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1.0 INTRODUCTION
 

1.1 	 Background
 

The collaborative research and development project in solar thermal 

technology between the Solar Thermal Energy Center (STEC) of the Department 

of Non-Conventional Energy Sources (DNES), 
Government of India, and Brook

haven National Laboratory (BNL) of the United States Department of Energy 

was formally initiated in July 1983. The essential concept behind this 

project was developed initially in a meeting between Mr. Maheshwar Dayal, 

then Secretary of the Commission on Additional Sources of Energy, Government 

of India (and, now, Secretary, DNES) anJ Dr. Vinod Mubayi of BNL in 1982. 

The 	discussion focussed 
on the growing solar program in India in line with
 

the need to meet the rapid increases in energy demand in the country, the 

ivnovative research on new collector designs 
at BNL to make solar energy an
 

economically viable 
source and the need for institutional technical support
 

to a newly created central solar R&D facility in India with a broad mandate 

of undertaking work in new product develorment, performance evaluation and 

certification, standards setting, etc. It was 
felt 	that a collaborative RiD
 

proiram between BNL and the newly created STEC would offer some significant 

advantages both in transferring new research concepts as well as technical 

skills and equipment to the nascent STEC facility. The AID program with 

India on Alternativc Energy Resource Development provided the essential 

mechanisr under whiicl-: . joint project between the two institutions, BNL and 

STEC, could be devei .A 

1.2 	 Objectives 

At 	 the outset, the project can be said to have had two broad 

objectives:
 

(i) 	 The provision of institutional technical support to STEC.
 

This was sought 
to be done through the transfer of selected
 

instrumentation to STEC for measuring collector thermal per

formance, tiaining of STEC staff at BNL and the STEC site in 

use of the instrumentation and the establishment of basic 

experiments and procedures for 
thermal performance testing at
 

the STEC facility.
 



(ii) The introduction of STEC personnel 
to innovative research
 

concepts in solar 
 thermal technology, in particular, a
 
version of the thin-material polymer 
film flat plate solar
 

collector designed at 
BNL and under development there as part
 

of a Department of Energy sponsored research project.
 

The project was designed around a thermal 
performance test of the BNL
 
collectcr at the test facility 
to allow for a fusion of these two objec
tives. In addition, 
the transfer of the BNL-designed and fabricated col
lectors to the 
STEC site also permitted an evaluation of their 
thermal
 
performance and durability 
under ambient conditions very different from
 

those encountered in the United States.
 

1.3 Sequence of Activities
 

The sequence of activities carried 
out under the project involved the
 

following steps:
 

(i) Purchase of instrumentation under the terms 
of the project for
 
transfer 
to STEC. This included 
a data logger, a flowmeter, a
 
pyranometer, temperature sensors 
in the form of RTDs (resistive
 

temperature devices) and 
a teletypewriter for providing hard 
copy
 

of data output.
 

(ii) Test and 
calibration of the instrumentation purchased.
 

(iii) Fabrication of sample BXL-design 
collectors for transfer 
to
 

STEC.
 

(iv) Training of STEC staff at 
BNL in the concept and design of
 

the BNL collector and 
in the use of the instrumentation for
 
measuring collector thermal performance. The latter included
 

training in calibration techniques and in programming of the 
datalogger for the input, reduction, and analysis 
of acquired
 

data.
 

(v) Visit of BNL staff to 
STEC facility to transfer the 
collec

tors and instrumentation, install and carry out basic experi
ments for 
collector performance measurement, and to train a
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larger complement of the STEC staff in measurement techniques
 

and procedures.
 

(vi) 	 Carrying out a p'eliminary assessment and economic analysis 

of the possible application of the BNL collector in a system. 

The project was formally initipted in July-August 1983 with the comple
tion of a PASA between DOE and AD allowing BNL to proceed with the tasks in
 
the statement of work. The equipment from outside vendors was procured, 
following the specifications laid down by BNL technical staff, by the Con
tracts and Procuie-nent Division of the Laboratory. After procurement and 
verification the equipment was tested and calibrated at BNL in preparation 
for the training visit of STEC staff. 
 Three collectors, of an early version
 
of the BNL desir,n, were also fabricated for transfer to 
the STEC facility in 
India. This phi se of the work at BNL was essentially completed by October 

1983. 

At this stage, when preparations had been made to receive visitors from
 
STEC, some delays were experienced due to problems of reorganization on the
 
Indian side.' To sort 	 out some of the problems, Dr. Vinod Mubayi, Program 
Manager at BNL, made a trip to India 
in January 1984. Several intensive
 
discussions 
were 	held with DNES officials to identify the causes of the
 
delays and to expedite Lhe project. Several memos were exchanged between 
BNL and DNES to set new schedules for the training visit of STEC staff. 
During this trip, the STEC facility located outside of New Delhi in Duvda
hera, 	Haryana State, 
was visited twice. A visual inri:cECt1on was c;irried out 
to evaluate most suitable areas for iustallation of the equipment to be 

transferred and to determine the supportiag logistical work needed to be 

carried out by STFC in preparation for equipment installation. 

The project re-emerged on track in July 1984 with the visit of Mr. S. 
K. Gupta, Senior Engineer at STEC, to J1NL. A month-long training progrn,.n 
had been prepared at BNL and Mr. Gupta participated in it intensively and 
enthusiastically. In this visit, a large amount of library material in the 
shape 
of books, reports, and research publications was also given to Mr.
 

Gupta for building up STEC's 
library reference facilities.
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The next phase of the project involved the visit to STEC by a team of 

BNL scientists including Dr. Vinod Mubayl, Mr. William Wilhelm and Mr.
 

David Hansen in November 1984. During this visit, the BNL collectors and
 

instrumentation were transferred and installed at the STEC facility.
 

Training was provided to a 
larger number of STEC staff in performance
 

testing procedures, and test performance data were collected. 
 A number of
 

other experiments were conceived and fabricated during the trip as part of
 

laying the groundwork for further collatorative efforts especially in areas 

related to 
new materials development for solar thermal applications.
 

Several discussions were held with senior DNES management including 

Mr. Maheshwar Doyal, Dr. J. C. Gururaja and Dr. G. D. Sootha. In 

particular, Dr. Sootha and Dr. Mubayi had several meetings to discuss a 

follow-on effort to the project which 
resulted eventually in a formal
 

proposal from DNES to AID in January 1985.
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'-HE-- NLCOLL- ECTOR DESIGN _-7'__ 

'i.i.2 14Concep t 

Brookhaven National Labora tory (BNL), with the support of the'Off'Ice of 

4SolIa r 'Hea t Technologies, U.S. Department of-Energy (DOE), has, since 1978, 
embarked on research and deve'.opment activities to- develop information that 
wil11' be of value to the.solar and building' industry in the production and 
utiliza'tion of glow-cost solar 4compo~nents - nd ",_yste'Ms. One key area of 
research centered on the design of a solar 'collector' sufficiently' inexpen

sive to permit th eeomn f a mass market without tenecessityo4: a 

subsidies.' ks -a copemn to this, research and development were also 
initiated on concepts and components designs to similarly''reduc& the cost of 
the balance of the solar system.
 

In the, context of the need for new solar tehooyit is important to 

recognize that the market acceptance of conventional solar energy tech'nology 
is handicapped by three liabilities: (1) poor cost competitiver-ess relative
 

to conventional residential' energy systems, (2) architectural incompatibi' , @ &S ,:+,t < : ' ' : ' y ' ¢ F  '- , , . i , :,. : . , . " ' ' . .' . 11 : . . i.. s ' ' ' -! ' r . . . . .. . '' ' + : c f" % : : : ' ' 
*. conventional: and, 'C " lity 

4 

with :.! ., " a .: .buildings, .- '*''W - C4. ' aboutS ' system;(3) apprehension-, : ? ' ; " solar S i .! ! 
", 4 C -"' ': -

i ' -, V- >- * - °:;-:- : v'' -' ",'''relabiityand effectiveness measured in terms of durabilityancotiu 

tion to conventional energy displacement. cost effectiveness was based
.Poor 


on conventional solar technology and. is well documented by examples~in the 
former DOE Demonstration Program. System-installed cost for space heating 
in most cases va,,,h.7$,oulr. collectore.'sceed_fu.5,.C with the component contributing 

hEfLbou oftha .t. :treu,,n:. conventional collectors into a 
variety of architectural structures complicated the cost factor in an effort 

to achieve maximum performance and aesthetic appeal. . The relative high 
weight of these coriponents oft.u necessi-tated the use of' special equipment " 

causing additional cost. 

This understanding was fundamental 
 to developing a research ,
 
~development direction aimed at 1':oducing 
a marketable solar technology. T~o
 

define' the problem Vetter it was useful to establish criteria and to qu ' 
tify approximate design constraints for meeting them. This included es .'ab 
lishing initial performance and cost goals, and developing an awareness of 

their implications on the balance of the "system considerations, . ncluding 



s~enl~'~ e rhe istiuin 

Ad r s 'i eridsg" aybckf,'7 yars.. r lss laes an empnasis :on:major 

foldd imp rovemen in stem ct: ducion over current. practice. 

