 
Program. Resource Management Associates of Madison, Inc. (RMA) is the technical 
assistance contractor for the Industrial Energy Efficiency component (IEEC) of the program 
in Czechoslovakia. RMA was provided valuablie assistance by two in-country subcontractors: 
1) Stredisko pro Efektivni Vyuzivani Energie (SEVEn), in the plant selection and in-country 
logistics; and 2) Elektroprojekt in the audit and equipment installation. 

Czechoslovakia faces severe energy problems including uncertain oil supplies, pollution from 
burning coal, and questions about the future of nuclear energy. The Czechoslovakian 
industrial sector has experienced large increases in energy prices, the latest in January, 1991, 
bringing energy costs in-line with world energy prices. At the same time, the country has 
embarked upon a fundamental economic structural reform. The US Agency for International 
Development established the Industrial Energy Efficiency Program to help mitigate the 
impacts of increased energy costs on the industrial sector by providing technical support 
through energy audits and economic support through purchase and installation of energy 
conservation equipment in selected representative industrial plants. 

As part of this program, 
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Energy Audit 

The Autobrzdy factory in Jablonec, Czechoslovakia was audited April 2-5, 1991. The audit 
team examined steam, electrical, compressed air and space heating systems to determine 
opportunities for energy saving improvements. The audit results showed five areas of 
immediate improvement which could reduce the plant's steam consumption by 6.4%, as 
shown in Table 1. 

During the audit the following short-term energy conservation opportunities were identified. 

1. 	 Uncontrolled building heat can be eliminated by the addition of temperature 
regulating control valves to the heat radiators. 

2. 	 The heat loss from Building D-2 can be reduced by inmstalling insulation in the 
building's exterior walls. Also, insulating hot pipes and valves would result in 
energy savings. 
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3. 	 The air compressors offer an opportunity to recover the heat from the compressed 

air/cooling water heat exchanger and the compressor cooling water. 

4. 	 Insulating hot pipes, valves and condensate return in tanks would save energy. 

5. 	 The service hot water temperature, reset to 50 °C, and the old control valves 
replaced with improved thermostatically controlled valves, would result in energy 
savings. 

Table 1. Summary of Energy Savings 

DESCRIPTION 

Uncontrolled Building 
Heat 

Added Insulation to 
Building D-2 

Heat Recovery from 
the Air Compressor 
Cooling System 

Uninsulated Piping and 
Condensate Return Tanks 

Reset Service Hot Water 
Temperature 

Total 

ENERGY 
SAVINGS 
GJ/year 

1932 

370 

718 

1404 

298 

4722 

STEAM 
SAVINGS 
Metric ton/yr 

782 

149 

290 

540 

120 

1881 

STEAM
 
SAVINGS
 
Kcs/year
 

476832 

90965 

177346 

329901 

73260 

1,148,304 

Notes: 	 Total energy savings represents 6.2 percent of the steam production for 
1990, 75113 GJ total. 

Steam 	cost: 235.0 Kcs/GJ (610.5 Kcs/TON). 
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In addition, the following long-term energy conservation opportunities were defined. 

1. 	 Heat recovery from galvanizing and chrome plating exhaust hoods and the 
Galvatek cooling water system. 

2. 	 Autobrzdy should consider installing an air curtain on the truck entrance to 
building M-1. 

The audit emphasis was placed on existing systems which would not be significantly affected 
by Autobrzdy's future plans. The five short-term improvements recommended could be 
implemented immediately. 

The enthusiasm and support of Autobrzdy's management during the energy audit visit attests 
to their interest in energy conservation. 

The audit team is specifying the following equipment to implement those recommendations 
with the best payback period within the equipment budget: 

1. 	 Four 50 mm High Pressure Steam Valves with Controller 
2. 	 Forty nine 3/8" Low Pressure Valves straight, integral sensor 
3. 	 One 3/8" Low Pressure Valve angled, integral sensor 
4. 	 Two 3/4" Low Pressure Valves straight, integral sensor 
5. 	 Insulation on 490 valves and some piping, installed. 

Implementation Phase 

A follow-up visit was made to the plant August 5 and 6, 1991 to determine the status of 
implementation of the energy conservation measures. The insulation work was complete, 
while installation of the control valves was ongoing. It was anticipated that all work would 
be completed by the end of September. 
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ii. Description of Energy Efficiency Program 

The industrial sector in Czechoslovakia is well developed and contains many large and heavy
industries. However, there are many medium size industries within the country that 
consume a large percentage of the industrial energy used. Many of these specific industries 
are made up of multiple companies and plants within the country making them ideal targets
for industrial energy audit work because of the high potential of replication. Many of these 
medium-size plants are quite viable, but have ,iot yet implemented energy conservation 
activities. 

Increases in energy prices to equivalent world prices have put additional pressures on 
industrial firms to conserve energy. Changes within the economic system (increasing energy 
prices, privatization, etc.) will necessitate increased energy efficiency and reduced energy
intensity of production. Along with the industrial audit program, the overall program will 
provide training on energy efficiency practices, measurement and energy management. This 
training will demonstrate the benefits of energy conservation and illustrate the advantages 
of making all employees aware of energy waste. 

The Industrial Energy Efficiency Program is based on four distinct tasks: 

1. Industrial plant screening 
2. Industrial plant energy audit 
3. Policy analysis 
4. Implementation. 

Fifteen industrial plants were screened and eight were selected to be audited. Criteria used 
in this selection included: 

* opportunity for energy savings (with a focus on oil savings) 
* potential replicability of energy saving options in similar plants or systems 
* future viability of the plant in the changing economy 
• size of the plant
 
* other activities such as joint ventures or other bi-lateral aid projects.
 

The energy audit activity, described in detail in this report, determined the overall energy 
efficiency of the plant, which was used to identify no/low cost equipment opportunities with 
short-term payback. An assessment was made of the technical and management capabilities 
and capital investment decision-making processes regarding energy conservation applications.
Preparation of equipment specifications and other documents required for procurement of 
U.S. equipment or materials completed the audit. 
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In the implementation phase, equipment specified in the energy audit was procured, cleared 
through customs, and delivered to the plant. Also, requirements for installation of the 
material were identified. Where possible, this was done by plant personnel, or alternatively, 
by CSFR contractors. Following installation, the effectiveness of the energy conservation 
application was evaluated. 
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1.0 Plant Description 

Autobrzdy is located at: Na Roli 26, 466 90 Jablonec nad Nisou, Czechoslovakia (See Figure 
1o Autobrzdy PlotPlan). The factory is one of several factories operated by Autobrzdy; other 
factories are located else where in Bohemia. The factory produces components and sub
assemblies for brake systems and engine pistons for both automobiles and trucks. The 
principal customer is Skoda. Castings, steel bars, and small components such as springs and 
rubber goods are the raw materials used at this plant. Machining, plating and assembly are 
carried out on a three shift schedule (6:00-14:30, 14:00-22:00, 22:00-6:00), five days a week. 
The second shift produces half of what the first shift produces and the third shift operates 
only the multiple screw machines and one machining hall. The factory employs 980 people, 
with the sales in 1990 of 600 million Kcs. The current demand for products is less than it 
was in 1990. 

The factory is managed by: 

Mr. Josef Menc, Director 
Mr. Eduard Vrastil, Deputy Director, Technical 
Mr. Victor Payer, Power Engineer 
Mr. Vladimir Teplik, Assistant to the Technical Director 
Mr. Pavel Bursa, Power Department. 

The factory phone numbers are (422)262 70 and fax (422)245 27. 

Workers manufacture components in a series of halls containing multi-station machine tools, 
multiple screw machines and other medium sized production machines. Two 6300 
kilonewton presses form pistons from solid metal cylinders into a hollow shape. The rough 
piston is then centerless ground to achieve the overall diameter. The factory also processes 
the auto components in a galvanizing process (Galvatek), hard chrome plating, zinc plating, 
and pickling. 

The factory processes industrial wastewater through chemical treatment, storage, settling, 
sand filtering, and filtering (filterpress). The sanitary wastewater produced by the plant is 
placed in the local sanitary sewage system. 

The plant managers recognize that various plant production and machining operations will 
need to be changed to be more competitive in the world market. Construction of the new 
compressor station, steam distribution center and several machining halls have been 
completed or are near completion. Other projects, including the new annealing furnaces 
and the automated palet storage/retrieval building, are on hold pending finalization of their 
future plans. 
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2.0 Plant Energy Profile 

The factory utilizes steam heat provided by the local steam utility to provide space heating, 
production process heating and service hot water. Steam consumption for 1990 was 28912 
metric tons. Steam enters the factory at two locations at a supply pressure that varies 
between 0.2 to 1.3 MPa and a temperature between 130 and 190 'C. Autobrzdy manually 
regulates this down in two steps from 1.3 MPa to 0.4 MPa down to 0.04 MPa. They have 
found automatic regulating type steam valves unreliable. The steam is used directly for 
space heating and indirectly to heat water in a recirculating space heat system for newly 
constructed buildings. The power engineer would like to convert all space heat to hot water 
in the future. The steam is also used to heat the electroplating process baths and metal 
parts washing equipment. The steam is distributed and returned as condensate at several 
plant distribution centers as shown in Figure 2. The condensate is stored in small transfer 
tanks and pumped to two main tanks located at the two steam utility supply points. From 
there, the condensate is pumped through a meter back to the utility. Autobrzdy recently 
completed a new steam utility distribution center in building SO-114. As part of the new 
construction, a water-to-water heat exchanger has been installed to recover energy from the 
hot condensate for space heating. 

Autobrzdy is billed by the utility for the steam energy the factory consumes (see Table 2). 
The actual monthly record of steam consumption is the condensate return meter readings. 
The utility estimates the steam system losses are 5%, the steam enthalpy is 2.598 GJ/ton,
and the condensate return temperature is 45 *C. This ar-- roach may be used to avoid 
potential difficulties and expense in steam flow measurement. The bill is structured so that 
in the future, data for actual steam temperature and pressure, and condensate temperature
could be entered to provide a more accurate estimate of the steam energy consumed. 

The plant has six service hot water heaters, located as shown in Figure 2. Water is heated 
to 68 °C by steam or hot condensate returned from the building space heating system. The 
peak domestic water demand is at 14:30 at the conclusion of the first shift. Hot water is 
utilized primarily in the workers' locker rooms for bathing. Control of the service hot water 
temperature is not reliable and has been supplied as high as 80 'C. 

The plant also utilizes a small quantity of town gas for the metallurgical laboratories. 
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Table 2. Autobrzdy Factory Energy Consumption and Costs for 1990 

Month Steam Steam Electric Electric 
(GJ) (Kcs) (kWh) (Kcs) 

January 4022 896538 409605 266567 
February 2947 656911 363475 244389 
March 3934 876922 402745 261474 
April 2402 535426 335125 233899 
May 1290 287552 339010 227672 
June 1285 286437 322770 219108 
July 1140 254116 208670 169226 
August 817 182116 330610 219354 
September 1782 573149 339325 225233 
October 2177 700194 389760 235462 
November 2727 877092 428470 268437 
December 4389 1482341 340130 347971 

Total 28912 7608794 4209695 2918792 

Average steam price (Kcs/ton): 263.2
 
Average electric price (Kcs/kWh): 0.69
 

Steam energy content: 2.598 GJ/ton
 
(Enthalpy of the steam minus the enthalpy of the condensate return)
 

The plant has four new air compressors capable of producing 0.6 to 0.7 MPa compressed
 
air. The old compressors are no longer in service. The air compressor configuration is
 
shown in Figure3. Compressed air isused to clean parts and operate tooling and equipment
 
used in production. Typically, one to two compressors can manage the entire plant air
 
demand. Cooling water is circulated through the compressors and through an air-to-water
 
heat exchanger on the compressed air outlet. The gained heat is rejected by a cooling tower
 
located on the roof.
 

Electric power is provided by the utility and stepped down to 380 volts with several power
 
transformers, as shown in Figure 4. The power supply system is equipped with a power
 
factor correction system. The plant has on average been able to maintain a 0.95 or greater
 
power factor. Electric consumption was 14,059,000 kWh for 1990. Electrical power is
 
primarily used in the electroplating processes, metal annealing furnaces and machining
 
equipment. The power distribution center is equipped with individual kWh meters for
 
monitoring the monthly usage of each manufacturing area or building.
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The factory obtains water from the local municipality and the river. The river water is 
treated and used as industrial water for several plant processes and cooling systems. The 
municipal water is used for service water and potable water. 
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3.0 Audit Description 

The audit began with a meeting on April 2, 1991 attended by Mr. Eduard Vrastil, Deputy 
Director; Mr. Pavel Bursa, Power Engineer; Mr. Victor Payer, Technical Director; Mr. 
Valdimir Teplik, Assistant to the Deputy Director; Mr. Aiexs Kij, Institute fo: Industrial 
Management Automation; Mr. Lubomir Myslik of Enermy; Mr. Dries and Mr. Pavelic. 
Participants discussed the purpose of the plant audit. A tour of the plant determined the 
general layout and arrangement of the facilities and helped the auditors obtain an under
standing of the operations. The auditors selected specific areas of the plant to be audited 
in detail. These areas/items includeti: piping insulation, uncontrolled building heating, 
building insulation, service water heating, and waste heat rejected from the processes and 
air compressors. The short duration of the audit limited the pipe insulation and 
uncontrolled space heating to one third of the areas with steam and hot water distribution 
stations. 

Mr. Teplick assisted the audit team and also served as an interpreter. Mr. Kij and Mr. 
Myslik observed the audit. Mr. Payer was present about 25% of the time to answer 
questions and provide guidance. Mr. Payer and Mr. Teplik furnished information on the 
energy usage of the plant. Additional people in the plant furnished information that was 
requested by the audit team. 

The audit team measured pipe surface temperature with an infrared digital non-contact 
pyrometer, and recorded pipe dimensions to determine heat losses from uninsulated steam, 
condensate and hot water piping and tank surfaces. (see Appendix C) 

Exhaust air flows and temperatures were measured from the zinc and chrome plating 
processes. The use of the velometer for air flow was demonstrated during this portion of 
the audit. (see Appendix H) 

The auditors used an ultrasonic flow meter to measure the water flow to the cooling tower 
from the air compressors. Water temperature was recorded and an estimate of the heat that 
could be recovered was made. (see Appendix D) 

On Friday, the audit team presented their r ,commendations, including an explanation of the 
funds available to implement some of the recommendations, at a meeting attended by Mr. 
Josef Menc, Plant Director, Mr. Payer, and Mr. Teplik. Participants discussed the 
recommendations as well as the details of the implementation time schedule. 

Mr. Menc, Plant Director, concurred with the recommendations and will send a letter to 
RMA prioritizing the recommended projects. 
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4.0 Summary of Results 

The energy audit identified several short-term and long-term energy conservation concepts. 
The short-term projects are characterized by low or no implementation cost, short payback 
periods and implementation time and energy savings realization within two months. Long
term. projects are characterized by a higher cost to implement and longer payback periods. 
Often, long-term projects involve major construction and could require 6 to 12 months to 
implement. 

4.1 Short-Term Energy Efficiency Opportunities 

Uncontrolled Building Heating: The energy loss due to over heating of the buildings is 
estimated to be 10% because the heating units are controlled by manual valves. Installation 
of automatic control valves is recommended as a way to save energy. The heat saved is 
estimated to be 1932 GJ/yr: 2.5% of the annual steam usage. See Appendix A for a 
summary of the buildings audited and heat loss calculation. 

Reduced Service Hot Water Supply Temperature The service hot water supply 
temperature of 68 C is neither necessary nor desirable except for the heater serving the 
kitchens. Water above 50 C is too hot to touch directly. Approximately 25% more energy 
is required to heat water to 68 C instead of 50 C. Additionally, service hot water piping 
losses will add 30% to the required energy for heating service water. If the hot water tanks 
are properly sized, the service hot water supply temperature can be reduced to 50 C 
without affecting comfort. The energy savings in reducing the service hot water temperature 
is estimated to be 298.2 GJ/yr, as shown in Appendix B. 

The existing control valves that provide steam heat to the service hot water are not properly 
controlling. The audit team recommends replacing the existing valves with more reliable, 
new thermostatically controlled valves to achieve the reduced service hot water temperature. 
The installed cost for four control valves isestimated to be 129,600 Kcs. Payback would be 
less than 1.9 years. The audit team recommends leaving the manual controls for the 
condensate return heat portion of the service hot water system due to the variable flowrate 
of due to seasonal and daily steam usage. It is also recommended that the factory install 
the fourth hot water heater and pipe the condensate return to a common manifold in 
building M-1. In this arrangement, the system may be more capable of meeting the peak 
hot water demand and the hot condensate will flow uniformly to all four hot water heaters 
in building M-1. 

Insulation of Building D-2; The walls of this building are not insulated and the heat lost 
through the walls can be reduced by adding a layer of insulation and an outer surface of 
sand finished plaster. This will result in a savings of 370 GJ/yr: 0.3% of the annual steam 
usage, as shown in Appendix E. 
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Heat Recovery trom the Air Compressors A cooling tower is presently used to reject heat 
from cooling of the compressed air and the cooling of the compressors. The heat is rejected 
to the outside by the use of this cooling tower. The heat could be used to heat the building 
in the winter by installation of unit heaters to recover the heat. This will result in savings 
of 718 GJ/yr: 0.9% of the annual steam usage. See Appendix D. 

4.2 Long-Term Recommendations 

Air Exhaust from the Electroplating Processes: The ventilation air exhausted from the 
hoods over the electroplating tanks contain usable low-grade energy. The audit team 
measured the Galvatek process air exhaust and the hard chrome process exhaust. 
Calculations for the application of an air-to-air heat exchanger are provided in Appendix 
H. The exhausting of electroplating fumes results in a loss of heated air to the atmosphere 
during the heating season, and the introduction of cold make-up air into the building to 
maintain an air balance. Exhaust from the existing ventilation fans could be directed 
through a heat exchanger where heat could be transferred to fresh make-up air. A fan 
would be required to force the fresh air through the heat exchanger and then back into the 
building. The payback for the Galvatek air-to-air heat exchanger and fan system is 
estimated to be 17 years due to the low exhaust temperature of the exhaust and limited 
operating hours (one shift). The payback for the hard chrome air-to-air heat exchanger and 
fan system is estimated to be 9.5 years, which is better than the Galvatek payback due to 
a slightly higher exhaust temperature and longer operating h-',,jrs (two shifts). 

Air Curtain: The truck entrance located on the east side of building M-1 is a source of 
energy losses during the heating season. Autobrzdy does have plans to equip only forklift 
trucks with infrared door operators. In this way the pedestrian traffic would be eliminated 
and the door would be left open less. With the high traffic through this door, Autobrzdy 
should consider an air curtain. The heat lost through the unrestricted door is estimated to 
be 608.3 GJ/yr, and with an air curtain, 282.1 GJ/yr. This would result in an annual energy 
savings of 326.2 GJ/yr. See Appendix G. Payback would be approximately 2.5 years 
(installed equipment cost of 202,500 Kcs and deducting annual electrical consumption cost). 
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5.0 Plant Management/Organization 

Autobrzdy has several projects under way to modify and change the plant. Plant personnel 
do recognize the need to improve energy efficiency. Management should consider 
implementing a plan to carry out both short-term and long-term energy conservation. This 
plan should include training of people in the plant to recognize the importance of energy 
savings. A formal plan with identifiable people responsible for training and implementing 
an energy conservation program at the plant needs to bc developed. 