The i es~tablishment... f .ta: broa d :range. of" engineering- cons traints: was .a':distinctive part of the BNLresea r ch . These constraints. were. the critical' 

fiact ors- for guiding iboth. theL path.o'f: discovery an h omo h eventual:; : 
}"'}de'velop me 'n t . amehdttIwa permittedia: partial characterization- of- : ( .
' 
the. solution b'efore: the solutio0n or solutions* were,discovered ani verified., '::-


This: procedure .provided an efficient and orderily approach to 
drive creative
 
i)ii:i":: ': italents:::" 4 towards evolving-'the desired results.:- adweasheng f7yasos spaesala empasi o: 'j 

2. Th Low-Cost -hi-Material Solar Collector -

:)":.... The work performed= at iBNL: since 1978 has revealed 'a flat: plate solar . 
collector 'design that is verylow in cost with the developmentsimple in costucio an-oetilyvrof new engineeringpastlicslike polymer .. '. 

!ii~i i coatings , films and rigid foams (Figure 1). By using, very thin mat'erial in . .. 
a:::i:
special construction method developed for the aerospace industry, BNL has 
..
 

eBNLatene design uses-hgh performance polymer films for the w 
and in portieocns of the collector. These arefilms adhesively
 

lattachedo a roll-formed aluminum sheet frame that mates with a rigd 
TheestablIshenthe monocoque construction used inthe collector the 

Outer winow and back weather seal films are thermally shrunk to formitica
 
atension 
 memers against the rigid insulating her fom o e.e Tui

prd ur S a secilstructureonsrutiodvelpedfo thl mke the mtho rigid and arosacto inusryos,BNLhas "smilar the construction of an " 
the lutionabrplafoesng a methiodwe such of fabrcation ermits an extremely
Tgit structure with lttle material 
 e a riatod c
 

:.'v';"-:'.. The ,.7: ,.
BN-"-ntd.eig.ue. hig perfomanc polymer , films:.: for: the window,'t oaof the deslign uses materials for multiple functions to minimize 
6

44 
andweather::.:? sea.':l ;. ofpi s thecollector. 
 These : fim are..adhesively" .,2.2theaterial requirements. The windowatacedtoa ol-frmd luinmshetfrmethtfilm functions as' astructural merberats it:arii
 

as well as 
an optical convection suppressor. The back filmperformal
 
atension member and iWeathei fseal andi using vthe eryti prf 

Lfnction of. insulat olnas well as beih coapres 2embe. 2These 

http:BN-"-ntd.eig.ue
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'P:q:cons truction'Vtechiqu~es' have resulted, in 'a high> thermal "performance solar 
panel with a very, high strength-to-weight ratio. Experiments suggest this 

panel will be able to tolerate wind loads in excess of 200 km/hr and can 
permit a multitude of structural variations to accommodate architectural 

compatibility.
 

* The absorber coating in the BNL design is 
by necessity optically selec

tive. 'This is essential to minimize reradiated losses through the polymer 
film window which has an optical bandwidth much wider than glass. This 
wider bandwidth has the advantage of permitting more solar energy to reach 

the absorber and measured
is in an overall improvement in solar 
transmissivity and thermal performance. The optically selective property is 

* based on a printing technique. 
 By controlling the optical selectivity it Is 

possible in principle, to achieve higher efficiency at a given average
 

operating point while minimizing stagnation temperatures. This reduces the 

thermal stress on the materials in the absorber-heat-exchanger and can 
significantly reduce cost by broadening the range of polymer material
 

options.
 

The object of the research was to demonstrate that low material 

intensity could result in 
a viable low cost design. The high performance
 

collectors built and tested 
at BNL have achieved weights about 10 times 

lighter than conventional designs. Because of their light weight, it is
 

possible to combine a number of solar panels into 
a preconnected folded 

array, which permits a si1,-le one-piece instaslat:C'n of about 10 m2 of solar 
collectors without spqci.! eyulpment. In e>xper" ",erf ;',S t F! an 

2unassisted installer was able to carry a folded modular package of five 2 m

polymer film panels up a ladder and fasten them to the roof with only the 
tools carried in his pocket. The installation was done in less than 30 
minutes. With the probable development of printable absorber surfaces and
 

the demonstration of attractive panel configurations, the opportunity for 
versatile architectural integration is apparent. In the conc pts generated 

at BNL a vertically mounted solar panel with a textured altsorber surface 
integrates well with or 
acts as siding on most conventional aiad anticipated
 

building structures. It is believed 
 that -this will afford enormous
 

opportunities for building designs to combine efficient solar augmented 

energy collection without compromising attractiveness. 
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3.0 TECHNICAL COLLABORATION PROGRAM 

The substantive technical collaboration activities between BNL and STEC 

~ , under this projectinvolved the following: 

*(i) Training of STEC staff
 

(ii) Identification, procurement and 
transfer of intrumentation
 
p
 (iii) Set-up of collector test experiment at the STEC facility
 

(iv) Data collection and analysis.
 

In addition, during the visit of, BNL staff to STEC a number of other 
-experiments were 
conceived and implemented including using a BNL collector in
 
a thermosyphon hot water system, construction of 
a simple manual tracking rig
 
for the collector experiments, design of a temperature controlled oven for 
fabricating BNL type of collectors 
 and setting up some, simple thermal
 
scree~ning tests for materials used in solar components. These are described
 
in more detail below.
 

:,' . ":)W' '- ¢ ) i-"W
" -5. 

.." . .. 
J 
: . '-7 : - " , : '. ?< , t < : * -* *. ' - .F !{ 'A -, " ' '; ' ' ; . o ? . / '; , i :.TA ,V+ '< ;- .: ,i ; .' . ; ;' -( ! " : ; ' S '. - " -. t LV " > % -.- ' *93.!9-9 ! .- ' - '"9* 9. . . * .9"D.... . ;i ' *.."9! 

3.1 Training 

The training of STEC staff was conceived in line with the experience 
gained over several years at BNL in various training programs for personnel 
from developing cotintries that Involved energy modelling, systems analysis and 
t1&~'rgy bas. technnlc. -, e1~~W.ice gained in these ef forts has 
revealed the significant role which the more advanced energy technologies 
could play in the industrial and social growth of developing nations as 
opposed to the more conventional technologies. These are the technologies 
that the developed nations are tocolinf, up for and the ones that developing 
nations will eventually need in order to integrate and compete effectively 
with the rest of the world. The f':cus in these new technologies is directed 
towards major cost reductions in r('nwable energy alternatives by establishing 
new design options. To prevent a situation where developing nations will be 
in a position requiring them to always catch up it is necessary for them to be 
aware of the new sophistication in materials as well as in design. 

VaiV". ,;' ! ! Vt-)' 
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Introduction of these technologies as they are still maturing in the 

development stage offers 
a unique advantage in assessing their potential in
 

the context of planning and their commercial impact on the country's energy 

options. For this reason, BNL has encouraged a training program that includes 

education, training and collaboration in the more advanced technologies
 

influenced by an emphasis in cost-guided research and development. The
 

institutional support activity taking place under 
this project is in the
 

nature of collaboration between similar institutions in the United States and
 

India. This is in keeping with the object of improving the quality of the 

technology base of developing 
 countries by enhancing their technical
 

experience. In the collaboration, technical procedures as well as advanced
 

concepts and tools were introduced. These are believed important in
 

accelerating technical growth in this area in India. 

Tile training program schedule arranged for the visit of S. K. Gupta to 

BNL, shown in Appendix 1, embodied these considerations. A thorough exposure
 

was provided to the calibration and use of the instrumentation through a 

series of eight sessions involving sensor calibration, circuitry, data logger 

programming, output recording, 
etc., with an instrumentation specialist at 
BNL. Simililarly, a series of eigh t sessions was arranged on tile BNL collec

tor design philosophy, materials specifications and fabrication techniques. A 

large amount of library materials on solar technologies, designs and materials 

was made av.4lable to Mr. Gupta during the course of his visit. Of course, 

the Jnt-2nse tixation, enthusiasm and interest shown by Mr. Gupta were very 

.'.. '..f, ' behind the success of his training program. 

Tre training was continued during the visit of the BNL staff to STEC. 

Since most of the STEC were technicians and not professional engineers or 

sciei,;. Its, this training had to be conducted at a somewhat simpler level, 

mnustl, '-v means of a "hands-on" demonstration approach. The basic concepts 
behind the erection of the test stand, the sensor connections and the 

operat-. .n of the data logger were explained at length. This was alao done to 
ensur pr'oper operation, including start-up and shut-down of the data logger, 

of the instrumentation after the BNL staff had completed their visit. In this 
context , it should be noted that the professional staff at STEC has been 

considerably strengthened by the inclusion of two more full-time scientists so 

that the lower-level type of training will not be necessary in future. 
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3.2 Assistance in Establishing the Instrumentation Facility 

The order of events that lead to the establishment of an instiumentation
 

facility at 
STEC occurred over a period of approximately one year. Initial
 
site investigations at the STEC facility at 
Haryana, India, were made by Dr.
 
Vinod Mubayi prior to a detailed instrumentation package design. This was
 

done to insure a compatible set of instrumentation consistent with any
 
environmental constraints. Of considerable concern were conditions that might 
effect the long term durability and accuracy of the equipment provided and 
the
 

versatility it would offer for 
a full range of anticipated experiments.
 

It was clear after several consultations with 
STEC staff that special
 
care 
had to be taken to account 
for the extreme environments anticipated.
 

These included high operating temperatures in the summer and high humidity 

during the monsoon season. An air conditioner was specified as part of the
 

facility and an Acurex Autodata 10/4 data logger was 
chosen based on specified
 

durability and experience. 
In addition, line power fluctuations were of major
 
concern, not only because 
of effects on accuracy but because of potential
 

destruction of critical components 
in the electronics of the data logger.
 
Such danger could cause serious down time while replacement of components was
 

procured. 
 It would not have been practical to include a complete set of
 
replacement parts because of 
their high cost. The final concern was the high 

dust levels of the test site which could cause overheating of the instrument 

if not maintqined regularly. An enclosed room with an air conditioner was the
 

preferred envirc nment considered as the best option for extende, reliability. 
A po-,;r line conditioner was also specified but because of g .neral avail. 
bility and high weight it was left to be purchased in India by JIEC. 

3.3 Instrumentation and Calibration
 

The instrumentation package for the Solar Thermal Energy Center 

(STEC)/BNL collaborative test was configured to provide the optimum of 
performance in terms of accuracy, durability and versatility. The heart of 

this engineering data acquisition system is a microprocessor controlled data 
logger (Acurex Autodata 10/4) designed for use in harsh environments. Within 

the instrument are modules which accept direct electrical inputs from various
 

sensors. It is capable 
of both high accuracy and high resolution (V = 
1 micro volt). For applications such as required in most thermal solar 

-11
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experiments inpu s can be directly from temperature sensors that, include 

IlEI
thermocouples and- resistive.4ctemperature devices (RTDs). RTD sensors were 
supplied and used in.,the, S 'EC, test because--of., their high__accuracy_(>0. 1?C)--and 

To improve the' overall 

incorporates a computational 
outputs from thermocouples, 

versatility of the data logger this 

interface capability -that converts 
RTDs, current transmitters and other 

instrument 

electrical 
electrical 

. 

sensors directly into engineering units with the proper scaling factors. The 
capability of the device includes a limited arithmetic package that permits 
real time computations of various input data. This system can a dd, subtract, 
multiply or divide one channel by another. It cai also apply appropriate 
correction constants to a given channel to achieve the necessary engineering 
values including labled units. This capability makes it very convenient to 

evaluate data while the experiment is in operation. 

The data logger is capable of a high resolution (1 microvolt) scan mode 
of 10 channels per second. Higher data rates are possible with only a small 

reduction in accuracy. Such a mode might be required when the full input 
capacity of the instrument is used in a critical real time application. 

S. -Scanning control of up to 60 three--wire and 120 two-wire channels are possible 

within the primary mainframe provided. The instrument is also capable of 
*.external linear scaling of calibrated sensors. This allows the experimenter 

the flexibility of inputting his own calibration information on a special 
sensor into the data so that it will reveal accur,:te engineering. ,alues when.
in operation.' The packaE,. can serve a multitu c 3rt >:peri;:,i. one time 
and can easily be adjusted for new experiments a- t.,ut cx~ u.. lI. 

1' *. . 

Instrumentation sensors are the most critical components in the 

instrumentation package. .They are the "eyes and ears' as . daLa logger is 
the "biain". The quality of such devices is measured J., the accuracy, 
replicability and reliability they exhibit in a given application. For the 

STEC facility, temperature is the most common type of data rec !iredso most of 
the sensors are temperature devices. 

.1' 

Basically two.types of temperature sensors meet the requirements and a e 
common for such applications. They are copper/constantan thermocouples (TC) 
which are reasonably accurate 1.0 C) over a wide range (-100%C to 20000) of 
operation and. are considered quite durable under normal us. The RTDs 

1 ,2 1 oi- 0 

IC i 
= 

:J'' 
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specified 
are more accurate (< 0.1 C) than'the TCs but are delicate in the low 
mass, fast 
response configuration 
and may require occasional calibration
 

cj,h cking to insure -their-accuracy. The RTD 'is'-. the -impo-rt-ant choice herebecause in heat transfer rate measurements in relation to solar collector 
experiments the temperature change measured from inlet-to-outlet 
is often 

small (from 200 to 150C) and an a'curacy less' than 0.10 can represent a ,,'
substantial error in heat transfer. 

Q 

During Dr. Gupta's technical visit to BNL 
under the agreement of the
 
collaboration, calibration procedures were 
demonstrated, The 
procedures were
 
designed as 
guidelines to assist STEC in developing its 
own facilities as well
 
as insuring the quality 
of future data collection. It is anticipated 
that
 
extentions of this kind of 
guidance and the development of other instrumenta
tion needs would continue as 
part of extended collaboration.
 

To insure completeness, other instrumentation 
was supplied and demon
strated. A pyroheliometer, also connected to 
the data logger, was used to
 
measure solar intensity. While one basic unit 
was supplied with the shipment 
to India, others were already on order by STEC in anticipation of the instru
mentation facility. Water mass flow was 
the only data point not measured by

the data logger. This was decided on the basis 
of previous experience at BNL
 
and other laboratories performing 
similar experiments. To accomplish 
this
 
measurement, 
a fixed, e :Lernal, high accuracy 
( 1%) visual flowmeter was 

S" chosen as opposed to an electric flowmeter connected to the data logger.

"]ectronic flowater.= [.;:J 
 to be very unrelJable in most environments and
 
,Icarly woul.1 havw 
 Cs:- .ff :.. nr.d a. By designing the experiiajent
 
and the test stand 
 to oijerate in a constant flow configuration it was possible
 
to set the flow very accurately wth valving using the 
 visual flowmeter and
 
maintain it as a constant. It .. :, tl:In possible to treat 
 that value as a
 
numeric constant in the data 
 logger for high 'accuracy and consistency. 

A Teletype 43 teleprinter was supplied for program 
input to the 'ata
 
.logger and for hard copy recording of 
the data output. While this 'instrument
 
is simple, it is 
 quite rugged an( capable of withstanding extreme environ
ments. In expansion of the facility, 
 a more sophisticated monitor-cum-printer 

could be considered. 

. . . 



3.4 

A complete list of all instrumentation items suPplied to STEC along with
 
the technical equipment specifications obtained from the manufacturers of 
the
 
purchased equipment is shown in Appendix 2.
 

Data Logger Installation and Programming
 

The data logger provided for the STEC facility is a preciRion electronic 
instrument which will provide multichannel input capability and versatility. 
In the required initial 
experiment at STEC 
a BNL high performance, light
 
weight design, solar flat plate collector was 
tested to emphasize and validate
 
performance in 
the climate environment 
 of India. To accomplish this,
 
precision precalibrated 
 RTD-type temperature sensors 
 were atcached to
 
designated 
 input terminals 
 on the data logger and were 
 energized in
 
preparation for 
programming. 
 A programming 
sequence is necessary to 
access
 
the sensor signal, condition it and normalize it 
to the desired engineering
 
values. 
 In addition, conditioned data can be manipulated algebraically by 
the
 
data logger to 
form pseudo channel data derived from the information directly
 
accessed. This function provides a very 
convenient 
way to access data in
 
forms 
that are more meaningful to the researchers.
 

For Ehe solar flat 
plate collector 
tests performed at 
STEC the basic
 
information needed 
to evaluate thermal 
performance can 
be derived from three
 
input temperatures and 
the amount of insolation falling on the surface. 
 While
 
the data logger is capable 
of greater input capacity only a limited number of
 
inputs are 
rtquired for the basic performance testing. 
 It is anticipated that 

Sa t or.,! input capability of the data logger will be utilized to expand
 
existing experiments and 
to add additional experiments as required.
 

Fron the four 
basic input sensors, 
eight output channels of information
 
are created. 
 Four of the channels are directly derived from the input 
sensors
 
and four are algebraically derived 
from the basic four inputs for a total of
 
eight. This kind of flexibility is very useful in 
analyzing experimental
 
results 
in the context of deriving meaningful correlative 
data. In future
 
expansion of this 
data acquisition, a microcomputer may be added to the 
data
 
logger to 
expand the data reduction capability.
 

-14



3.5 Establishing the Test Facility at STEC
 

The STEC facility is located in Dundahera, Haryama State, 
near the border
 
of the Union Territory of Delhi and roughly 20 miles 
from what can be con
sidered as downtown New Delhi. 
 The facility co. sists of a large shed with
 
standard workshop industrial equipment such as 
a brake, lathes, bench drills,
 
welding equipment, etc., and 
an adjacent open-air yard where solar collectors,
 
solar cookers, driere, etc., 
are installed for testing. Adjacent to the STEC
 
workshop. shed is an El.ectronics Test and Development Center 
of the State of
 
Haryana which is heavily promoting and trying 
to attract private entrepreneurs
 

to set up electronics industries in their state.
 

An indoor view of the STEC workshop 
which shows workers fabricating a
 
sheet metal collector frame is 
shown in Figure 2. An outdoor view of the
 
open-air yard showing collectors installed 
on test stands is shown in Figure
 

3.
 