A management position with the title energy manager is a good way to focus attention on 
the need to conserve energy. The person with this title may be an existing manager who is 
given the additional responsibility. Regular meetings of the managers (for the purpose of 
discussing ways to save energy) help to insure that energy conservation has a high priority. 

Significant savings in energy used for space heating can be made by changes in the way 
people use the work space. Turning off manual valves to prevent over heating and closing 
open doors are examples of the things people can do to reduce the waste of heat. 
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6.0 	 Implementation Evaluation 

The visit to Autobrzdy on 5 August was to determine the status of the energy conservation 
measures funded for implementation. At a meeting attended by Messr. Dries, Erickson, 
Anderson, Malek, Payer, Teplik and Vrastil the following items were discussed. 

6.1 	 Project Status 

The insulation of the piping is complete and the owner is satisfied with the work. A review 
of the piping was made on 6 August and the work is satisfactory. Picture number one was 
taken where valves and pipe were insulated. Autobrzdy will send a letter to RMA with 
copies of the invoices for payment. The letter will include acceptance of the work by 
Autobrzdy. The following is a summary of the energy conservation recommendation 
installations. 

1. 	 Control Valves for Domestic Water Heating: The Honeywell valves are on order 
and have not been shipped. The promised date for shipment was late July. Mr. 
Malek will continue to follow up on the valves. The owner will install the valves by 
the end of September. Picture number two, in Appendix I, was taken of the piping 
in the 	room where the valves are to be installed. 

2. 	 Control Valves for Building Heating The valves are at the Autobrzdy plant. 
Installation is scheduled to be completed by Autobrzdy people by the end of 
September. A Danfoss catalog was given to Mr. Payer for his files. Picture number 
three, in Appendix I, was taken of the Danfoss valves being unpacked. 

Additional discussions of energy conservation opportunities were focussed on projects where 
equipment was not specified. 

1. 	 Wall Insulation for Building D-2; New quotations for the work will be obtained 
based on 5 cm insulation thickness. A discussion of how to attach the insulation to 
the building resulted in several ides but none were known to be feasible for the local 
contractors. A meeting with a contractor is scheduled to resolve this problem. 
Based on the new quotation from the contractor of 407,000 Kcs for the total 
insulation and exterior finish, Appendix E of the draft report had been revised. The 
payback for the insulation cost alone is 1.3 years and the recommended cost 
contribution by AID will be 118,750 Kcs. This additional funding is recommended 
as this demonstration project had a good potential for replication all over the 
country. This project will not be undertaken under the current EEP, due to lack of 
additional funds. RMA will apply to AID for approval of the funds for the wall 
insulation. 
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2. 	 Air Curtain: This proposal was discussed and the owner would like this conservation 

measure reviewed because more building spaces are to be served by fork lift trucks. 

6.2 	 Project Evaluation 

The owner will collect energy consumption data and this will be compared to the energy 
used before the changes were made. This data will have to be adjusted for variations in the 
weather and plant operations. 

Mr. Dries will send a letter to Erie Controls advising them that Autobrzdy is interested in 
manufacturing control valves for Erie in Europe. 



APPENDIX A
 
Calculations for Uncontrolled Building Heating
 



Table Al
 
Buildings and Spaces
 

(Partiallisting)
 
Heat 

Building or Space Number & Use Area Volume Loss
 
Numbers refer to site plan. Meters Meters Thousands
 

Square Cubic BTU/hr
 

D-2 	 Steel Storage and Service 1,599 6,088 367
 
39 steam radiators use only
 
20 auto valvs (1)
 

SO- Air Compre. Water Treat. 864 7,776 464
 
114 10 water radiators and 2 unit
 

heaters
 

M-3 	 Machining 1,340 10,560 1,441
 
30 steam radiators
 

V-2b 	 Zinc Plating 1,615 16,150 1,914 
28 hot water radiators 

V-2a 	 Machining 1,615 16,150 1,914 
32 hot water radiators 

Total 	 (120 radiators) 6,102 

The estimated saving by using automatic temperature control valves is 10 percent of the 
annual heat used. 

The saving equals: 6,102,440*0.10*3000 hr/yr *1055= 1931.4 GJ/yr 
This is 2.4 % of the annual steam usage. 

The saving in crowns is 1931.4 * 247.4 Kcs/GJ = 477,828 Kcs/yr 

The cost for 120 valves is estimated at 120 x 2700 Kcs/valve = 648,000 Kcs. 
The payback is 648,000/477,828 = 1.4 years. 

(1) The number of valves required in building D-2 is reduced because the heat loss is 
reduced by adding insulation to the outside walls of the building. See Appendix E. 

Buildings M-4 and C-12 are offices also with uncontrolled heating and have more 
radiators per square meter than the other buildings and will have a longer payback; 
estimated at 2 to 3 years. 

00\ 



The control valve specification should be for valves that are self contained and have a 
thermostatic operator. This type of valve doesn't require electric power to operate. The 
size range is from 1/2 to 1 inch nominal pipe size and flow from 5 to 10 gpm. Some 
valves may require a remote sensor. The pressure is less than 150 psi, temperature 200 

F. The steam pressure is low 5 to 15 psi and flow 5 to 20 lbs/hr. 

The manufactures data sheets for a type of valve that could be considered for this 
application are in this appendix. The manufactures are Braukmann, Erie, Johnson 
Controls, and Honeywell. The Braukmann valve model VT110 is the style that is 
desired. 

See attached catalog sheets. 



ENERGY-SAVING NON-El.ECTRIC TEMPERATURE 
CONTROL for LOW PRESSURE STEAM and 
HOT WATER SYSTEMS 

Erie's non-electric valves are the most 
simple and cost-effeciveImeans of auto. 
matic temperature control on the market. 
Used extensively throughout Europe for 
years to reduce soaring heating costs, this 
type of fully automatic valve is *deal for 
retrofit and new installation inapartments, 
office buildings, schools, hotels, hospitals,
factories and govenment buildings. Over. 
heating is eliminated, and each heating 
unit isbalanced according to local demand. 

'Totally self-contained, Erie'svalves require
no electrical connections. The thermosta

. ' .. 'tic head of the control contains a heat 
sensitive liquid that expands as the tem-

V""" perature rises, operating the valve to shut 
',.' -off the flow of water or steam through 

J "9 "the radiator. The valves are easily installed 
. . directly into individual freestanding radia

tors, conveclors and baseboard heaters 
-' ~ - J.{it.& usually without changes to existing pip.

"-"-'.,-. :"..-.. . -', .- '. .	 ing. Installation costs are reduced because 
valves can be completely installed by 
plumber or steamfitier alone. 

OTHER FEATURES 
Precise temperature control - 10 F 

, Micrometer-lype adjustment provides 
."..... even room temperature for maxi

mum comfort. 
" Set points can be locked and limited. 
4 Eliminates energy waste from open 

'p 
windows. 

"- *. Adjustable day and night indicator 
sbittings. 

5 -year limited wvarranty. 

•t-	 One-trade installation. 
.---	 "Direct mount oi remote sensor 

S : ,: , ,thermostats. 
. a Threaded connections - Y;, " 

S. -.;:" 	 sizes.," "NPT 
a Fully automaiic, non.electric operaion. 
a Optional tamper-proof locking collar 

prolects valve from unautwor ied 
adjustment or removal of control. 

ERIE CONTROLS
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SPECIFICATIONS 
Applications: 2501 F (120' C) Hot Water and 10 PSI Steam 	 Approximate Temperatures for Numerical Settings of 573 

Thermostatic Heads: 

Temperature Range: 48 -810 F (9 -270 A 0 1 2 3 4 
370 F 48' 520 610 700 750 810 F 

Maximum System Pressure: 200 PSI (Water) 10 PSI (Steam) Valve Body: 
Forged Brass - Nickel Plated
 

Maximum Working Temperature of Liquid-Filled Thermo- Stainless Steel Stem
 

static Heads: The thermostatic head may not be exposed Stainless Steel Spring
 

to a higher temperature than 1220 F (500 CI or lower than Overcoated Disc with Back Seat
 

-40 F (-200 C). " 	 Replaceable "'O" Ring Gland without Draining System 

HOW TO ORDER 
Erie's thermostatic radiator valves consist of direct or remote sensor
 
thermostats coupled with the appropriate valve. Choos. from Erie's
 
selection designed to suit virtually any hydronic heating system. Order
 
each item by part number.
 

VALVE BODIES 

571 ANGLE 	 .572 STRAIGHT 

Number Cv Size 	 Number Cv Size 

571A6 1.2 1/2" 572A6 :1.2 112" 
571 A7 2.4 3/4" 572A7 2.4 3/4" 

THERMOSTAT
 

DIRECT MOUNT, SE LF CONTAINED REMOTE SENSOR 
, Number Temp. - Range 

; 


(9 -270 C) 
Number Temp. - Range Capillary Length 

, 573A7 	 48- 810 F 6feet (2m) 
(9- 270 C) 

TAMPER.PROOF LOCKING COLLAR VALVE CARTRIDGE 

3' 
 without draining system) 574A205
 

~ QComplete Cartridge with "0" Ring 
Gland 574A204 

574A206 

ERIE CONTROLS 
ERIE MANUFACTURING COMPANY 
U.S.A.. 4000 South 13th Streei/Milwaukee. WI 532211(414) 483.0524/800.558.3916rrelex: 2.6867/Fax: (414) 483-6610 
Canada: P.O. Bo% B80/Stouftville. Oniario LOH ILO (416) 640.2363/Telex: 06986645 
Belgium: Er ieConitols Europe. N.V./Industriepark Wollstee/B.2410 Herentals. Belgium/l01.32.14.214096/Telei: 84633186 

Pointed in U.S.A. "TRV.-2. 32 7 (JCoP *,h'. ERIF CONTROLS 



ERIE CONTROLS 

NON-ELECTRIC- THERMOSTATIC VALVES 

SPECIFICATIONS 
Applications: 2500 F (1200 C Hot Water and 10 PSI Steam Approximate Temperatures for Numerical Settings of 573 

Thermostatic Heads: 
Temperature Range: 48 - 81* F (9 -270,C) A - 1 2 3 4 5 

370 F 480 520 610 700 750 810 F
Maximum System Pressure: 200 PSI (Water) 10 PSI (Steam) Valve Body: 

Forged Brass - Nickel Pla-Maximum Working Temperature of Liquid-Filled Thermo- Stainless Steel Stem
static Heads: The thermostatic head may not be exposed Stainless Steel Spring

to a higher temperature than 1220 F (500 C) or lowerthan 
 Overcoated Disc with Back Seat
-40 F (-200 C). Replaceable "0" Ring Gland without Draining System 

VALVE BODIES 

A 

L-. C A 

Number Size A B C D Number Size A B C
 
571A6 1/2NPT 1 1/2 2 1/8 2 3/8 1/2NPT 
 572A6 1/2NPT 3 3/4 1/2NPT 2 1/4

571A7 3/4 NPT 1 5/8 2 1/2 2 7/16 3/4 NPT 
 572A7 3/4 NPT 4 1/8 3/4 NPT 2 1/4 

FOR OVERALL HEIGHT WITH HEAD, FROM CENTER LINE, ADD 2-1/2" TO "C" DIMENSION. 

THER MOSTAT 

' 15 16 5 16• 
1 1516 

3 7.-8 ------

"= -"- 1 4 
a i.4 

573A6 
 573A7
 

'Capillary Length - 6 feet (2m) 

ERIE MANUFACTURING COMPANY 
U.S.A.: 4000 South 13th Stee/Milwaukee. WI 53221/1(414) 4 830 5 2 4 /8 0 0558.3916/Telex: 2-6867/Fax: (414) 483-6610
Canada: P.O. Box 880/Stouffville, Ornario LOH 1LO (416) 640-2353/Telex: 06-986645
Belgium: Erie Controls Europe, NIV./industriepark Wolfsee/8.2410 Herentals. Be gium/011.32.14.21409/Telex: 84633186 



NON-ELECTRIC THERMOSTATIC VALVES
 

" Self-contained, non-electric thermostatic valves for
 
individual room temperature control.
 

" Hot water heating systems or steam heating to
 
10 psi.
 

* Angle or straight-thru bodies. r 

* 1/2" and 3/4" NPT. 

* Direct mount ana remote DUID. 

* Can be set to high/low limit or fixed temperature. 

* Temperature range 4suo- iu I. 

" NPT female inlet/male union outlet. (NOT RECOMMENDED) 

* Improve comfort and fuel economy.
 

* -reeze protection.
 

" No electricity required.
 

" Five year limited warranty. 

PRESSURE DROP GRAPH 
CVu1.2 CVE2.4
 

., . J A.7jA.1 2 31 95 6 7 
 310 
I 1 

o 6 

SI -CAUTION fDOa NOT MOUNT IN A VERTICAL 
3 POSITION. Mount horizontal or use

H *remote bulb thermostat.I 
0. 

,U PRESSURE DROP ACROSS VALVE 
I I., PSI FEET OF WATER 

GPM 1/2" 3/4" 112" 3/4" 

1 .7. .2 1.6 .5 

1.5 1.6 .4 3.7 .9 
2 2.6 .7 6.5 1.6 

2.,5 4.3 ,.0 9.9 2.3 

P_ 6.2 1.6 14.3 3.7 
.5 .4 . .. 1 2 3 6 6 7 1 o 4 A11.0 2.8 25.4 6.4 

FLOW US GP.M 

RIE CONTROLS 
IE MANUFACTURING COMPANY 
:.A.: 4000 South 13th Street/Milwaukee. WI 53221/(414) 4 83 .0524 /100.558.3916/Telex:2-6B67/Fax: (414) 483-6610
,ada: P.O. Box B80/Stouffville, Ontario LOH 1LO (416) 640.2363/Telex: 06-986645
gium: Erie Controls Europe, N.V./Industriepark Wolfsiee/B-2410 Herentals, Belgium/011-32.14-214096/Telex: 84633186 
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DRAUKMANN Thermostatic Zone Valves VT 110 
Non-electric Type VT 105 

For both Hot Water and Steam 

TYPI'CAL SPECIFICATION TYPICAL SPECIFICATION TYPICAL SPECIFICATION 
FOR VT 110/V 105 FOR VT 110 F FOR VT 110 Z 

Braultmann Thermostatic VT .110 F for hot water and VT 110 Z for hot water and 
Radiator Valve VT 10 or VT -.O5 steam. angle or straightway type steam. angle or straightway type 
for hot water and steam. angle or for maximum 248*F 11201C). 14 for maximum 248"F 1120C). 14 
:;raightway type for max. 248'F PSI steam or 150 PSI hot water PSI steam or 150 PSI hot water 
11200C). 14 PSI steam or 150 and maximum 40 ft. water and maximum 40 ft. water 
PSI hot water and max. 40 ft. column differential pressure. column differential pressure. 
water column differential Body of brass. nickel.plated. disc. Body 6f bross. nickel-plated. disc. 
pressure, seal and I O.ring for valve. 2 0. seal and I O.ring for valve. 2 0-
Body of brass. nickel.plated disc.* rings for spindle packing - resis- rings for spindle packing 
seal and 1 O-ring for valve. 2 0. tant to 300OF 11500C). The upper resistance to 300*F (150"C). The 
rings for spindle packing - spindle packing is renewable, upper spindle packing is 
resistance to 300*F I150 C). The without draining the heating renewable without draining the 
upper spindle packing is system. Valve opening spring out- heating system.Valve opening
renewable without draining the, side of water or steam.filled spring outside of water or steam
heating system. Valve opening space, supplied with protective filled space, supplied with protec
spring outside of water or steam- handle cap for manual operating, live handle cap for manual 
filled space. supplied with protec- Thermostat Control T 11 F made operating. 
live handle cap for manual of scratch.resistant plastic Thermostat Control T III Z for 
operating. material' of neutral pearl.white convectors. baseboards and 
Cover plate C 110 should be used and light-grey color with low thor. radiators. Valve connector and 
for T 11I controls installed in mal conductivity, remote control unit made of 
baseboard radiators to cover the Highly sensitive thermostat with highly polished scratch.resistant 
gap made during the installation. excess safety device. Range of plastic material. Range of 

° Thermostat Control (T I11) made regulation between +48 and regulating: +48 to +950F (+9
 
or scratch-resisting plastic +95 F (+10 and (1+280C). to +28*C).
 
material of neutral pearl.white Capillary tube 6'8" long. Bulb Capillary tube 6'8" long.
 
and light-grey color with low that- guard G 110 should be used
 
mal conductivity. Highly sensitive when deemed necessary. The
 
thermostat with excess guard is made of aluminum. prim.
 
temperature safety device. Range ed ready to paint.

of regulation: +48 to +899F
 
1+81 to +26*C). The Thermostat
 
should be completely closed
 
without O.ring or other packings.
 

TYPICAL INSTALLATION FOR THE BRAUKMANN THERMOSTATIC RADIATOR VALVES 

BASEBOARD FIN TUBE 
Broukmann Thermostatic Radiator Valves COMMERCIAL 
VT.110 are easily installed in baseboard 
radiation. Tho valve body is installed directly
in the line and the thermostat head is 

RADIATOR 
rikmonn Volvo type VT
1O-F sensing bulb is / 

mounted through the front cover for ease of 
installation and operation. Types VT-1 10-F 

taunted underneath the/ 
idiation, with the thermostat 

and VT.1 lO-Z may also be applied if desired. istalled inside the valve 
iclosure or access door. 

_ • . . 7 

CONV ~T R __ 
CONVNiR FREE STANDIN(
111 RADIATOI

raukmann Thermostatic RADIuAmannThrmostatiRadiator Valve I'r-I IO.Z with rumnThmott 
ermsa ihsfitodiato cro VTi1. Radiator Valve type VT- I 10-Fremote control thermostat is arereadilyinstalled on existing cas 

installed with the valve body Iiiron radiator,, for eitlar, hot wateinside the convector unit. The ro radiatsC Th. hot war 
remote thermostat is or steam systems. The sensinl 
mounted on the wall. The bulb should be located away frorr 
capillary tube may be instalied I the radiation to assure accuratr 
inside the wall. reading of the thermostat. The il 

lustration' shows a typical hoi 
-: i.water installation. 

FREk STANDING RADIATOR 
- Braukmann Thermostatiac Radialor Valve Type VT 105 is readily ipstalled on existing cast iron 

radiators for either hot water or steam systems. 
The illustration shows atypical installation, but of course the connection could also be at the top of 
the radiator and if necessary with T 111 F or T I I I Z Controls. 

Alterations without prior notice. Printed in U.S.A. 