The primary effort in establishing the test facility was to take all 
the
 
necessary 
steps to ensure that collector testing could become 
operational
 
during the period of 
the BNL staff visit. This included building the test
 
stand, the storage tank, selecting the piping and pump, connecting up the
 
instrumentation and programming the data logger. 
 The BNL collector was used
 
as part of the shakedown for the testing 
fixture in preparation for the 
intended experiment. Many of the ancillary parts had to be made in the STEC 
machine shop which is well equipped. However, some parts such as pipe fit
tings and various small 
 hardware were purchased on the outside, usually with 
considerable difficulty as compared with similar purchases in the 'U.S. Full 
dedication was provided by the STEC staff which resulted in an operational 
experimental fixture at the end of two weeks.
 

The test fixture erected is intended for testing solar collectors now
 
made by various private companies in India entering 
the Indian market and
 
requiring Government certification as part of a standardization procedure. 
The multi-channel capability of the data logger supplied under this project 
means that a number of collectors and other solar products such as cookers, 
driers, etc., 
can be tested simultaneously for 
thermal performance. Towards
 

the end of the 
BNL staff visit, it was 
observed that many manufacturing
 
companies in India were providing samples of 
their equipment to STEC to obtain
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certification and 
 STEC staff were using the data logger and other 

instrumentation to measure performance. 

Figure 4 shows the STEC technicians working on the test fixture. Figure
 

5 shows the com pleted test fixture with the BNL collector; STEC/BNL staff are 
shown explainivg test procedures to Mr. Dayal, Head of DNES. 
 Figures 6 and 7
 

show STEC/BNL staff taking readings from the flowmeter attached to the teat 

fixture. 

3.6 Solar Collector Performance and Testing
 

Solar collector thermal performance is customarily described by 
a linear
 

curve which specifies the useful energy 
as a function of the input radiation
 
and the collector operating temperature relative to its surroundings. The 
parameter that quantifies the capability of the collector to absorb solar 
radiation is called the effective transmittance-absorptance product (Ta). The 

energy absorbed is primarily a function of T, the transmittan'-e of the 
glazing, and a, the absorptance of the absorber plate surface, yielding the 

expression: 

Qsolar IT Ac(Ta) (3-1) 

where 

I T = the total incident radiation per unit area, measured in 
the aperture plane of the 
collector (Btu/hr-ft2(W/m2),
 

au, Ac = the collector aperture area, ft2 (m2 ). 

Thermal losses from 
the solar collector 
occur in three ways: conduction,
 

co:ivection, and 
radidtion. For both experimental and analytical purposes, 
it
 

is common to combine the losses to yield a single heat loss coefficient based 
upon the temperature difference 
between the average collector absorber plate
 

teruverature and the ambient temperature. Thus, the rate of 'heat loss 

=Qloss UL Ac(Tp - Ta), (3-2)
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where 

UL  the overall collector loss coefficient
 

Btu/h.ft2.OF (W/m2.K);
 

Tp M the average absorber plate temperature, OF(OC);
 

Ta - the ambient temperature, °F(OC). 

The useful energy derived from the collector can be expressed by:
 

Qu ' Qsolar - Qloss ' (3-3)
 

and, by substitution, the quasi-steady-state performance of the collector 

becomes:
 

Qu - Ac IT (Tra) - UL Ac (Tp - Ta). (3-4)
 

The efficiency of a flat-plate solar collector is 
usually defined as the
 
ratio of the useful energy delivered by the collector to the total solar 

radiation incident on the collector: 

Qu Qu
 

0=-  0-5)Qincident AclT
 

By substituting Equation 3-4, the collector efficiency becomes: 

= (Ta) - UL(Tp - Ta)/IT ' 
 (3-6)
 

Since the absorber plate temperature is not usually known, following 
Whillier, a more? 
useful expression for the collector efficiency can 
be derived
 
by substituting the fluid 
inlet temperature Tin, for 
 the absorber plate
 
temperature and by introducing the collector heat removal 
factor FR to
 

approximate the reduced collector 
heat losses.
 

-23

http:Btu/h.ft2.OF


T) - FRI(T a) - UL(Tin - Ta)/IT], (3-7a) 

or
 

T- FR(Ta) - FR UL (Tin - Ta)/IT . (3-7b)
 

In this expression. FR is the ratio of the actual energy collected to 
the ideal maximum collection that would occur 
if the absorber plate were at 
the inlet fluid temperature. Since the fluid inlet temperature is always less
 
than the plate temperature, the heat loss is minimum in the ideal case. FR 
depends both on the properties and flow rate of the heat transfer fluid and on 
the overall thermal resistance between the absorber plate and the fluid. 

Equation (3-7b) shows that 
 if the efficiency fl is plotted against 

(Tin-Ta)/IT, a straight line will result 11ith a slope of FRUL, with an 
intercept on the ordinate 
equal to FR( Tca). Since UL is generally a 
function of temperature, there are second-order corrections to the straight 
line. However, a linear fit usually provides an adequate approximation to the 

collector efficiency.
 

Equation (3-7b), generally known as the Hottel-Whillier-Bliss (HWB) 
equation, is the basis for the testing of solar collector thermal efficiency. 
The test procedures were developed at the National Bureau of Standards in the 
1970's and later refined and nodified by the ASHRAE Technical Committee on 
solar energy and adopted as ASHW AAi Standard 3-77. 

3.7 Results of the BNL Collector Test
 

The BNL collector 
 tested at STEC used a conventional tuIe and fin 
absorber plate instead of the thin material unpressurized design currently 
under development at BNL. This allowed the BNL lightweight design to be 
applied to conventional pressurized system operation such as 
in theriosyphoned
 

water beating. The 2 m2 panels delivered to STEC weighed about 14 .g or about
 

30 percent as much as conventional designs.
 

Figure 8 shows a schematic line drawing of the overall test fixture and 

the sensor connections. 
 The test carried out 
was a simple sub-set of the
 
procedure specified 
in ASHRAE 93-77. Since the BNL design collector had been 
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Figure 8. Functional Diagram of Solar Collector Testing Fixture 



tested earlier for thermal performance at SERI and the Florida Solar Energy 
Center, the more important concern on the part 
 of BNL was to obtain 

information on the durability of the design in Indian conditions. Another
 
goal of the test was to introduce STEC staff to testing procedures, keeping in 

mind the embryonic state of the facility. 

The experiment was 
performed using continuous pumped flow operation. The
 
collector inlet (Tin) and outlet (Tout) temperatur-s and the ambient (Ta) 

temperatures were monitored 
with precision (T<i0.1oC) temperature sensors
 
(resistance temperature devices, [RTDs]) connected to the "smart" datalogger. 

The datalogger provided under the project is an Acurex Corporation Autodata 
10/4 with multic-hannel capability and an internal programming capability for 
manipulating and reducing the 
raw sensor information thus permitting automated
 
data reduction. This instrument is connected to a hard copy terminal for 

programming and recording of the output. 

A constant flowrate of 2.56 1/min was maintained through the collector by 
means of a motor driven pump and a restricting flow valve system in the water 
circuit. The mass flowrate (;) was monitored vith a Brooks flow meter with 

the heat transfer rate (QT) estimated from: 

=QT re(Tout - Tin) 

The solar insolation (I) was measured 3y 
a Licor pyranometer connected to
 
the datalogger. This permits determination of the total input energy (IT) 

r,-.Jativc, -., rhe collector gross area 
(Ac):
 

IT = IAc 

Instantr:-ous efficiency was simply derived from:
 

QT
 
= _ TIC 

IT
 

3.8 Performance Results
 

Test data were obtained over a period of two months from mid-November 

1984 to mid-January 1985. A large number of data points were obtained at 
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various operating points (AT/I) to ensure an adequate statistical data base 

for the performance curve, as well as to generate confidence in the overall
 

test fixture including test stand and instrumentation. Appendix 3 contains 

some of the datalogger outputs generate-, in the test. The Licor pyranometer
 

output was later calibrated with a stanuard Eppley laboratory pyranometer and 

an average correction factor of 6.01 percent was applied to the Licor output 

over the range of insolation data obtained during the 
test.
 

The results are shown in Figure 9 which is a standard plot of the 

instantaneous collector efficiency, nc, versus AT/I where: 

AT = Tinlet - Tambient in OC 

2
I = solar insolation in watts/m . 

The curve was estimated by performing a linear regression on 61 quasi 

steady-state test data points of the form 

Y = a + bx 

where Y is the efficiency and x = AT/I. Only the first-order curve was
 

estima ted.
 

The results of the regression were as follows: 

Estimated value of a = 0.75 (t = 85.7) 

Estimated value cf b = -4.54 W/OC - (t -28.6)2 = m


The calculated value of the AT/I intercept was: 

(AT/I) intercept = 0.165 0C - m2/W. 

The t-statistics indicate that the estimates of the regression parameters 

are highly significant at the 0.01 level.
 

3.9 Conclusions on Performance
 

The test data obtained indicate that the BNL ultralight collector design 

performed well in the fairly severe Indian environment. Conditions at the 

STEC test site in the season in which the test was performed tended to be 

desert-like with frequent wind-blown dust. These conditions were much harsher 
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4.0 APPLICATION AND ECONOMIC ANALYSIS OF SOLAR THERMAL SYSTEMS
 

The present market for solar thermal energy technologies in India is 
almost completely restricted to solar hot water and, in a smaller number, hot
 

Air systems. A few projects utilizing concentrating systems for producing 
steam and/or thermally generated electric power have been carried out but 
these are restricted to the R11D stage. Similarly, a few solar cooling/cold 
storage systems employing the absorption cooling cycle have been installed?
 

but these are also experimental systems. 

4.1 Solar Hot Water Systems--A Preliminary Analyais 

The market for solar hot water and hot air systems, in terms of economic 

subsectors, can 
be divided into the following categories:
 

(i) Domestic hot vater: typical system size and temperatures are 

100 liters per day at 600C.
 

(ii) Institutional buildings: includes hotels, hospitals/health 

centers, school and college dormitories, rest houses, 
etc.
 

Typical systems size and temperatures range from 500 to 1000 

liters/day to upwards of 30,000 liters/day, for large hotels,
 

at 600 C.
 

(iii) Commercial establishments: laundries, canteens, restaurants, 

etc. System size and temperatures are in the range of 500 to 

2000 liters/day :t temperatures h(:WEC-Ti 6000 to 80 0 C. 

(iv) Industries: a fairly large 
 range of industries offers a
 

potential market for both hot water and hot air systems. In 

India these include textiles, chemicals, paints and products, 

dairy, etc., for hot water systems and agroforestry based 

processing industries including timber, 
tea, pepper, cardomom, 

etc., for hot air systems. Systems installed have ranged up.. 

to the largest installation of 75,000 liters/day (textile and 
dairy industries) with temperatures in the range of 550C to 

85 0 C. 

A preliminary economic and financial analysis has 
been performed here for
 
a domestic solar hot water system. The size and wacer temperature of the 
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solar system has been as jumed to be typical of those being marketed in India
 
currently. These deliver 100 liters of water 
per day at a temperature of
 
600C. The economic/financial analysis has been carried out through 
a compari
son with a domestic electric resistance water heater (commonly known in India
 
as 
a "geyser"), which is sold in quite significant quantities in India's urban
 
areas, delivering approximately the same quantity of water daily at the same
 

tempera ture.
 

The analysis has been carried out using a microcomputer software program,
 
specifically developed at BNL for economic and financial analysis of renewable
 
energy and energy conservation technologies. The program is interactive, runs
 
on any DOS-based microcomputer with at least 192 K of RAH, and can 
be used by
 
persons without significant programming experience. 
 The program calculates
 

economic figures 
of merit such as net present value, the internal rate of
 
return and the payback period, and can be utilized to perform economic evalua

tion of systems and projects according to generally accepted criteria used by
 

banks and financial institutions.
 

The program trades-off the savings of conventional energy, in this case
 
electricity, against the higher capital cost of the 
solar system and evaluates
 
the various economic figures at an assumed discount rate which is input
 
exogeneously. The analysis reported below 
assumes climatic conditions and
 
household use patterns typical of the Delhi area 
in India. It is assumed, for
 
example, that households utilize domestic hot water for about 
4 months per
 
y Ear fror, say, Novenber to 
March. Based on the typical mains cold water
 

E r c-. during these months, It is estimated that an average 
electric water heater will consume about 700 kwh of electricity for supplying
 
100 liters of water per day at 600C 
over this 4-month period. This
 
consumptior. will be greater if climate or 
behavior patterns dictate longer
 
usage ovcr the year than that assumed here.
 

The current, unsubsidized, average retail price'of a 100 liter per day,
 
600C Solar hot water syotem employing conventional glass/metal collectors, 
is
 
around Rs, 7000 to Rs. 8000, based on 
the prices being quoted by various manu
facturers such as Jyoti, Allied, Bharat Solar, 
etc., in India. The average
 
retail price of a "geyser" of the same capacity is about Rs. 1500 as estimated
 
from appliance stores in New Delhi. 
(Current conversion rate is Rs.12 
- $I.00)
 

Table 1 below shows the assumptions used in the analysis. The capital
 
cost to the consumer (or, the retail price) of 
the solar hot water system has
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been varied from Rs. 
8000 (current technology) to Ra. 
5000 (as, for example,
 
could be possible with an intermediate technology based 
on the current BNL
 
collector design), and, finally, Rs. 3000 (for an ultimate advanced design).
 
Moreover, energy price subsidies are an ubiquitous feature of the energy 
scene
 
in India. The current average electricity 
prices charged to domestic con
sumers in the Delhi area by the utility, about Re. 0.75 per kwh, are known to 
be below the economic resource cost of generation and distribution. For pur

poses of analysis, a "shadow" 
or economic price of electricity of Rs. 1.25 per
 
kwh which is believed to be closer to the true 
economic production cost of
 
generating, transmitting and distributing electricity in India (see "Report of
 
the Committee on Power," 
Govt. of India, New Delhi, 1980), has been assumed in
 

an alternative scenario. 

Solar hot water systems installed in domestic households qualify for a 
subsidy of 50 percent from government. This program is administered through 
DNES and various state nodal agencies responsible for promoting solar tech
nologies. In the analysis done here, four scenarios have been analyzed as 

follows:
 

(i) Scenario I: Unsubsidized Solar, "Shadow" Price Electricity 

This scenario takes the unsubsidized solar hot water 
system capital cost and the unsubsidized, "shadow" or economic 

price of electricity
 

(ii) Scenario II: 
 Subsidized Solar, Current Price Electricity
 

This scenario assumes the 50% subsidy for solar systems 

and the current (subsidized) prices of electricity.
 

(iii) Scenario III: Unsubsidized Solar, Current Price Electricity
 

and (iv) Scenarto IV: 
 Subsidized Solar, "Shadow" Price Electricity.
 

Two discount .rates, 10 percent and 15 percent, typical o project evalua
tion in India, have been assumed f or all scenarios. In each scenario, the
 
prices of the solar hot water system are assumed to be a parameter varying 
between Rs. 8000 (current), Rls. 5000 (intermediate) and Rs. 3000 (advanced).
 
The results, shown below in Table 2, are for a discount rate of 10 percent. 

In Scenario I, where both solar and electricity are unsubsidized, the 
current systems being marketed would be clearly unattractive to a consumer. 
The internal rate of return 
(IRR) is barely positive, the payback period is 8
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Table 1. ASSUMPTIONS IN THE ECONOMIC ANALYSIS OF SOLAR DHW SYSTEM
 

Item Conventional System Solar DHW System
 

Capacity 


(liters/day)
 

Temperature 


(degrees C)
 

Energy use 


(kwh/year)
 

Electricity price 


(Fs./kwh) 


Capital cost 


(Rs.) 


Economic life 


(years)
 

Solar subsidy 


100 100 

60 60 

707 -

0.75 (current) -

1.25 ("shadow") 

1500 8000 (current) 

5000 (intermediate) 

3000 (advanced) 

10 10 

-- 50 

Table 2. RESULTS OF SOLAR DHW ANALYSIS
 
(Discount rate 10%)
 

Solar Cost IRR Payback NPV 
(Rs.) (%) (years) (Rs.) 

SCENARIO I
 

SCENARIO II
 

SCENARIO III
 

-SCENARIO IV 


8000 
5000 
3000 

4.8 
20.1 
55.3 

8000 

5000 

14.2 

47.4 

8000 
5000 

3000 

-5.2 
6.3 

29.9 

8000 
5000 

. 
31.4 
83.9 

8 -1354.,1 
5 1635.2 
2 302g." 

6 459.6 

3 2631.7 

>10 -3526.5 
8 -536.9 
4 1456.1 

3 2631.7 
2 4126.5 
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years and the net present value (NPV) is negative. The intermediate system 

has an acceptable IRR of 20 percent, a more favorable payback period of 5 
years and a positive NPV. The advanced system would clearly be a "winner" and 

clearly require no subsidies to capture the rarket. 

Scenario II, where both solar and electricity are subsidized, is the ease 

operating at present. The current subsidized system is seen to be marginally 
acceptable, with a payback period of 6 years and an IRR of 14 percent. How

ever, if the discount rate is increased to 15 percent, which may be somewhat
 

more realistic from the point of view of an individual consumer, whose "risk" 
premium may be somewhat higher, the IRR decreases to 3.7 percent and the pay
back period rises to 9 years. 
 This could be the reason why current solar hot
 

water sybtems, 
even with a 50 percent subsidy, are not making sufficient head

way in the Indian market. The cost of these systems is too high and they face 

competition from subsidized electricity prices. When the system cost is 

lowered to that of the intermediate system, then the subsidized solar system 

will be much more acceptable with an IRR of 47 percent and 
a payback period of
 

3 years.
 

In Scenario III, where solar is unsubsidized and electricity is subsi
dized, only the advanced solar sy3tem with an IRR of 30 percent and a payback 

period of 4 years makes economic sense from the consumer's point of view. In 

Scenario IV, where solar is subsidized and electricity unsubsidized, the 

reverse is the case.
 