BRAUKMANN 
10/75 BRAUKMANN CONTROLS CORPORATION 

5 Harvester Avenue Batavia. New York 14020 
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BRAUKMANN Thermostatic Zone Valves VT 110 

Non-electric TypV 
For both Hot Water and Steam VT 105 

BRAUKMANN'S ALL PURPOSE THERMOSTATIC RADIATOR VALVE 
FOR ROTH HOT WATER AND STEAM 
Sizes 1/2" - 1X"angle and straight, with thread or sweat connections. 3 styles - with direct con 
trol VT 110. VT 105. remote control VT 110 F or adjustable remote control VT 110 Z. 

i~.J. 

VT 105 Horizontal Angle TyPI) VT 1 10 Angle Type VT 110 Straightway Type 

APPLICATION 

Braukmann Non.Electric Thermostatic.Radiator Valves are designed for both hot water and steam in same valve and are 
completely self-contained and require only one trade installation. This modulating valve measures and controls area 
temperature with an accuracy of appr. * I IF and is virlually trouble-fies The Sraukmann radiator valves make it possible to 
control each room temperature individually, eliminates having %iopen windows to control comlort and in addition will most 
likely reduce your fuel bills by as much as 20% or more. 

It is interesting to note that we at Braukmann have made the utmost use of modern technology and materials, incorporating 
them in our valve seat disc. 

The disc compound is the most imporlant feature of this valve. It is of high temperature resistant material and approved for 
use with steam up to 2480F (1209C) with a further built-in safety range. therefore eliminating the need for a separate valve 
to handle this medium. 
We prefer elastic material against the metal seating rather than metal. This allows a tight shut-off 

The Braukmann valve may be applied to all types of hcating units - basebiard. convectors. free standing radiators - and 
may control a loop. a unit or a zone. 1. may be designed into a new or an existing hot water or steam system The proper valve 
size for each unit, loop or zone may be selected by using the details on valve size. shape and the performance values included 
in this brochure. 
SIZES AND CONNECTIONS: 
I / 2". 3 /4'. 1" and 1-1 /4" size in angle and straightway type. 

Inlet - female thread or solder adaptor. 
Outlet - male thread untion or solder union connection. 

CONSTRUCTION: 

Valve body IV 110 and V 1051 made of stamped brass or brass casting, nickel plated, valve cone seal and O.rings for valve 
case and spindle packing resist temperatures of up to 300OF f 509C). the upper spindle packing can be replaced during plant 
operation without draining the heating system Valve opening spring is located outside the water filled space Supplied with 
protective cap. which can be used for manual opening or closing of valve during installation 

The-mostatic Control IT I11) made of highly polished. mat.proof plastic material of a neutral pearl'while and lighi-grey tint 

with a low thermal conductivity Highly sensitive thermostat with excess temperature safety device Setting control with 
guide mark numbers, Range of regulation 46 - 891F (B*C - 260C) 

Thermostatic Control with outside sensing bulb IT 111 F) made of highly pofished. mart.proof plastic material of a neutral 
pearl-white and light-grey tint with a low thermal'conductivity. Highly sensitive thermostat with excess temperature safety 
dilce. Setting control voith gdidi, mark numbers The range of regulation between the mark * and the guide mark number 5 
can be selected freely by changing the position of the setting control to any point between 4 48 and -r95"F (90 and 28-C1 
The length of the capillary tube is 6"8". otherwise the execution is %imilarto that of T 111. suitable for all types and sizes 

Bulb guard G 110 should be used when deemed necessary. The guard is made of aluminum, primed resoy to paint. 

Thermostatic Control with remote adjustment IT 111 ZI. for enclzied convectors and baseboard radiators Valve connector 
and remote control unit made of highly polished, mar-proof plastic malariat) 61 a reutral pearl.while and light.grey tint. The 
regulating range between the mark * and guide mark 5 can be selected freely by changing the position of the setting control 
to any point between +48 and +951F (9 and 28C) The length of the capillary tube is 6'8".otherwise the execulion is 
similar to that of T 111. suitable for all types and sizes. 

Printed in U.S.A.Alterations without prior notice. 

10/75BRAUKMANN BRAUKMANN CONTROLS CORPORATION
 
56 Harvester Avenue Batavia, Now York 1400
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BRAUKMANN Thermostatic Zone Valves I 110 
Non-electric Type VT 105 

For both Hot Water and Steam 

tieIT 
M 

• F -R-J ' -- . 

type VT 105 type vr11o type VT 110horizontal angle type angle type straightway type 

Cl 10 

~II 

~type V'T110 F
 

with remote sensor type VT 110as angle or straightway type Zdjustmentwith remote wll mounted 
(guard extra) as angle or straightway type 

PRESSURE AND TEMPERATURE RATINGS:
Maximum initial flow temperature 24801'11120C}
 
Working pressure maximum (hot water) 
 150 PSI. 
Working pressure maximum (saturated steam) 14 PSI.
 
Differential pressure maximum 
 40 ft. water column (17 PSI.|The differential pressure is limitod to 17 PSI mainly because of the increasing noise above this level. (Ask for maximum 
differential pressure.)
However. in areas where higher pump heads ate encountered, we recommend you reduce the differential pressure in theeffected zones by using a differential pressure regulator or a back pressure valve. 

P Angle type Straightway typePipe size R _ '" 4___ 1 .'/"Dimensions "" :rLI 2 '" 2 % 21-,
- -

3 :" 4 4 % - 'a,,,. "I lY'
 
VT 110 
 H maex. 4, 4W .-4 4¥4" 444" h v/a- A 1"A,' .. 


E 1" 11/' " 
-


VT 105 F 2'/6 2'h" 3"" 31
 
""
G S'" 5'," 5%- 51/,

Alterations without prior notice. 

BRAUKMANNBRAUKMANN CONTROLS CORPORATION
56 Harvester Avenue Batavia New York 14020 
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BRAU KMAN N Thermostatic Zone Valves VT 110 
Non-electric Type VT 105 

For both Hot Water and SteamV 

CAPACITY OF BRAUKMANN THERMOSrAlC RADIATOR VALVES FOR HOT WATER GPM 
Valve 

jo 1:34"" "1it0 flyo e 

3! 
-~36 

at 2 18'F63.'4"" 
112'I 11a 

6 ........ 

a. 

QOS , fi0l lt I I 1 I li
,&1 

UPraeI in-dro I.rO v0.1
 
Size 1 I- - U____-1- -1_ 
 1:_lN 

l1lf IlS I Wl fi]11 

GO Pressurdrop aco s elr 
r800 ,.
314"~121100 141C0 ~ 1MI.00 6.00 1;.(X 3.0 000 

(11" W5.00 1902 03 as."0 call 0 2 ,34 S 6 ,00 42,00 4,O1 JoO 


o.S I wG'.2. USA 
i 1 6 1 ! i sU t 
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03/26/0 11:11 V608 222 0700

fg'oP NON-ELECTRIC 

U.
PART NUMBER PEIIPTiow 


571A6 1/2" Affgle Body 


'/IA7 3/4' Angle Body 

672A6 1/2- Srralgtit Bdd, 

57A7 3/4- $SralghtBody 

673AO Direct MountThermosat 


.673A7 Remow Senor Thermoviat 

574A206 Loodn Dovige 

WISCONSIN SLVPPLY 
 F400j

RADIATOR VALVES 

OUGGESTED 
QUANTITY JS CONTRACTOR 

1.39 $23.48 $11.74 
37.107 21.02 $0.81

108+ 20.00 10.46 

1-36 31.32 1.86
 
37-107 20.04 
 14.42
 
108+ 27.72 13.60
 

1,30 17.06 8.20 
37-107 18.86 8.28 
1oo 1t.88 7.04 

1-36 27.94 13.07 

37.107 	 25.78 12.88
 
108 24.72 12.36
 
1"36 27.60 13.64
 

37-107 
 2648 12.74
 
10*4+ 24.02 12.20
 

1-30 62.J4 31.07 
37-107 57.24 28,02 

108. 54.08 27.40 

1-36 1.60 .80 
37.107 1.48 .73
 

100 1.42 .71 

Po,.t' brand faX transm-"WaMe. 7. 

WISCONSIN,. UPPLy CORP. 
OW Gisholt Dr.,

Mason, WI 53713 
608-222-7799 



CONTRLS 
JCRegek.aIQ8 tV* I~b4 .	 aJCIG . Reg lungslechnIk GmbH 

IntenaUonal Dlvllon 
Resource e 	 Max-Planck-StraUe 16Management Associaia, D-T3reldr.7hsof/Taunus520 University Aven-

Madison Telx: 4 1817)J7jd
I 53703 

Tolefax (49-61 72) 73 5.149USA
 

Ov OwSOVOggm VOiYou, R@. 	 UnW ZekchmwYaw Lao d 	 NeWUMMdWI-NW.Our Re. 	 DamEz.-No. D 
91/MM/22 
 26.3.1991
 

Re: 	 Proposal Nr. 475/1/CPRS/058/00

Project: Pragolaktos, Prague, CSFR
 

Dear Sirs,
 

please 	find in the. encloaure the..przposal. ,for,bove mentionedproject. We believe.,that it will fuf.1i your expectations inenergy 	savings.
 

We look forwards to being of ser'"... 
 "'"'dothe U .AID
and'would like to assure you.of ourf:best 'cooperation to make
your projects a success.
 

Please 	feel free to contact us. .aniyin"cse"of a..W.questions
: 
 .
 

Very truly yours
 

JCIR Prague
 
D. Mach 

viuw~ &4= Elm 1.T*agm 10201) 24M~TwxnS? 30 UPte (0201) 24 03 &1.C4Wi: JOKAmogenc Won: HM $121LGeedawuv: Pew PW*dr. LadaAra&-& P~ti 



WProposal.No. :.475/1/CPRS/058/00
Project- • Tragolaktos

I'Locatlon : Pr,,Eue,CSFR 
Date- : March 19,1991 

'4.4' Thermostatic valves for radiators
 

V According to the exact specification of the thermostatic valves 
+. received from Mr.Dvoracek from Pragolaktos,we propose following:valves:
 

Type Quantity 
 Price
 

;."S/8" -2460 18Opcs. 
 .USD 1.440,
I./2" 2462" ,.. 120pcs. 
 USD 1.010,

1.3/4" •2464. ,. 50pcs. USD 465,
.Thermostat.head 350pcs. 
 USD 2.680,

t1/2" :2419; 12pcs. 
 USD 133,
3/4" .2421 . lOpcs. 
 USD 118,.1" 2513; .- .... : L.pc.:, USD 24,-

SThermostat%head . * 23pcs. 
 USD 364,

4-':;. .Total. pos.4.4 USD 6.234,
-* ~ . -



APPENDIX B
 
Calculations for Service Hot Water Temperature Reset
 



Service hot water use at a factory is above that of an office building; an office building is 
typically 3.8 to 7.6 liters per day per employee. The service hot water use at Autobrzdy 
is estimated to be 11.4 liters per day per person. This hot water is used for employees in 
the locker rooms, lavatories and hand washing stations. The required hot water 
temperature to provide comfort is 50 °C. Above 50 'C, the water is to hot to directly 
touch. The actual hot water supply temperature was measured in Building M1, in a 
ninth floor washroom and was 68 'C. The energy savings for resetting the hot water 
supply temperature to 50 °C was calculated as follows: 

Table B1 

Service Hot Water Reset Temperature Calculation 

Liters/day/person: 18.9 

Employees: 980 

Days per year: 260 

Measured hot water temperature(°C): 68 

Reset hot water temperature(°C): 50 

Liters per year of hot water: 2893254 

Heat saved (from 68 °c to 50 'c) (GJ/yr): 217.9 

Heat saved including 30% line losses (GJ/yr): 283.3 

Steam saved(GJ/yr): 298.2 

Steam saved(Kcs/yr): 70077 

Thermostatically Controlled Valve Specification: 

A thermostatically controlled valve capable of regulating the steam provided to the hot 
water heat exchanger with a remote temperature sensing element. Designed for 0.04 to 
0.5 MPa steam pressure, 2 inch nominal pipe line size, flanged connections, and adjust
able temperature set point from 40 to 80 0(1 'C graduations). Include threaded well for 
insertion of the temperature element into the hot water tank. Distance between tank 
and the valve: 2 meters. Total quantity required, for building M-1: four(4). See 
attached sheets for valve selection and prices. 
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R E RE GULATORS :-EMPERATJ
ST 


471 in"rMe .. OOOW&1400. 
. i:,.IVALVE BODIES'; 

.-- -91400 Model 
Swith dial ?: . 1D00 A 91400 COMPACT ACTUATOR CONSTRUCTION 

e

The compact" ctut'o.us'es precision d l ' cast housingsfor exceptionally accurate.' 

aaliment of axis'with durability to retainthls alignment for the life of*the unit. Stamp-.-
JIngs aii~nmd uabinding of the required free moving stem... 
'The dJustment.screw isdry lubricant.impregnated sintered bronze forcorroson re-.:.

• -s stance and ease of adjusting for the life of the unit. .-.: .' :. . 

The stem seals are seiflIubricating teflon and stainless steel spring ioadedor durable 
.. .. . .and maintenance free service.'The bellows and spring are enclosed for extra protection" 

against adverse environments.. 
change of setting Is-An adjustlng-bar Is attached to the unit to be readily available If 

.desired.. 
'The .adjustable dial indIcator mounted on the top of the compact 'indicating 

91400 model rotates and tilts for positioning at the best viewing angle. This dial indl

cates the actual bulb Internal temperature that is generating the valve operating thrust 

and In no way inhibits the valve action.' -" 

SIZES: :."'thr'u 2".Two Way Bronze. 
7 ." thru2". hreeWay Bronze.. 

.i"thru 2"Two and Three Way 316SS.
 
-" thru 1"Two Way Steel.
 
.21/z" thru 3" Two Way Cast Iron
 

COMPACT ACTUATOR VALVE BODIES BRONZE SINGLE SEAT 

VALVE BODIES -	 SINGLE SEAT . 

SIZE 	 VALVE NUMBER 
STEM MOVES IN 'MAX. END TO 

MATERIAL POR "NPT TO CLOSE TOTOTOOPENENDCLSEOPEN TRIM INLET Cv DIM. 
NOMINAL CONN. On Temp. Rise On Temp. Rise PSIG 

Heating Cooling 

N.." AAS REF. BAS REF. 7 
A02 A03 

ABS ADS B4S A06 SS 250 4.8 
- ACS AOS BCS A.4.410OF 250 PSI 	 1 

, ADS A08 BDS A0 	 1.4 
Cast Bronze 
Body With 1 . AES A14 BES A1S 250 2.8 4.8 

Malleable 3/" AGS A19 BGS A22 SS 140 5.6 5.6 

Iro'hOnion 1. AIS A26 BIS Am 80 8.4 6 

Ends 1'/" AKS Am BKS A41 50 15 7.2 

1/" AMS A47 BMS A52 SS 35 21 7.7 

2" AS_ S 'AmS BOS A63 20 33 8.6 
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TEMPERATURE REUULA IUKbTrerice 
DIMENSIONS 

Nos. 91000L sizes 4" and up and 
Nos. 91000 & 91400 /a"thru 2" NPT sizes with 

91000L 3 Way, 21/," and up. 
union ends. 21/x" & 3" sizes with 125 psi standard flanged ends. 

NPT. 
INSERTION
1

9 . .LENGTH 
INSERTION

91000 
LENGTH
 

I*IL "B" 

DIMENSIONS 
DIMENSIONS 

NPT -y,, "B" 3 WAY 
"B" 3 WAYNPT "y" 721/a 4.6 

1/ 1.8 1.8 
85.432.32.31/ 105.642.32.3 

5
1 6.72.82.611/ 


6 7.8 
1/'3 2.6 3.5 

4.13.12 

- 91400 - 91000LBULB DIMENSIONS - 91000 

Union ConnectionUnion ConnectionPlain or with Wellwith BushingAdjustable ConnectionACTUATOR 
(g) () Bulb Lgth. (9) 0 Insertion Lgth. () (D Q Insertion Lgth. 

TYPE @ 16 ft.8 ft. 16 ft. Die. NPT 8 ft.
16 ft. Die., NPTDie. NPT 8 ft. 

1 
 12 '/a 1/, 121/ 121/4
91000 1 1 13 13 1 1 12

"91400 

1'/, 1V/2 261/4 28'/,
29 11/ 11/4 26/, 281/

191000L 1 /, 1'/ 27 

= 20". t@ increases by 1"for each 4 ft. tubing Increment. 
*For 20 ft. tubing 0 16", over 20 ft. to 36 ft. @ 

SPECIAL ACTUATORS WITH SMALLER BULB AND FITTING 

-Thru 2" 3 Way Only)COMPACT ACTUATOR ONLY - (Thru 3" 2 Way 

When the actuator housing temperature will always remain lower than the control bulb temperature in operation, a smaller 3/4" 
NPT threads on

length Is 81/4". Union'connection bulbs have 3A" 
x9" nominal length Is available when necessary. Insertion ( 

NPT threads on well. Not available In plain connection. Use standard bulb numbers, but state smaller dimension 
bushing & 1 
0 length required when specifying bulb. 

(4"& Up 2 Way And 2'/s" & Up 3 Way Only)
NO. 91000L LARGE ACTUATOR ONLY -

When the actuator housing temperature will always remain lower than the control bulb temperature In operation, a smaller 1/" 

". Union connection bulbs have 11/4" NPT threads 
x 13" nominal length Is available when necessary. Insertion 0) length is 12 

veil. Not available in plain connection. Use standard bulb numbers, but state smaller dimen
on bushing & 1V/" NPT threads on 

sion (0) length required when specifying bulb. 



TrerileB TEMPERATURE REGULATORS
 
TYPICAL APPLICATIONSNOS. 91000 & 91400 

INSTALLATION OF I O O91400 REGULATOR
NO. 91400 REGULATOR ON f91A00 REGULA70R Ai 
STORAGE TYPE H.W. HEATER CuIR 

f9)400 REGULATOR ll O NCE STRINER

0!1100 THERICE SPL VPS 

NOT WATER TANK PUMP HEATE 

I
 
STERT .----


S T E A M T R A PO R GE T A N K 

INSTALLATION OF INSTALLATION OF NO. 91000 
140. 91400 REGULATOR REGULATOR CONTROLLING COOLING
 

CUNTROLLING TEMPERATURE 
 WATER JACKET TEMPERATURE ON 
PLATINOR PICKLING TANK. AIR COMPRESSOR 

) 19400 EGULAO~t A...
 

REGULATOR 
9 A91000 

I 10 SA O O 00VATRERICE 

RIRSTRAINER
 

AM91000A REGULATOR5F
CONTHCLNLING COOLING WATER TEMPERATURE AA 

ON ADIESEL ENGINE REGULTOR THERMAL ,,11-1

STEAM 

IOOREGULATOR INLE -j''AAM A IR 

HETOUTLET
 

1HI RMOMET 
, 

WATERI JACKETYPSS, 

DISLI EN 1000 TEMPERATURE REGULATOR CONTROLLING 

HEATING COIL IN AN AIR CIRCULATING UNIT. 

Pape 150.15
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Trarimca 	 CAPACITY TABLES 
STEAM FACTOR Sv 

STEAM PRESSURE PSIG VALVE STEAM FACTO SEE VALVE BODY TABLESValve Inlel fBack PSI At Valve Outlet S__ " 
Vac. 230 

1 
FOR CV RATINGS AVAILABLI 

0 
12 Q = Cv Sv 
17 

VAC 28 0 = Saturated steam in pound, 

24 13 	 per hour.220 	 Cv = Valve coefficient.27 SV = Steam factor. 