4.2 Solar Cooling/Cold Storage Sy': Prclh Thnry AAssessment 

There is a major electrical load for space 
cooling/air conditioning
 

developing in India's urban areas. 
 There is ah o a 'very large requirement for 

cold storage to store perishible agricultural comrnodities in rural areas where 
grid electric supply is either unreliable or unavailable. Given the climate 

prevailing in most regions of the country over most of 
the year, cooling is a
 
-high value end-use of energy in India for which consumers are willing to 
pay a
 

premium. Moreover, cooling is becoming valu..le 
not only as an amenity in
 
high income households or in commercial 
buildings, but increasingly in produc

tive sectors of the economy where temperature controlled environment is
 

required for the process. This includes growing 
sectors such as electronics,
 

drugs and pharmaceuticals, dairy, etc. Recognizing this fact, DNES has had an
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Thesualapproach. to 'direct solar cooling is to operate a 

2V< c olin cy le ith' g provided by a solar collector-c -storage &ystem.
~For us 
 olcos h
ih eprture limitations generally res-
!i ?; , +. ia_._it:..- -____oeriu~ br--e 


-''trict 
 the available absorption chiller one 
n, W-de 

-

to opehrting on a single-effect 
lithium bromide...'ater system. Further 
research and development work may 
disclose other refrigerantaborbant pairs suitable for solar operation,
'these 'have not yet been developed, to a point~where they could 

but 

be, evaluated. 
from an operational standpoint. 

Commercial lithium bromide water absorption chillers are made in a wide 
range of sizes by Yazaki Corp. of Japan.- In the U.S., absorption chillers are
 
manufactured by Trane, York, Carrier, and earlier by Arkla. 
 Most of these are

manufactured for natus. gas or oil-fired boilers as energythe source.
 
~Yazaki, however, makes smaller sizes suitable for solar operation.
 

,A schematic diagram ;"of 
a single-effect absorption 
chiller is shown in
 
Figure 10. The theory the
of absorption 
cycle is contained in atandard
 
engi neering textbooks, 
 yforexample, Duffie and Beckmann's "Solar Thermal
 

Engineering Processes." 

-

The pressure in the 
condenser and generator is fixed by the con
denser fluid 
coola-nt temperature., 
 The pressure in the 
evaporator
and absorber 
is fixed by the temperature of the cooling 
fluid to
tht' absorber. The generationprocess is 
one of increasing the 
concertr~tion 
 r 55 u- 60 percent while the equilibrium temperaturec: t:,c E2lutic;, rist. from 72 
to 82 C at the pressure of the 
 - -'denser. In the absorber, the 

con-

solution concentration drops from 60
to 55 percent as the 
solution temperature drops 
from 48 to 38 C1 all at othe pressure.iebaporator 
 In a: real cycle, some-sensible
 

- heat will have to be transferred in the generator and absorber (theamount dependent on the effectiveness, of exchanger HX), 
there will
be press c g though the generator due to hdrostatic head
temperature differences 
across all heat exchangers, and other nonideal behavior,' Eact piessures,, temperatures, and concentra tionswill -vary with th mchine anid 'ot a:tope'i 'on conditions.'
 

I'The 
 maximum .... conditions..
solu tion temperature of the heated fluid 
 t o 'the,generator must be above the maximum generator temperature, whichdet+ermined by condenser pressure 
is'
the 
 'and the concentratIion 
of the

solution leaving the generator.; Thekept within the limits imposed by ,thegenera to'r'tempera'turescharacteritc must be,of lat-plate--------
collectors. -Themcritial'desig factors:,,a'nd operational,, paramet'erinclude 
 solution. .concentrations' effectiveness of the heat'' 

rs and coolanttemperature
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The pressure difference between the high- and low-pressure sides of
 
LiBr-H2 ) systems is small enough that these systems can use a
 
vapor-lift pump and gravity return from absorber 
to geiterator as an
 
alternative to mechanical pumping to move 
the solution from the low
 
pressure to the high pressure side. 
 Early absorption machines used
 
the vapor-lift pump but more 
recent designs use a mechanical pump
 
because of improved performance.
 

An overall steady-state energy balance on the absorption cooler
 
indicates that the energy supplied to 
the generator and to the
 
evaporator must equal 
the energy removed from the machine via the
 
coolant flowing through the absorber and condenser, plus whatever
 
net losses may occur with the surroundings
 

=QG + QE QA + QC " QLosses
 

The coefficient of performance, COP, is defined as the ratio of
 
energy into the evaporate, QE, to 
the energy into the generator,
 
QG:
 

COP - QE/QG 

Coefficient of performance is 
a useful index of performance in
 
solar cooling, where collector costs (and thus costs of QE) are
 
important. Many LiBr-H20 machines have nearly constant COP as 
the
 
generator temperatures vary over the onerating range, as long as
 
they are above a minimum. The COP is usually in the range of 0.6
 
to 0.8, and the major effect of variation in the solar energy
 
temperature to the generator is 
to vary QE, the cooling rate.
 

With water used as 
a coolant in the absorber and condenser, the
 
generator temperatures are in 
the range 70-95 C. The temperature
 
of the fluid supplied to the generator must be higher than this
 
which means that there is a very small temnpera-ture range over which
 
an unpressurized water storage tank can 
operaLe."
 

For this reason in an advanced cooling concept, using the BNL ultra light
 

solar collector, the collector will operate in a constant 
temperature mode.
 

This will be accomplished by directly connecting the generator circuit in
 

series with the collector loop and varying the flow rate to maintain constant
 

temperature. Under such operation a variable speed motor will modulate the
 
flow rate in proportion to the solar intensity. 
Such a system will emphasize
 

cold-side storage with little or 
no hot-side storage. Under operation, the
 
system will operate as long as there is sufficient solar intensity to build
 

cold-side storage. 
With such a system it is possible to optimize overall
 

efficiency with a minimum of hardware components. In addition, the absorption
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chiller will operate at a constant high COP with capacity varying only 
as a
 

function of solar intensity.
 

Economic and performance analysis of solar absorption cooling in Indian
 

conditions is expected to 
be carried out in a follow-on phase to the current
 

project with STEC.
 



5. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK
 

Although solar energy research started in India over 
30 years ago, for
 
most of 
the time it remained confined to the activities of a few scientists in
 
research laboratories. The advent of the "energy crisis" in 
the mld-1970's
 
coupled with 
the very rapid growth in energy demand created by the increases
 
in industrialization and urbanization gave rise to a generalized energy
 
shortage which still affects the whole country. This spurred an interest in
 
the development and commercialization of alternative energy sources and
 
technologies. 
 Since sunshine is relatively abundant over all of India 
for
 
most of the year, there has naturally been an interest 
in the commercial
 
development of solar technology. 
 The formation of DNES and STEC is 
an essen
tial step in this process since, within the 
Indian system, a centralized
 

institution can bring larger resources to bear 
on the development, diffusion,
 
standardization, and promotion of 
the new technologies. However, state and
 
local level organizations will be needed to active and
play essential roles
 
within their areas of responsibility and private sector manufacturers will
 
require the proper signals and resources to induce them to 
produce the neces

sary hardware and systems.
 

The BNL-STEC project is only a small step in this overall process, but it
 
has played an important role in developing STEC staff and facilities from
 
their early stage. 
 The highlights of the accomplishments under the current
 

project could be described as:
 

- - !.' of STEC staff in solar thermal technology, including 

the measurement of thermal performance of solar collectors, 

(ii) Trainsfer to STEC of selected accurate instrumentation to
 

c:iable them to set up a preliminary testing facility,
 

(iii) Introduction of new research concepts 
to STEC, including the
 

1B31,high performance, ultralight collector, but also including
 

c-phasis on cost-goal guided research and quality control and 

L'.asurement, 

(iv) Introduction to STEC of 
new materials concepts and the crucial
 

role materials science to
has play in solar technology
 

development.
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Future collaborative work between 1NL and 
STEC has been identified in
 
joint discussions and is 
embodied in the memorandum of January 10, 
1985, from 
Dr. G. D. Sootha of DNES to AID. These plans relate to providing institu

tional support to STEC in key areas related to STEC's R&D plan and objectives 
where BNL is also carrying out R&D activities. These areas are as follows:
 

(i) 	Systems Engineering and Design
 

(a) 	Materials engineering and design
 

(b) 	Component engineering and design
 

(c) 
Compact heat exchanger design and development
 

(d) 	Hot water systems design including DIW and IPHW systems
 

incorporating high-performance, low-cost components
 

cooling design
(e) 	Solar systems and prototype fabrication
 

incorporating advanced refrigerant combinations
 

(f) 	Concept design and prototype fabrication of low-cost
 

solar concentrators incorporating 
 new and advanced
 

materials concepts.
 

(ii) 	 Systems Analysis
 

(a) 	Systems optimization studies
 

(b) 	Cost and economic analysis of systems and applications
 
(c) 	Development of computer software for analysis taking into
 

account Indian conditions.
 

(iil) Materials Development
 

(a) 	Experimentation with 
new materials for solar components
 

construction and development
 

(b) 	Materials testing studies including thermal stability,
 

corrosion resistance, life testing, etc.
 

(iv) Testing and Standardization
 

(a) 	Test rig development for testing of solar components and 

systems 

(b) 	Computerization of test procedures
 

(c) 	Standardization of testing methods
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(d) Standards setting for solar components and systems. 