8 20
10 5 	 31 

42.o OBTAIN STEAM CAPACITY 
15 10 By multiplying Cv by the Sv shown355 	 7 for valve pressures. 

0 
 54 
1520 	 385110 When steam required is known: 
5 60
 

30 25
20 43 	 CV5910 78 OBTAIN VALVE Cv REQUIRED 
30 66 By40 	 20 89 dividing pounds/hour required by the Sv listed 	at valve15 96 pressures. 
40 7250 30 98 
25 107 Back PSI at valve outlet is the 

60 	
5D 78 pressure produced by the resis40 107 tance to flow downstream in 
30 126 the line. 
65 8675 50 131 
35 157 
80 	

Flow does not increase at outlet 
100 65 

136 pressures lower than lowest
173 shown. 

50 199 

100 167125 80 216 
60 248 

125 183150 	 FOR SUPERHEATED STEAM100 248 CORRECT FACTOR AS FOLLOWS: 
75 290 

150 197 	 5OUF.WithWith 1000 F. SuperheatSuperheat multiplymultiply byby .94175 120.. 
85 

280 With 150F. Superheat multiply by .90
339 With 200*F. Superheat multiply by .87 

160 
130 

262 With 300*F. Superheat multiply by .80200 333 FOR AIR CAPACITIES: Divide factor for the 
desired pressure reduction by 2.8 to obtain180 293 CUBIC FEET OF FREE225 	 140 384 600 F. 

AIR PER MINUTE at 
110 430 
200 FOR GAS CAPACITIES:325 	 Divide factor for250 435 

the desired pressure reduction by 2.8 times150 the square root of the specific gravity of125 	 472 the gas to obtain CUBIC FEET OF FREE 
GAS PER MINUTE at 60 0 F. 

I17n-2 

.96 



EFFECTIVE: 
MAY 16, 1990 

J H.0.TRERICE CO. 
MFR OF TEMPERATURErPRESSURE 

INSTRUMENTS & CONTROLS 
SINCE 1923 

12950 W. EIGHT MILE RD. OAK PARK, MI 48237 	 PHONE: (313) 399-8000 

SELF-CONTAINED TEMPERATURE REGULATORS
 
PRICE LIST NO. 150-210 (Applies to Catalog No. 150)

Please review specifications set forth in Catalog No. 150 prior to placing order. 
TERMS: 1% 10 Days, Net 30 Days, F.O.B. Factory * MINIMUM ORDER: $100.00 NET * Prices Subject to Change Without Notice 

HOW TO ORDER: 

6 91000 AGS 3 95 190 F CS/4H 	  8 B01 W04 
QUANTITY 	 ACTUATOR VALVE VALVE TEMPERATURE UNIT TUBING TUBING BULB UNION OR


MODEL NO. CODE NO. SIZE 
 RANGE MEASURE 	 MATERIAL LENGTH NUMBER THERMOWELL 
CODE NO. (FEET) NUMBER 

ACTUATOR MODELS: 

91000 & 91400 

MODEL NO. 91000 COMPACT ACTUATOR 
PAGE 
 No. 91000 Compact Actuator, non-indicating with 8 ft. std. copper capillary tubing & union conn...................... $314.60 
NO. Copper bulb (B01-H01)or plain conn. copper bulb (E05) 
7 MODEL NO. 91400 COMPACT ACTUATOR 

No. 91400 Compact Actuator, indicating with 8 ft. std. copper capillary tubing & union conn ......................... $387.60 
Copper bulb (B01-H01) or plain conn. copper bulb (B05) 

NOTE: Add valve body to above acutator price. For special capillary materials & wells see page 6 of price sheet. 

COMPACT ACTUATOR VALVE BODIES - TWO WAY TYPE 

jPg.71 BRONZE BODY . SINGLE SEAT- SS TRIM jPg. 8 1 BRONZE & CAST IRON -DOUBLE SEAT. SS TRIM 
SIZE VALVE CODE NUMBER VALVE CODE NUMBER 

STEM MOVES IN SIZE STEM MOVES IN
 
PORT NPT TO CLOSE TO OPEN NPT 
 TO CLOSE TO OPEN
NOMINAL CONN. Temp. Rise 	 Temp.TOpOPe PTITemp. Rise PRICE CONN. Temp. Risese Rise PRC 

Heating. D.A. Cooling. R.A. 	 Heatina D.A. Cooling. R.A. 

" AAS BAS REF.REF $265.15 ," 	 REF.REF' REF' 
 AHS REF. BHS $312.35A02 AU3 A21 A24 

ABS A05 BBS A06 $265.15 1" AJS A29 BJS A33 $382.00
ACS A08 BCS A09 $265.15 11" ALS A39 BLS A44 $484.25
 

I/" ADS All BDS A12 $265.15 1V12" ANS A50 BNS A55 $522.45
 
/" AES A14 BES . A15 $265.15 2" 
 APS A61 BPS A66 $586.45
/," AGS A19 BGS A22 $289.85 21"/ CRS B7 DRS 674 $849.70 
1" AIS A26 BIS A30 $360.65 3"' CTS B78 DTS B79 $992.75 

11/4" AKS A36 BKS A41 $447.15 tDencles bronze trim option.
114" AMS A47 BMS A52 $504.45 'Cast iron -7 flanged ends. 

2" AOS ASO BOS A63 $559.50 
105-5A Valve Packing Kit ...... $12.50 By Pass Hole ....$48.70 

Page 1\k\ 



CONSUMER PRICE LIST NO. 150-210 
COMPACT ACTUATOR VALVE BODIES - TWO WAY TYPE (Continued) 

Pg. 10 CAST STEEL BODY -SINGLE SEAT. SS TRIM Pg. 91 STAINLESS STEEL BODY . SINGLE SEAT. SS TRIM 
SIZE VALVE CODE NUMBER VALVE CODE NUMBER 

STEM MOVES IN SIZE STEM MOVES IN 1 
PORT NPT TO CLOSE TO OPEN PRICE NPT TO CLOSE TO OPEN PRICE 

NOMINAL CONN. Temp. Rise Temp. Rise CONN. Temp. Rise Temp. Rise 
Heating. D.A. Cooling. R.A. - Heating. D.A. JCooling. R.A.
 

C01 - $762.85
 
Y1, C02 
 - $762.85 D261' 030 $1336.95 

V" C03 - $762.85 
C04 - $762.85Vi" C05 C15 $762.85 1'/z" D47 D52 $1640.30 

_" _ C06 C16 $762.85 

Va" C51 . $831.40
 
3116" C52 - $831.40 
 2" 058 D63 $1747.05 
,/4" C53 - $831.40
 
3/" C54 - $831.40
 

C, C65 $831.40
C55 

3/" C56 C66 $831.40 

1l C57 C67 $831.40 

COMPACT ACTUATOR VALVE BODIES - THREE WAY TYPE 
Pg. 81 BRONZE BODY - BRONZE TRIM Pg. 91 STAINLESS STEEL BODY - SS TRIM
 
SIZE NPT CONN. VALVE CODE PRICE
NO. SIZE NPT CONN. VALVE CODE NO. PRICE 

IFA REF. $265.15 1" D34A18 $2016.70 
, IHA A25 $312.35
 
1" IJA A34 $382.00 1/" 056 
 $2422.25 

1 4/ ILA A45 $484.25 
1/" INA ASS $522.45 2" D67 $2584.05 

2" IPA AU7 $586.45 

RANGES (COMPACT ACTUATORS): 

Catalog 

Page
N40. TEMPERATURE RANGES 

RECOMMENDED WORKING SPAN 
COMPACT NOMINAL RANGES HEATING (D.A.) & COOLING (R.A.) DUAL SCALE 

ACTUATORS AVAILABLE COOLING (R.A.)ALL SINGLE SEAT (HOT.) WITH DIAL INDICATORS
91000 & 91400 ALL THREE WAY VALVES SINGLE SEAT ONLY 

OF oc OF oC OF oC OF & OC 
Thru 3" Valve Sizes. 20 to 70 -10 to 20 40to 65 5 to 20 N.A. N.A. 30 to 115 & 0 to 45 

(3 Way Valves "40to 90 5 to 30 65 to 85 20to 30 N.A. N.A. 50 to 140 & 10 to 60 
upthru2"slze) 30 to 115 0to 45 85 to 110 30 to 45 50to 80 10 to 25 30 to 115& 0to 45 

12 
 50 to 140 10to 60 110 to 135 45 to 60 80 to 105 25 to 45 50 to 140& 
 10 to 60
 
75 to 165 25 to 70 135 to 160 60 to 70 105to130 40 to 50 75 to 165& 25to 70
 
95 to 190 35 to 85 160 to 185 70 to 85 130 to 155 50 to 65 
 95 to 190& 35 to 85
 
125 to 215 55 to 100 185 to 210 85 to 100 155 to 180 65 to 80 125 to 215 & 55 to 105
 
140to240 60to 115 210to235 100to 115 80to 95
1801o205 140to240& 60to 115
 
155 to 250 70 to 120 210 to 245 100 to 120 200to215 95 to 100 155 to 250& 65 to 120
 
200 to 280 95 to 135 245 to 275 120 to 135 215 to 245 100 to 120 200 to 280 & 95 to 135
225 to 315 110 to 155 275 to 310 135 to 155 24510280 120to140 225to3& 110 to 15
 

255 to 370 125 to 185 305 to 365 1155 to 185 275 to 335 135 to 165 255to 370 & 125 to 185
 
295 to 420 145 to 215 365 to 415 185 to 215 335 to 385 165 to 195 295 to 420 & 145 to 2151
 
310 to 440 155 to 225 415 to 435 
215 to 225 385to405 195 to 205 310to 440 & 155 to 225


"These ranges not recommended on single seat valves.
Seleci appropriate range from above table by locating recommended working span suitable for desired temperature, then:
ORDER BY NORMAL RANGE associated with that working span. 

Page 2 
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CONSUMER PRICE LIST NO. 150-210
 

91000L 

PG. MODEL. NO. 91000L LARGE ACTUATOR
 
NO. No. 91000L large actuator, non-indicating with 8 ft. std. copper capillary tubing &union conn ........... 
 price $1235.85 

Copper bulb (B01-H01) or plain conn. bulb (B05) 
NOTE: Add valve body to above actuator price. For special capillary materials & wells see page 6 of price sheet. 

LARGE ACTUATOR VALVE BODIES - TWO WAY TYPE LARGE ACTUATOR VALVE BODIES - THREE WAY TYPE 

PG. 11 CAST IRON BODY - DOUBLE SEAT - SS TRIM Pg. 11= CAST IRON - BRONZE TRIM
 
VALVE CODE NUMBER SIZE NPT CONN. VALVE CODE NUMBER 
 PRICE 

SIZE STEM MOVES IN REF.
NPT TO CLOSE TO OPEN PRICE B75 

Temp. RiseCONN. Temp. Rise 
Heating - D.A. Cooling 3" 880- R.A. JTA $1235.85 

SREF. REF. 
4" CVS DVS $1265.45 4" JVA 885 $1584.15e83___B84
 

5" CXS B98 DXS Ba9 $1527.80
 
6" CZS B93 DZS B94 $1929.00
 

RANGES (LARGE ACTUATOR): 

P TEMPERATURE RANGES 
No. 

NOMINAL RANGES RECOMMENDED WORKING SPAN 
HEATING (D.A.) COOLING (R.A.) 

LARGE OF. OC OF CC nF °C 
ACTUATOR 40 to 75 5 to 25 60to 75 15 to 25 50 to 65 100to 20 

910OL 60 to 100 15 to 35 75 to 100 25 to j5 65 to 90 20 to 30 
80to120 25 to 50 100 to 120 35 to 50 90 to 110 301o 45 

12 Over 3" Size 100 to 140 40 to 60 120 to 140 50to 60 110 to 130 45 to 55
 
(3 Way Valves 125 to 165 55 to 75 140 to 165 60 to 75 130 to 155 55 to 70
 
over 2" size) 140 to 180 60 to 80 165 to 180 75 to 80 155 to 170 70 to 75 NOT
 

155 to 190 70 to 90 180 to 190 80 to 90 170 to 185 75to 85 AVAILABLE 
180 to 215 85 to 100 190 to 215 90 to 100 185 to 210 85 to 95 
200 to 240 95 to 115 215 to 240 100 to 115T210 to 230 95 to 110 
220 to 255 105 to 125 240 to 255 115to 125 230to250 110Io120 
240 to 285 115 to 140 255 to 285 125 to 140 250 to 275 120 to 135 

S260to310 130 to 155 285 to 310 140 to 155 275 to 300 135 to 150 
Select appropriate range from above table by locating recommended working span suitable for desired control tenperature, then: 
ORDER BY NOMINAL RANGE associated with that working span. 

'age 3 



CONSUMER PRICE LIST NO. 150.210
 

91000 

PG. MODEL NO. 91600 SAFETY ACTUATOR 
NO. No. 91600 safety actuator, non-indicating with 8 ft. std. copper capillary tubing &union conn.................S78I. 10 
16 Copper bulb (B01.H01) or plain conn. copper bulb (805) 

NOTE: Add valve body to above actuator price. For special capillary materials & wells, see page 6 of price sheet. 

SAFETY ACTUATOR VALVE BODIES - TWO WAY TYPE 

Pg. 17 BRONZE BODY - DOUBLE SEAT - SS TRIM Pg. 17 CAST STEEL BODY - SINGLE SEAT - SS TRIM 

SIZE VALVE CODE NUMBER SIZE VALVE CODE NUMBER 

STEM MOVES IN STEM MOVES IN 

PORT NPT TO CLOSE TO OPRN PRICE PORT NPT TO CLOSE TO OPEN PRICE 
NOMINAL CONN. Temp. Rise Temp. Rise NOMINAL CONN. Temp. Rise Temp. Rise 

Heating - D.A. Cooling - R.A. Heating I D.A. Cooling I R.A. 

/" AAS A02 BAS A03 $265.15 1/8" 01 - - $762.85 
31A" ABS A05 BBS A06 $265.15 3l16" C02 - - $762.85 
1/,,. ACS A08 BCS A09 $265.15 " C03 - - $762.85 
¥ " ADS All 8S A12 $265.15 3/" C04 - - $762.85 

1/2"t AES A14 BES A15 $265.15 1/" C05 C15 $762.85 

/" AHS A21 BHS A24 $312.35 /" C06 C16 $762.85 

1" AJS A29 BJS A33 $382.00 '/8" C51 - - $831.40 

1 /, ALS A39 BLS A44 $484.25 3/,," C52 - - $831.40 

1w" ANS A50 BNS A55 $522.45 1/4" C53 - - $831.40 

2" APS A61 BPS A66 $586.45 ¥ " 1" C54 - - $831.40 

1/2" C55 C65 $831.40tDenotes single seated. 
1" C56 C66 $831.40 

1" C57 C67 $831.40 

RANGES (SAFETY ACTUATOR). 

catalog TEMPERATURE RANGES 
Page
 
No.
 

FAHRENHEIT CELSIUS
 

35 to 60 0to 15 

55 to 80 15 to 25 

65 to 90 20 to 30 

80 to 110 25 to 40 

90 to 115 30 to 45
 

110 to 140 40 to 60
 

125 to 155 55 to 65
 

16 140 to 175 60 to 80
 

170 to 195 80 to 90
 

190 to 210 85 to 100 

205 to 225 95 to 105 

215 to 250 100 to 120 

230 to 265 110 to 130
 

120 to 135
245 to 280 

135 to 150270 to 300 

Page 4
 



CONSUMER PRICE LIST NO. 150.210
 

9100OXT & 91000XLT
 

Pg. NO. 91000XT OR XLT TANK THERMOSTAT 
No. No. 91000XT or XLT tank thermostat with 3" valve body, non-indicating, 8 ft. standard copper capillary tubing and union 
19 connection, copper bulb (com plete unit) ............................................................... $193.25 

1"NPT valve size available on above models, add ................................................ 	 $16.85 list extra.
 

THERMOWELLS FOR TANK THERMOSTAT (CADMIUM PLATED STEEL) 

19 No. 138.0156 1"NPT, 81/2" insertion .................................................................... $22.45 

No. 138-0197A 1"NPT, 20" insertion .................................................................... $61.80 

Catalog 	 TEMPERATURE RANGES 
Page 

Nominal Suggested Thermowell • V NPT Bulb Nominal Suggested Thermowell • 1" NPT Bulb 

Range (OF) Working range (0F) Part No. Length Range (*F) Working range (OF) Part No. Length 

40- 90 60- 90 138-0156 10" 110-190 	 160-190 138-0156 8"
 
180-210 138-0156 8"


45-115 85-115 138-0197A 20" 125-215 

250-280 138-0156


65-140 110-140 138-0197A 20" 200-280 8"
 

8" 280-310 138-0156 8
85-115 138-0156 225-315 

138-0156 8"
 

150.19 85-115 


80-140 110-140 138-0156 8" 310-365 310-365 

138-0156 8"


110-140 110-140 138-0156 8" 295-420 360-420 


130-160 130-160 138-0156 8" _ 

Select appropriate range from above table by locating suggested working range suitable for desired contiol temperature, then: 
ORDER BY THE NOMINAL RANGE associated with that working range. 

SPECIAL & EXTRA CONNECTING TUBING: 

Catalog TUBING MATERIAL Price Per 4 ft. 
Page CODE MATERIAL Increment" 

CS 3/,." O.D. seamless copper tubing 	 $31.45 

SS 3/,6" O.D. type 316 stainless steel tubing 	 $50.55 

150-12 TC 	 5i,," O.D. teflon covering over seamlpss copper tubing $50.55 
(max. temp. 400OF (2040C) 

AB 6t," O.D. brass spiral armor 	 $31.45 

AS 5/," O.D. stainless steel spiral armor 	 $40.45 

Add the above price for each 4 ft. increment required to the next shorter standard length. For spiral armor over the required tubing, 

add the price listed for each 4 ft. increment over the entire capilliry length. 

Page 5
 



CONSUMER PRICE LIST NO. 150-210
 

TEMPERATURE REGULATOR BULB & THERMOWELL OPTIONS: 

STANDARD SERIES 91000 TEMPERATURE REGULATOR BULBS 

Tublni Length Add To Tubing Length Add To Tubing Length Add To Tubing Length Ac
TYPE OF BULB TUBING 8 Feet Actuator 12 Feet Actuator IS FeeI Actuator 20 Feet Acl 

CONNECTION MATERIAL MATERIAL List List List 
Bulb No. Price Bulb No. Price Bulb NO. Price Bulb No. p 

PLAIN CONNECTION 
Without pipe thread Copper Bulb Copper B05 No Extra 815 $31.45 825 S62.90 835 S,
 

*Teflon covered Teflonbulb ng ver coppe B08 $258.40 B18 $308.95 B28... .. '- bulb & tubing over copper $359.50 B38 S41 

Stainless 316 St.Styes 316 St B06 $123.60 B16 $174.15 B26 $224.70 836 $27type 316 bulb steel
 
ADJUSTABLE CONN. Copper bulb 

-- -. & brass fittings Copper B02 $50.55 B12 $82.00 B22 $113.45 B32 $14 
, 316 Stainless 316 St. 

bul Stinss 3St 804 $188.75 B14 $239.30 824 $289.85 B34 $34bulb & fittings steel
 
UNION OR WELL

CONNECTION Copper B01 No Extra B11 $31.40 B21 $62.90 B31 $9 
Coppor bulb 

316 St. StI. B09 $38.20 819 $88.75 B29 $139.30 839 $18 

316 Stainless Copper 803 $85.40 B13 $116.85 B23 $148.30 833 $17 
Includes only coupling nut. bulb
Select appropriate union or 316 St. Sti. B10 $123.60 B20 $174.15 B30 $224.70 B40 $27

well from chart below. 

*Maximum temperature 400OF (2040C). 

UNION AND THERMOWELL SELECTION CHART" 

8 Feet 12 Feet 16 Feet 20 Feet
TYPE MATERIAL Price Price Price PrI

Fitting Fitting Fitting Fitting
No. No. No. No. 

UNION HUB BUSHING Brass H01 H01No No H01 No H01 Ni 

___ Extra Extra Extra Ext 
'ID 316 Stainless Steel H04 $31.45 H04 $31.45 H04 $31.45 H04 $31 

WELL 
Brass W01 $61.80 Will $61.80 W21 $61.80 W31 $89 

Steel W02 $92.15 W12, $92.15 W22 $92.15 W32 $120 

318 Stainless Steel W04 $140.45 W14 $140.45 W24 $140.45 W34 $168 

-For 91000L and 91600 actuators only - multiply above union and thermowell prices by x 2. 
For values of 0, @, ()& 0; see dimension table, catalog pgs. 150.14 or 150-16. 

Page 6 690 PTD U.S.A. 



APPENDIX C 
Calculations for Uninsulated Piping and Condensate Return Tanks 



Pipe heat loss due to radiation and convection was calculated with the following heat 

transfer coefficient equations:
 

Hr = 0.172*E*((Ts/100)^a4-(Ta/100)^4)/(Ts-Ta)
 

Hc = 1.016*(1/D)^0.2*(2/(Ts+Ta))A0. 181*(Ts-Ta)A0.266
 

Q = (Hr + Hc)*(Ts - Ta)
 

where: 

Hr = radiant heat transfer coefficient (BTU/hr ft2 F) 
Hc = convection heat transfer coefficient (BTU/hr ft2 F) 
E = emissivity of the surface (0.8 for rusty metal pipe) 
Ts = temperature of the outside pipe wall ('Rankine) 
Ta = tempera ture of the ambient surrounding air ('Rankine) 
D = outside diameter of the pipe (inches) 
Q = rate of heat transfer of the surface (BTU/hr ft2) 

Conversion factor. Joules/hr m2 = 11357 * BTU/hr ft2 
'R = (deg. C * 9/5) + 32 + 460 
meter = 0.0254 * inches 

The total pipe heat loss is then calculated with the measured surface area of the pipe or
 

tank.
 

Heat loss(pipe) = Q * 3.14 * D * (pipe length) or:
 

Heat loss(tank) = Q * Length * Height
 

The total heat saved is calculated based on the effectiveness of 1.5 inches of insulation 
(0.7) and the estimated steam distribution efficiency (0.95).
 

Heat saved = Heat loss * 0.7 *24 hr/day * 312 days/yr
 

Steam saved = (Heat saved / 0.95)
 

Steam saved (Kcs) = Steam saved * 235 Kcs/GJ
 

See attached sheets for specifications on installation and material.
 



TABLE Cl 
PIPING HEAT LOSSES ESTIMATE 

PIPE
PRODUCTION AREAS V-2a AND V-2b 

HEAT INSULAT
 

LOCATION SURFACE PIPE PIPE TRANS. ENERGY ENERGY ENERGY
 

TEMP. DIAMETER LENGHTH COEFF. LOSS LOSS SAVINGS
 
DEGREE C mMETERS METERS MJ/HR*M2 MJ/HR GJ/YR Kcs/YR
 

ROLI STREET, PLANT STEAM DISTRIBUTION CENTER;
 
STEAM MANIFOLD AND PIPING ALONG THE BACK WALL
 
PIPE 205 160 3 10.29 15.51 67.93 11762. 
3 VALVES 205 230 1.5 10.06 10.9 47.74 8266. 
2 VALVES 212 100 0.6 11.32 2.13 9.33 1615. 
2 VALVES 112 100 0.6 3.33 0.63 2.76 477. 
10 VALVES 100 160 4 2.78 5.59 24.48 4238. 
PIPE 110 50 28 3.39 14.9 65.26 11300. 
3 VALVES 110 160 1.2 3.39 2.04 8.94 154 
5 VALVES 58 160 2 0.66 0.66 2.89 500. 
CONDENSATE PIPING ALONG THE BACK WALL 
PIPE 98 30 7 3.02 1.99 8.72 1509.1 

V-2b AREA STEAM DISTIBUTION AND SPACE HEATING CENTER; 
STEAM MANIFOLD AND PIPING ALONG THE LEFT WALL 
PIPE 73 30 3 1.53 0.43 1.88 325.A 
4 VALVES 73 100 1.2 1.38 0.52 2.28 394.8 
4 VALVE 82 160 1.6 1.75 1.41 6.18 1070.1 
CONDENSATE PIPING ALONG THE BACK WALL 
PIPE 49 40 3 0.41 0.15 0.66 114.2 
2 VALVES 49 160 0.8 0.37 0.15 0.66 114.3 
HOT WATER MANIFOLD AND PIPING ALONG THE BACK AND RIGHT WALLS 
PIPE 46 100 2 0.28 0.18 0.79 136.8 
PIPE 57 100 2 0.69 0.43 1.88 325.E 
6 VALVES 46 230 3 0.26 0.56 2.45 424.2 
6 VALVES 57 230 3 0.65 1.41 6.18 1070.1 
5 VALVES 48 200 2.25 0.33 0.47 2.06 356.7 
3 VALVES 39 160 1.2 0.05 0.03 0.13 22.5 

TOTAL NA NA 70.95 NA 60.09 263.2 45575 
AVERAGE NA 96.4 NA NA NA NA NA 

PAYBACK CALCULATION; INSULATION COST (Kcs) 70950
 

45575
ESTIMATED SAVINGS (Kcs/yr) 


PAYBACK = 1.6
 

NOTES: BASED ON AN AVERAGE STEAM PRICE OF 235 Kcs/GJ (610.5 Kcs/TON)
 
"# VALVE(S)" DENOTES A QUANTITY OF UNINSULATED VALVES 
"PIPE" DENOTES A QUANTITY OF UNINSULATED PIPE 
INSULATION COST, NOMINAL 1000 Kcs/meter, INCLUDING MATERIAL 
AND LABOR 

THE AUDIT WAS ABLE TO MEASURE THE UN-INSULATED
 

PIPING LOCATED IN AREAS V-2a AND V-2b AT AUTOBRZDY. THE ACTUAL
 
PLANT TOTAL IS ESTIMATED TO BE SIX TIMES THAT SHOWN IN THE TABLE.
 
ACTUAL; INSULATION COST (Kcs) : 425700
 

ESTIMATED SAVINGS (Kcs/yr): 273450
 



TABLE C2 
CONDENSATE RETURN TANK HEAT LOSSES ESTIMATE 

AUTOBRZDY 
CONDENSATE RETURN TANK LOSSES ESTIMATE 
PRODUCTION AREAS V-2a AND V-2b PIPE 

LOCATION SURFACE 
TANK 
SURFACE TRANS. ENERGY 

HEAT 
ENERGY 

INSULATION 
ENERGY 

TEMP. AREA COEFF. LOSS LOSS SAVINGS 
DEGREE C SQ.METER MJ/HR*M2 MJ/HR GJ/YR Kcs/YR 

V-2b AREA STEAM DISTIBUTION AND SPACE HEATING CENTER; TANK
 
SURFACE 62 
 6.7 0.33 2.21 
 9.68 1676.2
 
ROLI STREET, PLANT STEAM DISTRIBUTION CENTER; TANK
 
SURFACE 75 20 1.13 22.6 98.99 17140.9 

TOTAL NA 26.7 NA 24.81 108.67 18817.1 

PAYBACK CALCULATION; INSULATION COST (Kcs) 32440.5 

ESTIMATED SAVINGS (Kcs/yr) 
 18817.1
 

PAYBACK = 
 1.7
 

NOTES: 
 BASED ON AN AVERAGE STEAM PRICE OF 235 Kcs/GJ (610.5 Kcs/TON)

INSULATION COST, NOMINAL 1215 Kcs/sq.meter, INCLUDING MATERIAL
 
AND LABOR
 

THE AUDIT WAS ABLE TO MEASURE THE UN-INSULATED TANKS
 
LOCATED IN AREAS V-2a AND V-2b AT AUTOBRZDY. THE ACTUAL
 
PLANT TOTAL IS ESTIMATED TO BE THREE TIMES THAT SHOWN IN THE TABLE.
 
ACTUAL; INSULATION COST (Kcs) : 97321.5
 

ESTIMATED SAVINGS (Kcs/yr): 56451.3
 

Note: Values shown in Tables C1 and C2 in the column labelled: "Pipe I n s u la t io n
Energy Savings Kcs/yr" are found by multiplying the adjacent effectiveness of 0.7 and 
dividing by the steam distribution efficiency of 0.95 and then multiplying by the price of 
steam.of 235 Kcs/GJ. 

A)
 

http:steam.of


4 RecommendedInsulation INERAI.las 
Thicknesses for M IFIBER 	 Rock Wool) 

NOMINA L 950i100Inuion B N T- 550 B 50 750 85001Gas 
PIPESZE(inches) 1500 2500 3500 4500 5500 6500 750° 8500 9500 10500 

Thickness 1 1 '12, 2 26 3 3/ 4 4 412 5V2
Heat Loss 8 16 24 33 	 43 54 66 84 100 114 

Surt Temp 72 75 76 78 79 81 82 86 87 87 
Savings '5 15 '27 '42 '61 '82 1108 $146 8172 '213 

Thickness 1 1',2 2 2Yz 3li$ 4 4 4'/2 5 5V 
79 96 114 135HealLoss 11 21 30 41 49 61

1 Sur Temp 73 76 78 80 79 81 84 86 88 89 
Savings '7 22 42 '64 '92 '125 163 '208 '262 '325 

Thickness 1 2 2 3 4 4 4 5 5 2 6 
73 94 103 128 152HeatLoss 14 22 33 45 	 54 

79 82 86 84 88Sur Temp 73 74 77 79 	 90 
Savings $11 '31 '58 '90 '128 '175 '229 '294 '370 '461 

Thickness 1y 2 3 3 2 4 4 4 51/ 6 6 
Heat Loss 13 25 24 47 61 81 105 114 137 168

2 Sur Temp 71 75 75 77 79 83 87 85 87 91 
Savings '13 '38 '71 '110 '157 '214 '282 '362 '457 '568 

Thickn3ss 16 211 31/2 4 4 4i 41h 6 611 7 
HealLoss 16 28 39 54 75 94 122 133 154 184

3 Sur Temp 72 74 75 77 81 83 87 86 87 90 
Savings 119 $55 1100 $156 $223 $303 '400 '516 '683 '851 

Thickness 11Y, 3 4 4 4 5 5V? 6 7 7V2 
Heat Loss 19 29 42 63 88 102 126 152 174 206 

4 Surf Temp 72 73 74 78 82 86 85 87 88 90 
Savings '24 '68 '125 '195 '280 '381 '504 '650 '824 '1118 

Thickness 2 3 4 4 4'12 5 5 Y2 6 Y 7 Y2 8
 
Heal Loss 21 38 54 81 104 130 159 181 208 246


6 Surf Temp 71 74 75 79 82 84 87 88 89 91
 
Savings '34 '96 '176 '275 '395 '542 '718 '929 '1179 '1475
 

Thickness 2 312 4 4 5 5 5 Vz 7 8 81/
 

Heal Loss 26 42 65 97 116 155 189 204 234 277
 
8 Surf Temp 71 73 76 80 81 86 89 88 89 92
 

Savings '43 $121 '223 '348 '501 '688 '914 '1184 '1505 '1885
 

Thickness 2 31/ 4 4 5 5Y2 51/ 7 Y2 8Y2 9
 
HealLoss 32 50 77 115 136 170 220 226 259 307
 

10 SurTemp 72 74 77 81 82 85 90 87 89 91
 
Savings '52 '148 '271 '424 '612 '841 '1117 '1449 '1644 '2311
 

*Heat Loss = BTU Per Ft./Per Hr. * Fuel Cost: s6 Per Million BTU i cnesses 

Based on 65F.Ambient Temperature *Savings =S/Per Ft./Per Yr.j co,,tinu3 
Users are advised to consult manufacturer's literature lor specific ploduct temperature limitations, 	 on next page 



PLATE NO.11 

FITTINGS, ETC. 
Mitered Insulation Elbow 
Oversized Application 

Mitered insulation elbows may be fabricated in the field 
or pre-fabricated using an adhesive to seal the miters 
together to form two halves of the elbow. Any of the pipe 
covering materials may be used to fabricate miters including. 
flexible elastomeric insulation. The term "oversized" indicates 
any application that must be made large enough to compensate 
for protrusions at the connection between the pipe and fitting. 
Applications shown are appropriate for hot and moderate 
installations. 

(A) 	 Finishing or insulating cement covered with-fabric. 
(B) 	 Pre-formed metal elbow cover, secured with screws 

- hot application. 
Materials: Mitered segments of pipe covering, wires, bands or . 
adhesives, insulating cement, canvas, pre-molded metal elbow 
cover, sheet metal screws. 

1. 	 Pipe. 
2. 	 Pipe insulation (shown in (A) with factory applied non-metal 

jacketing, (B) metal jacketing.) Jacketing extends under the 
fitting insulation and finish. 

3. 	 Mitered segments of pipe covering cut to form a tight fit. 
(Adhesive between miters on pre-fabricated applications or 
when required). 

4. 	 Glass fiber fill insulation (Optional - used as a means of support 
when the mitered elbow has not been pre-fabricated into two 
self-supporting halves.) 

5. 	 Wire or banding (unnecessary when pre-fabricated). 
6. 	 Pre-formed metal elbow cover secured with sheet metal screws. 
7. 	 Finishing cement applied to smooth surface. 
B. 	 Fabric applied with adhesive on the surface of finishing or 

insulating cement. 
5/79 
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PLATE NO. 14 

FITTINGS, ETC. 
Field or Factory-fabricated
Valve/Tee Insulation 

The term "fabricated" applies to the construction of a custom 
sized and shaped insulation installation for fittings, etc., using 
common forms of insulation such as rigid blocks and pre-formed
pipe covering segments. The fabrication may take place in the 
field, a fabrication shop, or the fitting insulation may be 
pre-fabricated by a manufacturer. Fitting covers may be similarly
fabricated from jacketing materials, or purchased pre-fabricated
from the manufacturer. Other finishes include the use of 
mastics, cements and reinforcing fabrics, or the use of pipe 
covering segments with factory-applied jacketing, sealed at the 
joints and bonnet area. 

(A) 	 Built-up Application 
(B) 	 Oversized Application 
(C) Fabrication Components 

Materials: Rigid pipe covering, block insulation, glass fiber or 
other fill insulation, adhesive, pre-fabricated metal valve cover 
and 	caulking. 

1. 	 Pipe. 
2. 	 Pipe insulation (shown with field-applied metal jacketing). 
3. 	 Collar of rigid pipe covering sized to clear the flanges. 
4. 	 Sleeve of oversized pipe covering sized to cover the body of the 

valve and overlap onto the flange collar (Insulation thickness is 
the same as that used on the adjacent piping.) 

5. 	 Sleeve of oversized pipe covering sized to cover the bonnet
 
flange and fit snugly into the "V" cut out of the body sleeve.
 

6. 	 Bonnet collar of rigid block insulation with cut-out for valve stem. 
7. 	 Adhesive at joints. 
8. 	 Glass fiber or other fill insulation (optional). 
9. 	 Caulking around valve stem cut-out (optional-used on cold or
 

outdoors applications).
 
10. Pre-fabricated metal valve cover. 

__ __ ___ __ __ __ _ __ __ __ ___ _ _.. 	 -. . 
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PLATE NO. 16 

FITTINGS, ETC. 
Cement Valve Insulation 

Cement is useful in areas where clearances are minimal,

surfaces are irregular and where maintenance or replacement is

unlikely. On most valves, only the body of the valve is covered
 
with the cement tapered off below the valve bonnet and extended
 
out over the pipe covering. The cement application may or may

not require reinforcement mesh or fabric depending on valve size,

the thickness of the cement and other considerations.
 
The application illustrated on Plate No. 16 shows a fabric.finish
 
and is appropriate on moderate and hot applications.
 
Materials: Mineral fiber and/or one-coat cement, reinforcing

wire mesh or glass fabric, fabric covering, adhesive
 
and/or cement.
 

1. 	 Pipe. 
2. 	 Pipe insulation (shown with a factory applied jacket). 
3. 	 Layers of insulating cement. 
4. 	 Layer of reinforcing wire mesh or glass fabric embedded
 

in the cement.
 
5. 	 Finishing fabric adhered to the smooth cement surface with 

adhesive or mastic. 
5/79 
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PLATE NO. 30 

VESSELS, TANKS 
AND EQUIPMENT 
Small Diameter Vessels/Exhaust 
Pipe Covering 

Hot vessels, tanks, exchangers, round breechings and exhaust 
ducts having outside diameters of less than 30" can be insulated 
with large radius pipe covering materials. High rib metal lath may 
be applied on installations over 600uF as shown on Plate No. 
22. Alternate methods are the application of rigid blocks or mi
tered segments as illustrated on Plate No. 23. 

(A) Vertical application on vessel 
(B) Horizontal application on tube exchanger 

Materials: Rigid pipe covering segments, discs of rigid block, fill 
insulation (either pieces of block insulation of glass fiber), sheet 
metal jacketing, sheet metal screws or pop rivets and stainless 
steel bands. 

1. 	 Vessel wall. 
2. 	 Insulation support ring. 
3. 	 Pipe covering segments secured with wire or bands. 
4. 	 Disk of rigid insulation cut to fit over head and inside
 

pipe covering.
 
5. 	 Loose fill insulation used as support for top disk. 
6. 	 Sheet metal jacketing. 
7. 	 Sheet metal screws or pop rivets as required. 
8. 	 Stainless steel bands as required. 
9. 	 Nozzle. (See Plate No. 33.) 

10. 	 Insulation cut or beveled away from flanges for bolt removal. 
Finish as required for temperature and exposure. 

R J70
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PLATE NO. 47 

REMOVABLE & 
REUSABLE INSULATION 
Formed & Shaped Insulation Covers 

Formed and shaped insulation covers are used on equipment
and fittings such as valves, flanges, ells, strainers, etc., re
quiring removable and reusable insulation. The covers are made 
to conform to the shape of the surface with the curvature and 
contour pieces neatly mitered and sewed. The covers should 
have the same appearance as permanent insulation, and over
lap and fit to the adjacent insulation. Covers can be produced
in single layer for thicknesses up to 4",and in multiple layers for 
thicknesses over 4". 
Materials: Mesh or fabric covered insulation, quilting wash
ers, hooks, lacing wire and staples. 