(v) Information Systems 

(a) Building up library and information 

STEC 

(b) Information retrieval methods. 

infrastructure in 

(vi) Equipment and Materials Supply 

(a) Computer hardware and software and peripherals 

(b) Calibration equipment 

(c) Accelerated materials testing equipment 

(d) Supply of sample materials, 
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APPENDIX 1
 

STEC Staff Training Program at BNL, July 1984
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BNL - INDIA SOLAR PROJECT
 

TRAINING PROGRAM SCHEDULE OF MR. S.K. GUPTA
 

DATE 


July 9 


July 10 a.m. 


p.m. 


July 11 a.m. 


p.m. 


July 12 a.m. & p.m. 


July 13 a.m. 


p.m. 


July 16 a.m. & p.m. 


July 17 a.m. & p.m. 


July 18 a.m. 


p.m. 


July 19 a.m. & p.m. 


July 20 a.m. 


p.m. 


OPTIONAL 3rd WEEK
 

July 23 a.m. & p.m. 


July 24 a.m. & p.m. 


July 25 a.m. & p.m. 


July 26 a.m. 


p.m. 


July 27 


SUBJECT 


Orientation 


Technology Goals 


Collector Hardware I 


Collector Hardware II 


Instrumentation I 


Instrumentation II & III 


Instrumentation IV 


Discussion Meeting 


Instrumentation V & VI 


Instrumentation VII & VIII 


Discussion Meeting 


Solar Software 


Collector Hardware III & IV 


Lab Solar Facilities Visit 


Off
 

Collector Hardware V & VI 


Collector Hardware VII & VIII 


Independent Test Project 


Solar Materials Review 


Wrap-Up 


Off
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BNL STAFF RESPONSIBLE
 

V. Mubayi
 

W. Wilhelm
 

D. Hansen
 

D. Hansen
 

P. Cerniglia
 

P. Cerniglia
 

P. Cerniglia
 

V. Mubayi & W. Wilhelm
 

P. Cerniglia
 

P. Cerniglia
 

V. Mubayi & W. Wilhelm
 

V. Mubayi
 

W. Wilhelm & D. Hansen
 

V. Mubayi
 

D. Hansen
 

D. Hansen
 

V. Mubayi & W. Wilhelm
 

V. Mubayi
 



APPENDIX 2
 

Hardvare and Equipment Transferred to STEC
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INVENTORY LIST - ITEMS SENT TO lRrLA FROM BNL 

Item No. Item 

1 Solar Coll'ector, 3' x 7' x 2-3/4"; Serial No. BNL-001 
2 Solar Collector, 3' x 7' x 2-3/4"; Serial No. BNL-002 

3 Solar Collector, 3' x 7' x 2-3/4"; Serial No. BNL-003 

4 Rotometer 

5 Ribbon Set 

6 Ribbon Set 

7 Printer Paper 

8 Multi-socket line cord 

9 6 RTD's, 50' long, attached to board module 

10 Printer Paper 

11 LI-Cor Pyranometer and assorted cables 

12 Platinum Resistance Temperto-tre Sensors 

13 Model 43 Teleprinter 

14 Acurex Model Ten/4 Datascanner 
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Optional Features 

IEEE-488.1978 
Capable of perlorming both talker and 
listener functions. 

RS-232-C Communication 
Up to two independently contiollable 
output ports for communication with 
computers, terminals, or other peripheral
devices can be accommodated. 

Contact Outputs 

Contact outputs provide a means of 
signaling the process or experiment that 
some action needs to be taken. Outputs 
can be initiated by alarm conditions or on 
a calculated value Contact outputs may
be intermixed with analog input cards 
providing contact outputs at the data site. 
One contact output card may be used in 
each remote scanner. Two may be placed 
in the mainframe in place of two input
cards. There are ten relays on each card. 
Relays are form C rated at 1A. 26 VDC, 
0.5A, 120 VAC, resistive Open collector 
outputs are also available. 

Analog Output 
Monitored channels may be converted to 
an analog output of 4-20 mA or 0-10V 
under program control Suitable for 
driving chart recorders or analog con. 
trollers Up to forty analog outputs 
are available. 

Magnetic Tape Interface 
Interface to Kennedy 1600 Series 
Incremental Recorder, or Kennedy 9832 
Buffered Continuous Recorder provides 
large volume data storage for future 
computer processing. 

Remote Scanner 
The 1016 Remote Scanner can be used 
when there are more than six input cards 
required. Ten (3-wire) or twenty (2.wire)
channel cards may be intermixed in the
Remote Scanner. One contact output
card may be used in the Remote Scanner 
inplace of an input card. The Remote 
Scanner may be located up to 5,000 feet 
from the datalogger. Up to ten Remote 
Scanners may be used in the system 

Carrying Case 
An environmentally rugged, fibergiass
carrying case is available for the Auto. 
data Ten/4. It provides protection for the 
unit during transit. 

BCD Output 
Four full parallel BCD outputs provide
capability of driving six digit BCD displays 
Four channels are available on each 
card, up to four cards per system 
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Yo6cahp-tod.m th fly'Yo KFubip ~anpraogram he Sonythestly:eoControl commands are used 
c .oritlnual yscanning and output.

pting'dat'a,"and, atthe'same tle,you 'can tjIiedstnct actions.'Some com.modlyj systemprmees mands are used for Program Control------ . 11--rnr 1121 

'stem utilizesae"prompted pro.
gramming'aProachi sAspecific6obruestb4,spre displayed along with 
possible answe prsrnumerical limits, or 
blank spaces. The questions are
arranged using rnor headings, minor 

The Program Control commands are ~ 
used.in conjunction with the Function 
Slect commands as follows: 

Eit- xlt(E).... 
Terrntnates programming of a particularrid'returns thedisplay tonto . .... 

YIN)e : .. 
Proviesan a for.programer "-

and tertiary headings.A s 

, va jor 
nIetmjrhaigSCNO?(Yes/No) 

.Adv Line Ic 
movesprogram from a minor heading to 

,exetsequentiai heading, Cannot be 
ed..move.from.a major heading .. 

$%laEntd 
:Enter'(R'etui 1)' " tV'4.lPlaces operator entry intd memory, 

itaeste-'x 

while thers initiate aspecific action.Following isa brIefdescriptionof each 
cerieCommand Ituses and relationship to,,,,other commands, 

AckNN(A) 
ds nct] r eadigs. .threeiWhen a channel enters an alarm state, a 
,distinctof queries. sharp tone is heard sending an ''A".evels extinguishing the. tone,'Progrim ior ationc entered on a line.is 

basis,and isnot accepted'withoutby liri LogaL):
'co mand All program blanks -eoncilinednthaetnon .Operates in conjunction with the programfille asarticularalidoinormhavtio is entered under the Format function, Ify'oufoied ng s pacs.I hnforma have programmed a log (OUTPUT 

tlio .iaccepted,the nextquery Is SOURCE L upon sending the TenI4 an "L:'heinfrmaionIsdisla~ed.If otthe log is transmitted, Logs are uncondi.
a&~t'e~anerorodeisdislaydtional and interrupt any scan cycle. 

S
ProramConrolStart (G) 

, dipla4 ncton-ad'rlSYSTEM IDLEIt the system Isscanning urs tetoCNTCT The Scan function is used to program theachae selected for display, that four scan typesTypes1,2 and 3 arechannel is 
:i.-':-::: selected for use with a specified scan;i :.?~i!"# -:: : : interval entered Inhours, minutes,and 

Initiates the scan cycle(s) programmedunder the SCAN function. 
,LIMIT

Stop (S) 

alt allsca cyces.DEADBANDHalts all scan....cycl, --

Function One-SCAN 

seconds. C refers to acontinuous scan. 
Each scan may be programmed for dif-ferentgroups of channels or overlappincg 

fgrups
fchannels, 
(N 

Output to Display (-Response)SCANTYPE (1/2/3/C) 

3 or C,RETURN 


-=Yes or No,RETURN . . .U 

-Assign numerical channel idenlify,
RETURN -E/.4..
 

INTAVIL PERIOD (HR.MN SC ond 
-Assign numerical hour, minu secondDIGITAL ADDRESS (NN)= 00255 

rition Tw HANL
Two-CHNNELS 

upi'olpa(Rsoa
'HNES(F.L)'Assign nu e i l ChanIlD,ENTER! 

" -Ye nrical cE i '
 
-0.99 RETURN .
H E?(e/o
-I ES? )(Yes/No 

AVGrm
-Yes orNo,RETURN
 
Alar (Yes/No) 
-Yes or No, RETURN
AVG SCAN COUNT (NNN)

-Assignumber of scans for average

0.999, RETURN
 

SKIP OUTPUT? (Yes/No)
 
or Nt,RETURN
-s or RET 

MESSAGE (NN) 
-00-40, RETURN,
 
LIMIT 14MESSAGE (NN/NN)

-Assign limit (01.99) and message
(00.40), RETURN
 

LIMIT 2/MESSAGE (NN/NN)

-See Limit 1
 
LIMIT 3/MESSAGE (NNINN)
-See Limit 1
 

4/MESSAGE (NN/NN)

-See Limit 1
 

(NN)Assign deadband (0.10), RETURN • 
EU3 r3E/U.38.or.39


ON CHNLS (FFF.LLL)
-Assign numerical channel ID,RETURN 
CNTCT ON LIMITS (1/2/3/4) 

2 3, o 4,RETURN -4.R T N . . .
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IATH EXPRESSION (,....
 