1. Valve. 
2. Removable cover. 
3. Machine stitching.
4. Metal stitching at edges.
5. Quilting washer. 
6. Lacing hqqks and wire. 
7. Adjacent insulation. 

3,s3
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SUBMITTAL SHEET 

Fiberglas' Heavy Density
Pipe Insulation 
OASJ/SSL-lI' AllService Jacket, 

Self Sealing Lap 
D ASJ All Service Jacket 
o No-Wrap for Field Jacketing 

Applications 

Uses Description
Owens-Corning Fiberglas pipe insula- Owens-Corning Fiberglas pipe insulations are recommended for use on all hot, lions are molded of heavy density resin
cold, concealed and exposed piping oper- bonded inorganic glass fibers.These
ating from 0 Fto +850F in commercial, one-piece, three-foot long sections areinstitutional and industrial buildings,pro- opened, placed over the pipe, closed, and 
cess facilitie and power plants. secured by means specific to the type as 

described below. -
Fiberglas ASJ/SSL-II pipe insulation pro
vides a positive vapor seal over the insula- Fiberglhs ASJ/SSL-ll pipe insulation is
lion for condensation control without the wrapped with a kraft reinforced foil vapor
use of staples, adhesives or bands. retarder jacket with two factory-applied 

pressure sensitive adhesives which pro-Fiberglas ASJ pipe insulation is suitable vide positive closure and vapor sealing of
for installations where the appearance the longitudinal joint, even at ambientand protection of an all service jacket is temperatures as low as 25F. This sealing
required and a vapor seal is not essential, system completely eliminates the need for 

staples, adhesives or bands. Self-sealing a vapor seal is required. The use of Fiber-Fiberglas' No-Wrap pipe insulation is butt strips are provided in the carton with glas ASJ pipe insulation where a vaporappropriate for power, process, marine the insulation for sealing circumferential seal is needed requires more field labor,and industrial applications where a jacket joints, and therefore a higher installed cost, thanis field-applied for weather protection or , if Fiberglas ASJ/SSL-ll pipe insulationabuse resistance. Fiberglas ASJ pipe insulation is wrapped were to be used.
 
with the same all-service jacket as ASJ/

SSL-11 pipe insulation, but does not have a 
 Fiberglas No-Wrap pipe insulation is suplongitudinal lap seal. The longitudinal lap is plied in one-piece sections without jacket
closed at the job-site by stapling. Vapor ing, and ready for field installation of
barrier mastic must be used in addition if covering appropriate to the vapor control, 

damage or corrosion resistance require
ments of the application. 

-The surface burning characteristics of these products hive been determined in accordance with ASTM E84 

Physical Properties* 
ASJ/SSL-11 ASJ NoWrap 

Thermal conductivity 
(ASTM C335)06 

Pipe operating temperature range .......... 

Jacket temperature limitation ............. 

0 to 
+850 F 
-20 F to 

0 to 
+850 F 
-20 Fto 

0 to 
+850 F . 

0 o 
.50 

0&00 
-

- -

Jacket permeance, perm (ASTM E 96) ...... 
Jacket puncture resistance, units 
(ASTM D 781) ........................... 
Composite surface burning 

characteristics: 

4150F 
0.02 

50 

UL 

+150F 
0.02 

50 

UL 

N/A
N/A 

N/A 

ASTM 

.C 030 
-1 
-
M ow -

-

Flame Spread" ......................... 
723 
25"0 

723 
25" 

E84 
25" 

000.. o 
M 200e 300r 

o 
400 Soo 

Smoke developed 50 50 50 Moon Temperature. F 
'All properties subject to normal manufacturing tolerances. 

.. .. •• "normal Thermal conductivity values are nominal, subject totesting and manufacturing tolerances. 

or UL 723 as noted above. These standards should be used to measure and describe the properties of materials. 
products or assemblies in response to heat and flame under controlled laboratory conditions and should not beusef to describe or appraise the fire hazardor fire risk of materials. products w assemblies under actual lire Condlions However. results of these tests may be used as elements of afire risk assessment which takes intoaccount all of the factors which are pertinent to an assessment of the fire hazard of a particular end use. Yatui are reported to the nearest five rating. 



Product Availability Within the ranges as shown, Fiberglas Caution: It is possible that heat may be 
Fiberglas pipe insulations are available In pipe insulations are also available in all generated from the resinous binder in 
thicknesses and for pipe sizes as shown copper tube sizes (CTS) from %" to6V". insulations if ignited by external sources 
below, such as welding slag, cutting torches, etc 

care should be taken to avoid direct con-
NOMINAL PIPE SIZES (NPS) tact with the insulation by fire or ignition 

sources.Insulation ASJ/SSL-II ASJ pipe No-Wrap pipe 

tiIck,ss insulation insulation insulation


0.h" 05"- 6.0" 0.5"in 6.0oi 05su-a6.0"Organic binders used in the manufacture 
0.5" 0.5"- 6.0" 0.5"- 6.0" 0.5"- 6.0" of fibrous glass pipe insulationdecomposi
1.5" 0.5"-14.0" 0.5"-33.0" 0.5"-33.0" to some extent at operating temperatures 
2.0" 0.5".12.0" 0.5"-33.0" 0.5"-33.0" above 350F. Thermal performance of the 
2.5" 2.0"-11.0" 2.0"-26.0" 2.0"-32.0" insulation is not affected by the loss of 
3.0" 3.0"-10.0" 3.0"-21.0" 3.0"-36.0" binder, but compressive strength and 
3.5" 4.5". 9.0" 4.5"-17.0" 4.5"-30.0" resiliency are altered. An acrid odor and 
4.0" 4.5"- 8.0" 4.5"-14.0" 4.5"-29.0" smoke will emit from the insulation on 
4.5" 6.0'- 7.0" 6.0"- 9.0" 6.0"-28.0" piping start-up. Provide adequate ventila
5.0" 6.0" 6.0"- 8.0" 6.0"-27.0' tion to prevent buildup of gases. Pipe sup
5.5" 6.0" 6.0"-26.0V ports at hangers should be from the pipe

itself or from high-compressive inserts 
such as Keylo* asbestos-free pipe insu-

ASHRAE 90A-1980 Insulation Thickness Guide Specification lation. Minimum insulation thickness 
should be sufficient to provide personnel 

Table 5.1 Minimum pipe insulation" protection. Maximum insulation thickness 
should not exceed six (6) inches. If piping

Insulation thickness for pipesizes 
 will be subjected to excessive vibration, 
Piping Fluid Runouts IA" 2 " 5' consult your Owens-Corning Fiberglas
System Temperature 2"max. 1"& to to and representative for recommendations. For 
Types Range 12'lgth less 2" 4" over piping operating above 650F, insulation 
Hearing systems "C OF in. in. In. in. in. should be applied in a single layer.
 
Steam & Hot Water
 
High pressure/ The recommended insulation thicknesses 
temperature 158-238 306-450 1.5 2.5 2.5 3.0 3.5 shown in the ASHRAE 90A.1980tableat 
Medium pressure/ left are based on economic considerations 
temperature 122-151 251-305 1.5 2.0 2.5 2.5 3.0 onlyanddonotattempttopreventsurface 
Low pressure/ condensation. The table below left show! 
temperature 94-121 201-250 1.0 1.5 1.5 2.0 2.0 
Lowiemperature 43-93 120-200 0.5 1.0 1.0 1.5 1.5 recommended insulation thicknesses to 
Steam condensate prevent surface condensation for ire
for feedwater any any 1.0 1.0 1.5 2.0 2.0 quentlyencountered design conditions.
 

Cooling systems
Chilled water, 4.5-13 40-50 0.5 0.5 0.75 1.0 1.0
 
refrigerant below below
 
or brine 4.5 40 1.0 1.0 1.5 1.5 1.5
 
*Thickness shown are for conditioned spaces; for piping exposed to outdoor temperatures. Increase thickness
 
by0.5'.
 

Thickness recommendations to prevent surface condensation 

Design Pipe Fluid temperature 
Conditions Sizes SOF 35F OF
 
8OF at 50% RH %" OD thru 6" NPS h"" 1h"
 
8OFat 50% RH 7" OD thru 12" NPS 1" 1" 1"
 
85F at 70% RH %" 0O thru 6" NPS 1" t'" 1h"
 
85F at 70% RH 7" ODthru 12" NPS 1" 1" 1"
 

1"n"90Fat80%RH %" ODthrul" NPS 1" 
90F at 80% RH 1%"OD ihru 12" NPS 1" 1" 1h" 
Derived from ASTM C 680 "Recommended Practice for determination of Heat Loss or Gain". Emitence: 0.9. 
Wind velocity: 0 mph. 

Specification Compliance 
Fiberglas pipe insulations comply 
with the property requirements of the ASJ/ No. 
following specifications: SSL-II' ASJ Wrap 

HH-B- 100B. Type Iand II: Barrier Material. Vapor • 0 
HH.I.558B (Amend.3), Form D.TypeI11, " 6 0 

Class 12 and 13: Insulation (Pipe and Tube Covering) 
and Pipe Fining Covering 

MIL-I.24344C (Ships)*: Insulation, Pipe Covering, Thermal 0 a 
MIL-.-242448 (Ships): Insulation Material 0 • 
U.S. Coast Guard 164.009: Non-Combustible Materials o 
Nuclear Regulatory Commission Guide 1.36: Non-Metallic 0 SThermal Insulation (1) 

ASTM C547. Class 1 and 2: Mineral Fiber Pipe Insulation. 0 0 I 
ASTM C795: Thermal Insulation for Use over Stainless Steel. (1) 0 0 n 

New York Cny M.A No. 344.83 o 0 0 OWENS-CORNING FIBERGLAS CORP 

*Requires waiver of alkalinityand pH requirements. (1) Lot testing may be required. Mechanical Insulation Products
Fiberglas Tower, Toledo, Ohio 43659 

Pub. 5-iN-4726-C LithoinUSA November 1988 Copyright ' 1908 Owens-Corning Fiberglass orp.1 

http:6.0"-26.0V


APPENDIX D
 
Heat Recovery from the Air Compressors
 



The compressed air for the plant is furnished by four units, 3 at 132 kW and 1 at 75 kW. 
The compressors and the compressed air are cooled with a cooling tower. All of the 
heat is reected to the outside. This is heat could be used in winter to heat the com
pressor building SO-114. 

Measurements of the cooling water flow were made with the ultrasonic flow meter. The 
flow measured was 270 LPM(71.3 gpm) at a temperature difference of 3.6 'F. The heat 
rejected for these conditions is 128,340 Btu/hr. Only one of the compressors was 
running during the test and at 78 percent of full load. Normal operating conditions for 

.the plant require 2 compressors to run. Under these conditions the heat rejected is 
326,00 Btu/hr = 0.359 GJ/hr. 

This heat can be used to heat the building and save 
0.359 GJ/hr * 2000 hr/yr * 247.4 Kcs = 177,346 Kcs/yr. 

Electric power to operate the unit heater fans will cost 2000 x 6 x 2000 hr x 3 kW x 0.69 
kcs/kWh= 4140 Kcs/year. The amount saved is 177346-4140 = 173,206 Kcs/year. 

Two additional unit heaters will need to be installed and piping to two existing heaters 
modified to allow the flow to the tower to be sent through the unit heaters in winter. 
This flow will be changed by the use of manual valves twice each year. 

The cost of the unit heaters and piping is estimated to be 200,000 Kcs and the payback 
= 200,000/177,346 = 1.2 yrs 

The heat saved annually is 0.359 x 2000 = 718 GJ/yr; this is 0.9 percent of the annual 
steam use. 

The unit heaters should be equal to Modine horizontal flow with a rating of 163,000 
Btu/hr at 60 *F entering air and 90 'F entering water temperature, maximum water 
pressure drop 4 psi at 30 gpm. The control of the unit heaters should be a control to 
cycle the fan motor(on/off); a simple line voltage thermostat connected to the motor 
starter. The motors should be 380 volt 3 phase. 
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hot water unit heater selection data - continued
 
table 11 - hot water heating capacity conversion factors 
To determine the heating capacity Btu/hr) of a unit heater at any entering water temperature and entering air temperature multiply thecapacity at 200OF E.W.T. and 60*F E.A.T. by the factor from this table. Note: GPM must be identical to that at 200°F E.W.T. and 601F E.A.T. 
Conversion factors in table 11 may be used with standard hot water data on page 18 or 19, or with data obtained from the standard hot 
water performance curves. 

-' .ENTERINGAIR TEMPERATURES(F) . " . " . . " . 

0.462 0.380 0.300 0.222 0.146 0.072 0 0 0 0 00.539 0.456 0.375 	 0.2190.296 0.145 .071 0 	 00 	 00.615 0.531 0.450 	 0.2930.370 0.217 0.143 0,071 	 00 	 00.692 0.607 0.524 0.444 0.366 0.289 0.214 0.141 0.070 0 00.769 0.683 0.599 0.518 0.439 0.361 0.286 0.212 0.140 0.069 00.846 0.759 0.674 0.592 0.512 0.3570.434 0.283 0.210 0.138 0.0680.923 0.835 0.749 0.666 0.585 0.506 0.429 0.353 0.279 0.207 0.137L.00 0.911 0.824 0.740 0.5780.658 0.500 0.424 0.349 0.276 0.2051.077 0.987 0.899 0.814 0.731 0.651 0.571 0.494 0.419 0.345 0.2731.154 1.063 0.974 0.8050.888 0.723 0.643 0.565 0.4140.489 0.3421.231 1.139 1.049 0.962 0.878 0.795 0.714 0.636 0.559 0.483 0.4101.308 1.215 1.124
1.291 	 1.036 0_9N 0.867 0.786 0.706 0.629 0.552 0.4781.199 1.110 .1.385 1.9 .99 110 ' 1.021-- ~0.940Pj 0.857 0.777 0.699 0.621 0.5471.462 1.367 1.274 	 .00'1.184 	 1.012 0.929 0.848 0.6900.768 0.6151.539 1.1'43 1.349 1.258 1.170 1.0,4 .,"1.000 0.918 0.838 0.759 0.6841.615 1.519 1.3321.424 	 1.243 1.157 1.071 0.9080.989 0.828 0.7521.692 1.594 1.499 1.406 1.112 1.229 1.143 1.060 0.978 0.897 0.8201.769 1.670 1.573 1.480 1.3011.390 1.214 1.130 1.048 0.966 0.8891.846 1.746 1.649 1.554 1.463 1.373 1.286 1.201 1.118 1.035 0.9571.923 1.822 1.723 	 1.5361.628 1.446 1.357 1.272 1.188 ).104 1.0252.000 1.898 1.7021.798 	 1.609 1.518 1.429 1.2571.342 1.173 1.0942.077 1.974 1.7761.873 	 1.682 1.590 1.500 1.3271.413 	 1.242 1.1622.154 2.050 1.948 	 1.7551.850 	 1.663 1.571 1.483 1.397 1.311 1.2302.231 2.126 1.9242.023 	 1.829 1.734 1.643 1.554 1.467 1.380 1.300

2.308 2.202 1 2.098 1.998 1.902 1,807 1.714 	 1.5371.625 	 1.449 1.367 

table 11 A - ethylene glyco! correction factors\ . 
AVERAGE SOLUTION TEMPERATURE (OF)

100 150 200 250 Table 11-A lists the correction factors for various percentages of ethyleneglycol in water. Use the factors to correct the heating capacity of unit40 0.855 0.875 0.910 0.925 heaters when using an ethylene glycol solution. Follow the normal proce50 0.820 0.850 0.870 0.900 dures in determining the heating capacity of a unit heater at any water60 0.770 0.800 0.830 0.85070 0.725 0.750 0.780 0.825 temperature and entering air temperature, :hen apply the correction80 0.680 0.715 0.740 0.770 factor from table 11-A to determinethe corrected heating capacity based90 0.630 0.660 0.695 0.725 on an ethlyene glycol solution.
 
100 0.566 0.620 0.645 0.680
 

table 12 - minimum water flow and water volume (gallons)
"'MI N. C O I L. 	 ..	 . M I N. CO I L 

VOOLL M.GPMD -MODEL GM . "A .MO 	 GPM VOLUME 

.132.7 .97 .30 .15.12.7 1.24 .30 .15.132.7 1.24 .4 .23.13.6 1. .45 .2326.41 3.6 1 .60 .31413.6 1.98 .60 .31
.41 .38 

.75 .38.66 .43 
066 .43S. 	 2Y66 

.75 .54 

.90 .65
.98 .65
 

.98 	 .86 
1.35 	 .86 

1200 .86 
1.45 	 .86 

522 .97 
.. 0 .97 
.. 3 1.24 
.40 1.24 
21.35 	 1.24 
0 2.5 	 1.24 

1.8 1.66 
3.6 1.66 
3.6 1.98 

3.6 3.72 
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W hot water performance data

E lA standard models at standard conditions 

HIGH MOTOR SPEEDS 
AIR DATA MOTOR DATA 

Pte,,~. *Heat Lwt HoaoFta 

Orop Sound Mounting Throw or t row aAppo 

IhV'. PM(Ft. of c@an 
w tMaHg 

H t d 

Height 

g 
(ft.) Lower 

Mtg.
Height 

tCfm. Velocity 
(Fpm.) 

Temp. 
('F) 

Hp Rpm, 

12.800 1.3 0.5 II 9 18 - - 340 615 94 16MHP 1550 
15.700 

- 24.500 
29.000 
47,000 
63,000 
81,000 
90.000 

133.000 
139,000 
198.000 
;J4.000 
273,000 

1.6 
2.5 
2.9 
4.7 
6.3 
8.1 
9.0 

13.5 
14.0 
20.0 
22.0 
27.0 

0.8 
0.2 
0.3 
0.8 
1.4 
3.2 
4.0 
7.9 
2.0 
5.0 
5.8 

11.0 

II 
III 
II 
1!: 
Il1 
III 
IV 
IV 
V 
V 
V 

0
11 
13 
15 
16 
is 
17 
20 
19 
20 
22 
22 

19
23 
30 
31 
33 
33 
27 
43 
41 

47 
50 
50 

--. 
-

8 
8 

10 
I0 
t0 
10 
10 
12 
12 
12 

-
-

36 
42 
46 
46 
41 
60 
57 
65 
65 
60 

370
630 
730 

1,120 
1,340 
2,010 
1,775 
3,240 
2.900 
4,560 
4,590 
5,130 

675
675 

785 
680 
820 
775 
700 
870 
790 
740 
750 
720 

98
95 

96 
98 

102 
96 

106 
97 

103 
99 

104 
108 1 

!is'As 
YAs 
'i 
'/ 

1/ 
" 

' 
!,3 

'/2 
2 

/ 

15501550 

1550 
1550 
1625 
1625 
1075 
1075 
1075 
1075 
1075 
1075 

180.000 
230,000 

270,000 
340.000 
-30.000 

18.5 
23.0 
27.3 
34.0 
43.0 

0.3 
0.4 

0.5 
0.6 
0.8 

V 
VI 
VI 
VI 
V 

17 
18 

18 
19 
22 

108 
117 
124 
138 
151 

-
-

-
-
-

-

-

-
-
-

5,460 
5,980 

7.900 
10.390 
11,750 

2165 
2165 
186i 
2520 
2315 

92 
97 
94 
91 
95 

V/ 
/ . 

I 
I/, 
1/2 

1075 
1140 

1140 
1140 
1140 

30.000 
43000 
57.000 

, 68,000" 
, 105,000 
"123,000 

'140,000
156,000 
184,000 
210,O0 

237,000 
300.000 
313.000 
430,000 
680,000. 

3.0 
4.3 
5.7 
6.8 

10.5 
12.5 

24.0
15.5 
18.5 
21.0 

26.0 
30.0 
38.0 
43.0 
6&0 

0.6 
0.6 
0.6 
0.5 
2.4 
2.2 

1.8
1.4 
1.9 
2.0 

3.8 
2.8 
4.2 
0.8 
17.5 

II 
U 

II 
III 
IV 

IV
IV 
V 
V 

V 
V1 

I 
VI 
VI 

16 
20 
22 
22 
26 
W 

32
32 
37 
40 

40 
39 
47 
46 
41 

12 
15 
16 
16 
19 
22 

24
24% 
28 
32 

32 
32 
40 
39 
34 

-1155 
-
-
-
-

-
-
-

-

-
-

-

-

-

-
-

-

-

-
-

-

-

-
-

-

-

950 

11.590 
1,665 
2.660 
3,200 

3.500
3,610 
4,820 
5,460 

5,980 
7,900 

10,390 
11.750 

825 
1005 
1065 
1120 
1285 
1420 

1690
1740 
1910 
2'65 

216: 
1860 
2520 
2315 
2U0 

90 
96 
95 

100 
98 

101 

99
102 
97 
97 

102 
98 
96 
95
25 

,a 
'Ao 
's 
'As 
Y4 
' 
'A
' 
1/2 
1/, 

1/4 
1 

1'/ 
IV/
I 

1050 
1050 
1050 
1050 
1075 
1075 

1075
1075 
1075 
1075 

1140 
1140 
1140 
l14l

407001140 

REDUCED MOTOR SPEEDS 
requires solid state mc.;or speed controller 

GPM 
Pressure 

Drop 
(Ft. of 
water) 

Sound 
ClO" 

'a. et 
Mounting Throw or 

Height Spreo4 
(ft.) I (ft.) 

AIR DATA 

tCfm. 
Outlet 

Velocity 
(Fpm.) 

Final_ 

Air 
Temp. 

("F) 

MOTOR DATA 
Appro. 

Hp Rpm. 

2.3 
.1.6 

0.5 
0.8 

11 
II 

9 
10 

11 
12 

220 
230 

400 
425 

100 
105 

16MHP 
1/2s 

1000 
1000 

2.5 
2.9 
4.7 

6.3 
8.1 

0.2 
0.3 
0.8 

1.4 
3.2 

II 
III 
II 

111 
III 

I1 
13 
15 

16 
18 

14 
18 
I8 

20 
20 

395 
450 
685 

825 
1,255 

430 
490 
420 

515 
490 

105 
105 
105 

115 
105 

'/2S 
'hi 
/12 

1/8
1/b 

1000 
1000 
1000 

1000 
1000 

*Horizontal units with horizontal Icuvaon oprod 3W from the vertical plane.
Vertical types equipped with cone jet deflector, blades in full open position. 

"For most popular motor used oan these modcl. 
tChn, for horizontal types is entering Cfm. 
Cfm for vertical and "Fower-thrw" Ipes 

Aligh motor speed. 
is leaving Ufm. 

18 
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dimensions and material specifications 
VERTICAL DELIVERY 

V-333 THROUGH V-610 
MALE RETURN 
 4-MOUNTING HOLES

V-42 THROUGH V-279 V680 W DIA. IN ANGLE 
D~ - MOUNTING HOLES .MOUNTING HOLES __ IRON BRACKET 

2"13 TAIRON BRACKETD jE --

MALE RTURN G AESPL 

V-333,V-385, V-500
MALE RETURN - -MALE SUPPLY G AIR DEFLECTORS (Optional) 

CEILING 

C 
M 2," MAX. .. 

L~~ 
. 

TCONE-JET 

JN.L COEJRN TRUNCONE 
MALE SUPPLY .- " , .. .....
 

31/" MAX. F --
F~% OUTLET FAN GUARD 

- N 
tal 6 di esosLOUVERS 

ANEMOSTATtable 16 - dimensions 
Alldimensions Ininches 

Model Numbers - Male___O_ 

Low Nom.Type Standard Outlet C Male(Min.) G Dia. Conn. NPT I ghti 
Temp. - T Bto lbs. 

V-42 V-42L I I  8 113 - 141/2 21/a 2434
V-59 34 4h 14 11/4 1114 42V-59L 11 8- 113A - 141/2 21/ 24:4 51/ 4% 14 1./4 11/4 48V-78 V-78L 11 - 8 11 4 - 161/2 21/a 24 A 65 2% 16 1/4 1 52V-95 V-95L 11 - 8 113 - 161/2 21/a 24: 81/a 2 16 11/4 11/4 55

V-139 V-139L 16 - 8 18VERTICAL V-161 V-161L 16 - - 191/2 21/a 34 4 67/a 3 19 1/2 1P 183 - 192 21/ 34 8 3 19 78

DELIVERY V-193 V-193L 16 - 11/2 1 918 18 - 19V/ 21/s 343/ 9/s 3 19 11/2 1 100V-212 V-212L 16 8
- 183 - 191/2 2/2 343/4 127/ 3 19 2 11/4 115V-247 V-247L 
 16 - 8 18 - 211 2/ 34 12 7/a 3 21 2 I1/4 122
V-279 V-2791. 16  8 18 - 21V/ 21/ 343 143 213 2 11/4 129
V-333 V-333L 20 12
- 24 164 22V2 27/6 431/4 1412V-385 V-385L 20 - 12 24 16% 
3% 22 2 / 1/2 182

271/ 27/a 431/ 141/ 3 27 21/2 11/ 189V-500L 20 - 12 24 16% 27 27/a 431/ 19. 3% 27 2V2 1/ 236
V-610 V-61L 241/a 241/10 12 24 293 /4 - 511/2 19,/a 3A 30 2,/2 1/2 350
V--A 24% 24% 12. 24 29%~ 30Y, 5-A 45051% 19% 31. 30 12% 2%

table 18 
table 17 - material specifications dimensions'(air deflectors)All dimensions ininch*& 

Copper Copper

Type - .e Cone-Jet Truncone Anemostat LouversModel Tube Tube Wall L.Tumb . L M N PSize Thickness V.42 

fs. 
6 12 9 /, 6 

Inches Inches V-59 6 12 9/ 6VERTICAL AM V-78 6 12 87/4DELIVERY Models SA 0.D. .028 6
V-95 6 12 a7/g 6V-139 
 7 13 11V 7 
V-161 7 
 13 11/4 7%
 
V-193 7 13 11 7
 
V-212 7 
 13 113/ 7
 
V-247 8 16 121/4 
 8
include a
Allunits junction box either V-279 
 8 16 121/4 aintegral to the motor or attached to 
 V-333 
 8 16 12V2 8
JUNCTION BOX the unitcasing. Explosion.proof units V-385 10 21 14 10include an explosion-proof junction 
 V-500box attached to the motor. 10 21 14:14 10V-610 10.5 
 21 - 10.5 
V-680 10.5 21 - 10.5 



hot water performance curves 
200OF entering water temperature 
60*F entering air temperature 

750
 

700
 
V.680 

650
 

600
 

550 

V & PT.610=
00 

450V50
 

x 400
 

350 V'385 _ _ -- _ 

f T300 

V-333250 

200 

150 

100 

50 

WATER 0
 
FLOW 6 7 8 9 10
GPMI .01 20 30 40 50 60 70 8090100 2pp... 

COr 0.111 UI
0.5 

0 ,V & PT-610 
uj - 5 -V-38,,. 
C,-u. 10 

0. V.500 
50 V.333 &V.680 

100 
30 

HS-47 

§25 
'HS-33 

x
 
cr 20
 

I- HS-24LI ]cc 15 -u 1 i 1 

HS-o 8L------

10 

WATER 0 L L L0 cc'''05 
0.1 Ij I 1 1 1 1 ! I*-----

G-0.C- ---- -,

WccFLO 0o0.2 0.3 0.4 0.5 0.6 0.8 1 1.56 I47L HS33 8& f 

nto wrm r
24:Idiae poitIf waIr emertue ro I 1 1II 

U.05 1SL 

"- 10 1" 

water temperature drop0 Indicates point of 20*F
A Indicates point of I10OFwater temperature drop '1t 

24 N Indicates point of 40*F water temperature drop 



piping for unit heaters suggested piping arrangements
 

SUPLV A RIN 
AUTOMAT*CAR VElT 

VINTk; T IMJQN 

GATE 

VALVES 

S AAUTOMATIC 

SALANC-44 
NVALVE 

AIRVENT 

OR11 TCO'.. 

ITC. EFOWRI VALVE 

hot water 
m 

. 

sVETICALSEAVE 

DA TLOWER 

I, 

RETURNV 

LW|RHOT BTA A Ld A I' 

TC.DOWWN 

TLV 
UNIT CONNECTEDTO 

AOT WATERMA 

MORIZOAL 
OV-R O a CO*%VCTEDTOWATERMAI AUIAATE -OT 

-C. C.,W? 

T 
II 

GAAT[ 

GAATE 
STEAMMAIN 

ATOCRFORAt, REMOVAL 

LIALLYSOLGNVLV"'IER 
V AITRLINE AAIGVV ZT ES 

- ~ TVERMOSTATIC700A 

-. FULNYC. 

VALVE 

VILVA 

Do" 
STEAR 

AUO 

I? I.-LONG 
-I*Gx 

steam - - WRGCAICE 

systemsstems asCAET I.Fi~VERTETA" VAVE 

UNITNJEATERI V0lCONNEICTION 
MIGN STEAMPREESURI 

piping 

1.Branch piping to and from unit heater should be the some size 
as unit connections and include swing joints to allow for expansion
and contraction of the piping without placing a strain on the unit 
heater element. On steam systems, the branch piping should be 
taken off and returned above the centerline of the supply and 
return line. 

2. Install pipe unions and shut-off valves in lines to and from each 
unit heater to allow maintenance or replacement of unit without 
shutting down and draining entire system. For hot water systems,
include a balancing valve in return line when possible for water 
flow regulation. A drain valve should also be provided below 
each unit heater to allow removal of water from the heating coil if 
located inan area subject to freezing. 

3. In steam or hot water systems, rapid air removal is required 
because entrained air isa cause of corrosion. Hot water systems
should be equipped with suitable air vent valves for rapid and 
complete removal of air at the high points and ends of both 
supply and return mains. Proper air venting for steam systems 
can be achieved by use of a steam trap with an internal air vent. 

4. Traps must be located below the outlet of the unit. Consulttrop
manufacturer for specific recommendations. Each steam unit 
heater should be provided with a trap of sufficient size and 
capacity to pass a minimum of two times the normal condensate 

IETV lo, MINC 

- - _L... - *MLOATANO 

TTRANERAMOSTATICTRAP 

Phi LLIIGS,* 'I 

GAVE 

GATE VALVE 

VAD T IN 
RETURNAIR Ne~r.&ATaxcoftNevToRFOR 

LOVEPRIUR IAM OVERGRAVITVOR
VACUUMEAR UTIRVGTM 

released by the unit at the minimum differential pressure in the 
system. Trap capacity is based on the pressure differential 
between supply and return mains. Steam systems should be 
equipped with a float and thermostatic trap or an inverted bucket 
trap with an air bypass. 

5. It is advisable to use a pipe line strainer before each steamtrap draining a unit heoter. This protection will reduce the 
maintenance of the steam trap. When strainers are used they
could be installed between the unit heater and the trap and be 
the same size as the trap tapping. In order to catch dirt and 
scale, the strainer should have a screen perforation size smaller 
than the trap orifices. 

6. On systems where the steam supply to the unit heater ismodulated or controlled by a motorized valve, a vacuumbreaker should be installed between unit outlet and the ap. If a 
vacuum breaker isused, it should be in conjunction with a float 
and thermpstatic trap. 

7. Install a scale pocket at bottom of unit heater to collect dirt 
and scale as shown in illustrations. Pipe diameter must be the 
same size as unit connections and about six inches long. 

8. Provide adequate pipe hangers, supports, or anchors to 
secure the piping system independently of the unit heater. 

29 



__I l I m 

m mLi MEl ~ m 



APR-19-91 FRI 9:50 C&S HYDRONICS FAX NO. 4147834955 P.01

C & SHYDRONICS Inc. P.O. Box 5,5r Elm Grove, Wl 53122 

MANUFACTURERS REPRESENTATIVES 14380 W*:1 Capitol Drive
HVAC EQUIPMENT Brookfield, Wisconsin 530O,

Phone: ( -

DATE / FAX (4 

TO:_ _ _ _ _ _ _ _ _ _ _ _ 

A1// 

FRO_ __ _ _ __ _ _ 

NUMBER OF PAGES_ __ _ 

1--177 -17) 

oe ef -/e. 



APPENDIX E
 
Calculations for Additional Wall Insulation Building D-2
 



The present wall of the building is constructed of 10 inch thick clay tile and a inside 
layer of plaster. Addition of a layer of insulation (5 cm styrofoam bead) and sand 
plaster on the outside of the wall finish will decrease the heat loss and improve the 
comfort conditions in the building. The insulation can be obtained locally and installed 
for a cost of 100 Kcs per meter 2. The building has insulating glass windows and is about 
5 years old. 

Outside wall R = 2.35 no insulation; with insulation R = 10.35 
Change in U due to insulation = 0.324 
Design at 18 'C inside and 3 *C average outside. In US units, savings = 27 * 0.324= 
8.75 BTU/ft2 

4000 hrs * 8.75 = 35,000 btu/sq. ft/yr or, 
35,000 * 10.76 * 1055 / 10^9 = 0.39 GJ/yr/meter 2 

Savings @ 247.4 Kcs/GJ; 95.9 Kcs/meter 2/yr 

Payback 125 Kcs/95.9 = 1.30 yrs.
 
The total area of wall is 950 meter 2
 

Total installation cost: 950 * 125 = 118,750 Kcs, based on obtaining materials and
 
installation in Jablonec.
 

The total heat saved annually is 950 * 0.39 GJ = 370 GJ/yr; this is 0.34% of the annual
 
steam usage.
 

The insulation should be a styrofoam bead board with a thickness of 2 inches (5 cm)
 
and R=8.0.
 

See the attached sheet for a similar system available in the U.S.A.
 

The total cost of the insulation and exterior finish is 407,000 Kcs. The insulation cost
 
used above assumes the owner will pay for the additional costs of the exterior finish.
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.. 
 ThoroWall H is a high-impact, insulated wall systemThoroWall H ThoroWal.i1. ""r -W~i- that can be used for new construction or retrofit, andFibered Fiberglass "Prmer/Bae-. can be applied directly to concrete, masonry, stucco,;
Bscot" h dei 	 exterior gypsum sheathing, exterior-grade plywood 
and other approved exterior substrates. 

t ThoroWall H provides you with: 
* A fibered cementitious base coat combined with a 

flexible acrylic finish which creates an extremely
strong exterior system that is resistant to high-impact 

An effective, low-cost method of insulating and 
encapsulating a structure! 

* Consistent, 	waterproof protectionl 
r A low-weight exterior system that contributes to low 

structural costs! 
* An attractive finish that's available in a wide range of 

colors and textures! 
* 	 e Minimum kieating and cooling costs! 

A fiber-reinforced base coat that eliminates the need 
for metal lath in the system!

4• 	 A flexible, exterior system that allows for structural 
movement without damage! 

ThoroWall ThoroWali Exterior Gypsum 

Acrylic 
Finish 

EPS Board Sheathing or 
Concrete/Masonr,

Substrate 

http:ThoroWal.i1


APPENDIX F
 
Heat Recovery from Zinc Plating Process and Rol Wash Machine
 



The potential for heat recovery from water used to cool the processes was not fully 
investigated due to the lack of time. The possible recovery of 0.3 to 0.5 GJ/hr of heat 
should be looked at in the future. The payback appears to be longer than 2 years. 



APPENDIX G
 
Air Curtain
 



The air curtain in comparison to open unrestricted air flow was calculated as follows:
 

Average indoor temperature, 21 C.
 
Average outdoor temperature during the heating season, 3 C.
 
Air curtain operated only six months out of the year.
 
Door opening: 3 by 3 meters.
 

Estimated unrestricted flow annual losses: 608.3 GJ/yr
 
Estimated Air Curtain annual losses: 282.1 GJ/yr
 
Annual energy savings: 326.2 GJ/yr
 

(235*326.2 = 76,657 Kcs/yr) 

Estimated annual Air Curtain electrical cost: 4,509 Kcs/yr 

Air Curtain Estimated Cost Installed: 202,500 Kcs 

Payback = 202,500/(76657-4509) = 2.5 yrs 

(See attached data summary sheet, quote and catalogue Information) 
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MEAT LOSS, M Mt~~INTERIOR COORS. 
HATUMJL FLOWS WILL (]COLJ TMM P DGM& 
TIEE DOOW CURS4IY HAVE NO 3~W CURAIM 
1E LMIDO DOO , INMMTAI AT 37 IF 94 DE AVSOE, 
OUTDOOR AIR TEVMTUN 78 IF 

TUPT M.Y DOM FLIOW IS MaYE BY 31S,.faJf(Hnpl*(Ti-T)/T)'e 

WEE 'TIE TSTE1RMIE AM EXPIM INIR; M MD HEIET" INFT'I N) FT. 
MLMER FDOOO. 1 
DOOR DIXWPI, is IiEHM 10 FT EA COST: $.9188 PER REM 

VITh 10 FT ELE M S&70 PER KW 
AIe Hnpi 5 FT LS&8148 PER KWHOMM 82SM MIEa 891M 9 $9,0140 PER K, 

LINTRICME FMO 619% (m 6969 FPID 
MI $7,560GAU. COST OF AIR CiRIaIN; 
RI CRTIN EFIV :a 8.0% 

AIR MJEAIN EFEM YeM; Mm00 
Hmating systfe eftile-yl Man 

anufacturtr &Model. King Moda I 1-16-5M 
Air cuttain has 3.5 kw of elictric Notors, operating to produce this 1 
Air eurbain liftitei 23 YRS 
NO. OF M l INWIN AIR MRTAIN MMSSz 

iftis d£unId that wile the air Curtain helps rstriat natmal flows and the flow of the 
wimd4 it creates its own flaw of outdoo air being forced into the heated space.
This flow is aimsued to be 2.* of the total flow of, So cfa, or 

F IN U.WLATIN, OG PIED HEAThB HOUIfYEAR2 2M IJU MR 

•ESMTICT" FLOW an LOSS 5,766 T M/YEAR 

SAT LOBS WON AIR arnr: 3,892 11E COsT
Ma E WEIWY 21674 TlEMMM gVm8AV 
 $2.4, 
va SAV6S OER NO BARR1IMz 2,674 1 PEAR S2,45 

M EBm USMz 7M16 KW $59 
7,810 KWH 189 

2EE C~OST $167 
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COLONNA-SANDRONIINCORPORATED Quotation 
itiOM 414- 3S1Q FAM4147J5W Pup I of OIuaan No. D6OUOTE 

o MARK DIPOUZO 04/04/91 i 04/04/91TO Data Sd Oaw
 
POT A VAN DYKE 
 ec Atobrzdy 

,, O_ Czochos1ovakia 

Term NEr 30 DAYS p.OjL FACTORY 

WE ARE PLEASED 7M QJOTE THE FOLLOWING EQUIPMENTFOR THE ABOVE PROJECT 
ITEM A 
(1) = 6 NATIONAL nIUSTRIAL AIR CuRTAIZg 
Nodel 911-10-O0
 

- 18 gmuge galvanized steel construct on with a lacquer pUAt finish I
 
- CantrifumaI forwsard curved 
blower wheels
 
- OA5 approved belt guard
 
- 15' adJuatabla disehame nozzle
 
- Solid steel fan,baft mm84d with pillow block bewings

-5 H.P. (MPbelt driven fan aonr
 
- Stem t mrbting hatiug coil
 
- Copper algiinm finned coil
 
- Voltage 20.. 230-40/60/


NCK=: StIrrs, disconnect Owitches, vibration Isolators and all controls v others 

TO T............................... 
 4.700.00 
TOTAL NET ADDZTIO jolO NA COnO PANEL. PANEL IMCLU : OVERLOAD
 
BEAM. PU-s3 A= TRAN5 MMR, ,A=-OF-A.o - .SWT , DISCrMECT S ITCH,
 

-AD................... 
.... 670.00
 

TOTAL IMT ADDITIONA POR FACT0 y KOnNTSb 0 NMAl pANEL .............. .. 190.0
 
T02'4Z N4ET ADDITIONAL POR DOOR 8$ITC3.......... 
 .................
 

TOTAL UT ADDITIONAL F0 goM TEMXOSTAT (OF1-O) ..................... 
 S 80.00 

TOTiL MET ADDITIONAL T O To EC pAN MOTOR ........... ............ ... 12800
 

TOTAL NET ADDITIONAL TO GO TO LOW PROVILE UNIT ........................ ...
S 3.00 

TOTAL NET ADDITIONAL TO PROVIDE A VILTER SECTION WIH O(IE SIM Io

THROWAY ILTERS ...................................................... 
 .. ,80.0 

ACCE"NM If V
ider, pm di 

Uteum Intan to be und m # Pwua Thu*k you for meg opoortunhy Wquo on the malaral linelbeow wnd cemn m our otfm. OW 

Buyer _________________ :aotulitied. 
By 


COONNA-AIkRONI. INC. 
Byl
 

DAN LODENTEIR 

All m ,i u orhgrw m lwi innNW to mfrtal hamind hain am not hIdudmd In tm t d 

a.i..prop" "ama put of 


Vibqwo tourx dcomdlihom 

...... ......
 

http:4.700.00
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]] Sl SERIES ,FORMAC-01-1July 1,logo 

STANDARD INDUSTRIAL AIR CURTAIN 
im(CUM~%UKSTANDARD AND OPTIONAL FEATURES 

Introducing The Standard Industrial Air Curtain 
Diagramed below Isthe Standard Industrial Air Curtain with a view of soie typical stan
dard and optional features.
 

TYPICAL AIR CURTAIN PARTS
(Viewed from Inlet Air Side) ,ut Tapo Bushing
 

Moto II of Roqh" 

FIGURE 1 

STANDARD INDUSTRIAL 

o nINR CURTAIN AvBe a M8 Pt Hand 

opt" MOM ,Sn~aid Top Mu7at7l 

i 
 ll~oks" tWI 


PlJLow Blinds
 

Bar*"= ' FIGURK 2 

THE KING CO. 1001 N.W. 21st Avenue,. P.O. Box 25? •Owatonna, MN 55060 •Phone $07/431-3770 

fIAX 5a?7 ,..74oo 
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Air Curtain Selection
 
Fre computer guarantee How to calculate your Infiltration Index
l~ng Wal the first to apply computer simufloln to The infilbtation index is based upon the four mostdalculating air curtain selection. In three to four weeks Influential factors affecting air curtain performance.we can runa teat model based on your jeific

bIUlld-w .pU;1.3muLl. Atto M L you. VMwill

fifnhlrrOuirintoe In Writing (1)a opWiG prnwliqnr~t~l&
le 	 T1gh"M ofreduction of Infltbattion and that (2 the air curtan will Buiding presurization
maintlMi Aspeciffed temperature In te doorarea. lang 'Door heightInthe only company InMheindus" guarancEdng Willer Doors on adjacet or opposite des aisq play a veryefficiency or twilpertlrgs. Important role in detorle ng air curtain performance.
We ezmmnd the computer method. It I me only In this ituaton air curtains can earn their best returns way tOiaccurately prKUdiar pedormantr.acur on kivesard whe provding the most ofamalcHowever, ItUtmedoesntlmIttUu. oucngitan IMPovemenAS Incomfort. However, to evaluate forIndication OfwhIM ir Curtain you ned by the scufatng beyond the scope 6 thissuchcondiongo"
infiltlrtion indei procedure, Check with you King Releirlitive. 

Ilrationindex - Rare Vollum Lue"g Factor (IM)

'Mecha nbrlreie Fetoe=r (MPF)
 

STEP ONM Plait Voltune Factor Cubic Feet of PlantkAea x.0000125 x iBuldingTrh- Nuntber 
(Note BuWn Tightnes Number equals one iftight building ot 
12S 1klos bulng) 

STEP TWO. Meclw* 	 Pressure Factor 
( 8 fu st alr o- m ke u o alram x 10 1' 

Li.WI"at tntArex Buktin Tiglhire Numbe 
(Note: It building rs under positive pressur use bsolute vluewhan calculating Mecaical ressue Factor andl muftiplyiby -1 
Inflrto Index - PVF * MPF 

STEP THREE Unit ec r Use fe infiltraion Index nd Door Height to 
determine the appropriate Si Swim 

UNIT SELECTION TABLE EXAMPLE 
DOOR INFILTRATION INDEX Gver Plant with 100.000 .F. and 30' ceilIng. Assume 
Hea. f 0. 1 25- 764 plant tightnew of 1.. Edmiust air - 20.900 Make up 

ir-91 U) 3 - S -2 &a- 15.000. "n. Infiltration Index coi1pdta as follows: 
~~1 632 PVF -100.000 X'x .0000125 x1.25

IZ-13' ST U) S 3 PvF -4&
 
17- S13 MPoc ooo, a
a [ ooo x 


18'20 -CuE
= 	 MPF w2 U. 

Air ott can be used an doorsup to 4(' higiltration Indax - VF + MPF
 
Howeve, for deere over 20' ad kiltrton Indaex 4e. + 2U
 
over 200.consult fth your iQng atie -.=Apena
7 

Fora 15' high door use Series 13 
Dimension Aon next page. 

;, X.. 	 21 

SPECIAL NOTES:
 
- Refer to our eOrW conservaelon ai curtin brociurs for selections mak d ECX ECX. 
 EC=0 
"we recomm d heated units whaewe employee omiort Is a concer. (U)signifies upheated

unit may be used. 

Copyrignt 1I: The long Compal 	 All Rights Rsc:. 

EEEEE 
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STEAM OR HOT WATER BEATING GAS HEATING 

uoOl PLENUM VOLUME ollOITY HOsEPOW SHIPPING sF.AMI HOTA TOTAL INIRECT TOTAL DIRECT TOTAL ... 

WIDTH F WEIGHT CAPACITi' -A SHIPPING FIRED SPPING FIRED PPIN ,m 
MBTU 1V 9a"EWT WEIGTfiCAPACITY WEIGHT CAPACTY WEIGHT LA(OIMENSION A) at 25I b w lh20 " MBIU MBTU W 

fu:
PSI DROP _ OUTPI) _n 

SI1-3-100 36" 2500 40-0 ! 300 I , 176 	 105 315 1b. 231 690 1b. 255 630 I. %D4 

140 o 08 73 " 3 o 690 ,$114100 55N 3200 40(0 1 4000 

462 1180" 470 1000"811-6-150 79" 48 40(0 1.5 500" 09 	 210 600 
81 1 8 0*~10- 640 '.'-.. . ,~.. 	 280 : . 616-87" *,-g*. 	 1640 " O30 1400 " rr" 

500 01X 5 740 " 642 350 840 " 616 	 2110" 790 1750 " SI1 -1000 1 27 

- - , .": ''"-' . -'.'-" .. ..: 2 100.-.. 924 2120 " . -45 2050 
811.12-0 .15" ""60 1 
81-16,600 :, 209. .'i: .-12800 .-.'' 0 :.':. .0.'-'- 100: -;s.'o,. * ' '9.. ' .. . ; . 1600 .': " 	 25"m 490 1450" ;1231078 ." 2...2 0"" 124 '~1103 2625"SI1.1-600 179" 112D0 Q000 213 1250 

-
, r..: .  1- 

S2-3-200 36" 380(, GD 2 800 - 202 130 856" 231 730 	 370 60" "-. 

475 70081214-30 56" 460 6000 - 3. 425- 276 105. 	 00" 8 70" 

870" 462 1250 o2 110"S126.-00 79 8( ECI0 3 68" 363 	 245 

26 .. 900 " S 1575 865 1450S12-8-500 03 	 lo.5.- m..- .
 

775" am8 410 9 r0" 516 2160" 1G48 1800"2-16-750 127 " "11 0C 0ri " 7.L 


.: -1020" - 9 "2,210" 1564 2100"
812 1U-750 *. 155 " 1" , .- 7.: -' :,90 , 790 

SW 1175" 1078 230" 10 2420"812-141000 179 161Oc f0o E15 1175" 084 
81,610 ,203'.:. ; 1840 .'.. :063,: :.5.. . ,....... 2 	 --. 

8?2.8 1,0 ./-t: 	 127 ., --, 1 04 1700 ..12 3 2 2570 " . 2003 

,,. _,. . el',e.046 ,, 1".. 7.. .... . 5 	 400 75 740 1610 ". 1265 1470 " 

722 456 12 0 . 618 2230" 1441 1 , " S "13 .0-1000 127 1375C 50:o 10 1000 

M14-1500 179" 1925C OOID 7.5110 1260" 985 840 1575" 1078 12470" 1974 j252 
,
,- -W-.. - -- d,. 


ISTANDAFD VOLTAGE Is 3:3-,210-23400AO cydo, fordovnions.sW options AsL Pm addillonal vaialilons. auch as Low Clomanco Motor 

Enck o s. EIc., ContwAc Ar. I n-prnosaI u 

Racomnmnontad e mi lng Iinolhs forIZECT CONTIOL SI SERIES-Doors up tol' ligkt1S2 SER IISDoors up to 12' IIfl SG3 SEFIES-Doows 	 I. 

top to 10. I Iflh. 



APPENDIX H
 
Air Exhaust from the Electroplating Processes
 



Energy is lost to the atmosphere from the air exhaust hoods over the electroplating 
baths. The amount of exhaust from the Galvatek galvanizing process and hard chrome 
plating process was measured and the energy loss calculated as follows: 

Galvatek Galvanizing Process 

Three identical exhaust fans located on the roof, manufactured by Galvatek. The 
velocity and temperature was measured on two of the exhaust fans and the third was 
estimated based on the average of the other two measurements. The velocitY was 
measured in the duct ahead of the fan, with a cross-section of 0.3487 meters-. 

Fan #1, measurements, avg. 13.7 meters/sec., 22 °C, 13.7*0.3487*3600 = 17,198 m3/hr 

Fan #2, measurements, avg. 14.8 meters/sec., 22 *C,14.8*0.3487*3600 = 15,579 m3/hr 

Fan #3, (17198+ 15579)/2 = 16,389 m3/hr 

Total exhaust 	volume = 49,166 m3/hr at 22 'C 

Heat loss equation: 

Q = flowrate 	* density * heat capacity * temperature difference 

where: 	 density: 1.2 kg/m 3 

heat capacity: 1005 J/kg *C 
temp. diff.: (22 - 3)°C 
(mean outdoor temperature during the heating season 3 °C)
 

Q = 49166*1.2*1005*(22-3)/10"9 = 1.127 GJ/hr 

With an air-to-air heat exchanger,50% of this energy could be recovered as warm 
building make-up air during the heating season. 

Hours of operation: one shift (8hrs/day), 5 days/week, 26 weeks/year: 1040 hrs/year. 

Energy Saved = 1.127*0.50*1040 = 585.8 GJ/yr (137,670 Kcs/yr) 

Estimated cost for one air-to-air heat exchanger, ducts, and clean air fan installed; 
2,,44,000 Kcs. Heat exchanger must include corrosion resistant construction due to the 
corrosive fumes from the plating operation. The existing exhaust ducts and exhaust fan 
are constructed from plastic. All three exhausts are to be ducted from the existing 
exhaust fans into the heat exchanger. 

Payback(not including electric consumption): 2344000/137670 = 17 years 



Hard Chrome Plating Process 

Three exhaust fans located in a room above t.- plating process. The velocity and 
temperature were measured on two of the exhaust fans and the third was estimated 
based on the fan nameplate rating. The velocity was measured in the duct ahead of the 
fan. 

Fan #1, measurements, avg. 3.67 meters/sec., 26 °C, cross-section, 0.4703 m2 

3.67*0.4703*3600 = 6214 m3/hr 

Fan #2, measurements, avg. 4.25 meters/sec., 26 'C, cross-section, 0.4927 m2 

4.25*0.4927*3600 = 7539 m3/hr 

Fan #3, estimated from fan nameplate, 4245 m3/hr 

Total exhaust volume = 18,000 m3/hr at 26 °C 

Heat loss equation: 

Q = flowrate * density * heat capacity * temperature difference 

where: density = 1.185 kg/m 3 

heat capacity: 1005 J/kg 'C 
temp. diff.: (26 - 3) °C 
(mean outdoor temperature during the heating season 3 °C) 

Q = 18000*1.185*1005*(26-3)/109 = 0.493 GJ/hr
 

With an air-to-air heat exchanger, 50% of this energy could be recovered as warm
 
building make-up air during the heating season.
 
Hours of operation: two shifts (16hrs/day), 5 days/week, 26 weeks/year: 2080
 
hrs/year.
 

Energy Saved = 0.493*0.50'2080 = 513.8 GJ/yr (120,734 Kcs/yr) 

Estimated cost for one air-to-air heat exchanger, ducts, and clean air fan installed: 
1,144.000 Kcs. Heat exchanger must include corrosion resistant construction due to the 
corrosive fumes from the plating operation. The existing exhaust ducts are constructed 
frorm plastic. All three exhausts are to be ducted from the existing exhaust fans into the 
heat exchanger. 

Payback(not including electric consumption): 1144000/120734 = 9.5 yrs 



APPENDIX I
 
Photographs
 



1. 	 Piping and valve insulation. From left to right: Victor Payer (Power Engineer),
Eduard Vrastil (Technical Deputy Director), Robert Anderson (RMA) and Robert 
Erickson (RMA). 

Owll| 

2. Domestic water tanks, where Honeywell control valves were later installed to monitor 
temperature. 



Victor Payer unpacks a Danfoss valve, which will monitor space heating. 



APPENDIX J
 
List of Abbreviations
 

,
 



AC 	 = alternating current 
amps 	 = amperes 
atm 	 = atmosphere = 14.696 pounds per square inch 
bar 	 = 100,000 pascals = 14.504 pounds per square inch 
BTU 	 = British thermal unit 
cfm 	 = cubic feet per minute 
cm 	 = centimeter = 0.3937 inches 
cm, 	 = square centimeter = 0.155 square inches 
CO 	 = carbon monoxide 
CO2 	 = carbon dioxide 
DC 	 = direct current
°C 	 = degree Celsius T[°C] = 5/9*(T[°F] - 32 
OF 	 = degree Fahrenheit 
OR 	 = degrees Rankine T[°R] = T[°F] + 460 
eff 	 = efficiency 
ex air 	 = excess air 
Gcal 	 = gigacalorie = 1 billion calories = 3.968 million BTU 
GJ 	 = gigajoules = 1 billion joules 
gph 	 = U.S. gallons per hour 
gpm 	 = U.S. gallons per minute 
GWh 	 = gigawatt hours = 1 billion watt hours 
H2 	 = hydrogen 
H20 	 = water 
H2SO 4 	 = sulfuric acid 
hectare 	 = 10,000 square meters = 2.471 acres 
hectoliter 	 = 100 liters = 26.42 U.S. gallons 
Hg 	 = mercury 
hr 	 = hour 
Hz 	 = hertz = cycles per second 
J 	 = joules 
kcal 	 = kilocalories = 1 thousand calories = 3.968 BTU 
Kcs 	 = 29.77/$1 US 
kg 	 = kilogram = 2.2046 pounds 
Kgcc 	 = 7,000 Kcal = 27,776 BTU 
kJ 	 = kilojoules = 1 thousand joules = 0.947813 BTU 
km 	 = kilometer = 0.621 miles 
kN 	 = kilonewton = 1 thousand newtons 
kPa 	 = kilo pascals - 1 thousand pascals = 0.14504 pounds per square 

inch 
kV 	 = kilovolts = 1 thousand volts 
kVA 	 = kilovolt-amperes 
kVAr 	 = kilovars = 1 thousand volt-amperes (reactive) 
kW 	 = kilowatt = 1 thousand watts 
kWh 	 = kilowatt hour = I thousand watt hours 
lbs 	 = pounds
 
liter = 0.2642 U.S. gallons = 0.03531 cubic feet 
m = meter = 39.37 inches 



m2 = square meter = 10.76 square feet 
m3 = cubic meter = 35.31 cubic feet 
mA = milliampere = 0.001 amperes 
metric ton = 1 thousand kilograms = 1.1023 U.S. tons 
mg = milligrams 
min = minute 
MJ = megajoules 
mm = millimeter = 0.03937 inches 
MPa = 1 million pascals = 145.04 pounds per square inch 
MVA = megavolt-amperes 
MW = megawatt = 1 million watts 
MWh = megawatt hours = 1 million watt hours 
NG = natural gas 
nm = nanometer 
Nm3 = cubic meters at standard conditions of temperature and pressure (20°C 

and 1 atmosphere) 
NO x = ititrogern oxide 
02 = oxygen 
P = pressure 
PC = personal computer 
ppm = parts per million 
psi = pounds per square inch 
psig = pounds per square inch (gauge) 
R = thermal resistance 
s = second 
SO2 = sulfur dioxide 
sq ft = square feet 
Tcal = teracalorie = 1 trillion calories 
T = temperature 
V = volts 
VArs = volt-amps (reactive) 
VSD = variable speed drive 
yr = year 

= 3.968 billion BTU 