4.'H UNITS, ......
.
 
-ImE,Uass'. "CA. c ,enressical

" h
" :x "" " , 0': " ; ti i' 

~ ~~ 
E/U 47 -

'PULSE INCODE (BD-CHFN)

PULSF V'VAL1.r1 (4NNNNNIN)
N' " ... .
 

" 0Channii, ,a 4c:~r-S)' ri1 lconi~05):., :(n 


".lue nl., '!t ,. s i- or enter 1. 

DIITAL:ADD "" 
, 

=SS (NI4N) 000*255 

entre in:gzhourslmintescan 
R'.fETURN.,- , * ,*

-Yes or No, RETURN 
0n0-25:i 

Elr00~5.I emgz tia ore.
inthe Channel~i~rjl o individual or
sequential giru of channels are pro '>''grammed, The E/CJ number selected 
determinesIth;.age of the channels. 
Channels an beI Igrammedas data
Input location riia hematical expres.
slonst o6asoiaodiuts 

Prompts for.channfel averaging,
 
messages, nd.limits also occur Inthe,

Channell functon 

'
 

.
 .... 
 7 7 

http:E/U.38.or.39
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S 	 Deadband allows you to enter ahystere-J. scale a'ny Iresultt iretraiteg. asg ieaIshus(- ) iu-ssis:value thatmustbe exceede'd Ineither neering'unIts Twenty unique lineardirection prior to an alarm being cleared, c ei 	 (0)seconds (059), month0(1512) lmaybe p a .....and nd. y

This allows youtoavold nuisance alarms 
 used repeatedlyn conjunction with other and recorded In Gregorian forat.caused by minute 	fluctuations around the system prog.amrhang;
limit region. Deadband Is assigned as a Function Six[ii:... ; .. .. k-ner 	 -SUMMARYhnumerical equivalent (1-0)and further 	 rsl/ a-4be prny IsO t1 " :. • Function Four-FORMATogape and 	 "::>1,anesd 	 ia r099.e'Isremiipadefined Inthe Options Functiont Output toDispla y (Resortse)Output toDsly(Rsos)SUMMARY TYPE (F/C/XJA/M/L/D)

OUTPUT SOURCE 1/23cIS 	 -Select one, RETURNEJU 	CONVERSIONSDESC RIPTION -Select one item, RETURNNo. Function 	 CHANNELS (FFF.LLL)LOG CHANE S ( esLL1 SKIP 	 LGCANL FFLL -Channels and alarms require modifier-'
S2 ATRANGE"-Enter FirsiLasi-only IfL Isoutput what channels'

3 50 MV RANGE source 
OUPTDVCS1/2/M/G The Summary function allows the use'4 	 5 M ' -RANGE -Sec N, RETURN5 print a summary of his program, The,65 VRANGE OU=l0t ,MDETDRNo) put device for this Information is s.l-''('6 	 10 R A N E O TPUT MOD (DI JO)in7 T/C J 	 the Format function.-Select any, RETURN 

9 	 TCTSUPPRESS LIMITS? (Yes/No) F -TbeoLgFrml
10 TIC E -YsooRTR C-Channel Programming~ ,

11 T/C ST/CT7 ERAO SPRES IMM ALARMS? (Yes/No)-UEETRDYes or RETURN 	 o12 T/CR M or 	 X: -SLptitsTable. a..MX Fo:rmats;:....-Yes No,No, RETURN-tpslatueassigned of Log,, sp'if . ;,;tospeci.ied'
13. TC 	 SUPPRESS MESSG? (Yes/No) channels'~~~~~~~~~~~~~~~~~~~~~~~~ ""ouur 	 MX + BeL...;, rall . = ".u -Lists 	 i,.,'inevn')TO14 RTD 	 = 0.003926 -Yes or No, RETURN15 RTD 	 = 0.003B5L-Aamiit M-AlarRN Mis
16 RD1 LABEL (Yes/No) D-Deadbands
USCAN 
17 USER ENTERED LINEARIZATION -e rNRTR 

1837 Y= MX + B OUTPUT LABEL (... Function Seven-OPTIONS
*38 CONT OUT, ACK 	 -Assign up to 7 characters as output

39 CONT OUT, NONACK 	 label. Output to Display (-Response)40 CONT IN, ALARMON OPEN
41 	 MESSAGE NO (NN) 01-40CONT. IN,ALARM ON CLOSE When you program the Format function, -Select between 01 and 40,RETURN42 CURRENT 10-50 MA 	 1 
43' CURRENT 4-20 MA 	 you select what output devices are used MESSAGE( ..to record different scans of data, The out. -Assign message-up to 13 chrces44 CURRENT 0-1 	MA put source refers to the scan type (1,2, RETURN E45 CURRENT 1-5 MA 	 3, C) programmed in SCAN L for log andN46 ALGEBRAIC/LOGICAL
47 DIGITAL INPUT, PULSE S for Summary (defined under Maryfunction) Tne channels entered under -Select between 01 and 99, RETURN~ II AU .NNN ~);46 DIGITAL INPUT. 8. L,-7c. 	 , erewill be output when th AIgn pALat m aNRESSEDI49 HI VOLTAGE. 	 150V o heremsand	 -sEt, AC VOte/.GE, 57,.'. '!-. ..ro1ca'.Ees a,LOG command, The51 RESISTANCE. 	 500 c. , .it ci-, tolbe used Ischosen as: signaleas High or Low.i.mit regon, 

5K-Slcbewn010,RTN 


52 RESISTANCE, ANE 	 DEADBAND NO (NN) 01.10 
53 RESISTANCE, 	 50K 1 -Serial Port 1-Slcbewn010,RTN

-Serial Port 2 DEADBAND VALUE (NNNNNN),
f.-1\iag Tale 	 -Assign as decimat fraction, RETURN'unction Three-EU CONVERSION G-CIPt1 .	 SERIAL PORT (112) 2 

-Select I or 2, RETURN 4 
E/utu to Dipa-Response) ;-E, cutput mode for each scan type Is' OATA FRAMES/LINE (NN)

E/fMX +.B(N)=1-7Id \ idually selected allowing all data, all -Assign 00 (continuoujs) to 99, MEUt-Select 18-37, RETURN' alarmns or alarms once to be output. CARRIAGE, RET? (Yes/No)<UNIIS U4 m;n -'diate alarms and messages may be -Yes or No, RETURN :Avsslg 5*characlter uriIETR stTfsed n O/'aN6n '~.~~?(Yio'Y
EJU ofX (NN) 	 eK -Yes 	or No, RETURN-Assign 01-17, RETURN ,. ' 	 Function Five-TIME. ..... END OF LINE CH-AR (NN) .
VALUE OF MI+ NNINNNN) -Enter41ex CodeAssign polarity and value as decimal " Output to Display (-Responise) 	 COMPRESSED FMT (Yes/No)(raction,f RETURN 	 SE IE(RM-C -Yes elimi~nates leading zeros 

SVALUE OF 	 M4-NNNN -Asstgn houri(0-23), minute (0-59), and REMOTE CMD ENABLE (Yes/Na)-eVleoM 	 t-od(&.59),~ RETURN -Yes 	enables remiote CMD; JEMP INC? (Yes/No) SET, DATE (MO.DY YR) 	 6~~-Yes or No, RETURN -AssIgn month (1.12) 'day (1-31), and The Otosfunction Iswhere y'ou assi 
iuwiinio~uON ios~Uyear (0.99), RETURN

,ucinE COV 	 message numbrsto aculmessages.Th hr 	 anlneayhoui~~~a~w limi 	nurperst Values and deadband
S'Junctlon',XYu, p~~orvert U,5 10" it tJ6aa 6QI'CIunsconver degdrees Cto Kelv't9e Ic evpter l fr~t loem recorded at'rtebgln'go 	 ,fuoct~on to soect thefQrmy'pt, Qr seral1scan 	 youa porti, hv~no~ 	 '' ~ po d agnetc recording;, 

tAij $
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Input Specifications
 

The Autodata Ten/4 Input Is designed for Input Options mal thermocouple input board is requiredmaximum versatility.The Aulodata Ten/4 DC Inputs to use the thermocouple capability of thecan handle both AC and DC voltages, DC Acurex Autodata TenI4. Linearizations formillivolts, process current (0-1, 4-20, Four standard DC input ranges are thermocouple types J, K,T.E,R,S,and B10-50,1-5 mllliamps), thermocouples, provided: are Included In every system. These areRTD's, resistances and an assortment of 0 to ± 50 mV with 1 uV resolution selectable as degrees C or degrees F.digital inputs including pulse, BCD and 0 to t 500 mV with 10 pV resolution Thermocouple accuracy for various typesfrequency.. 0 to ± 5 V with .1mV resolution of thermocouples is shown in the table 
AUTOCAL and Auto Zero keep the 0 to t 10 V with .2 mV resolution below. Errors Include the effect of cold 
Autodata Ten/4 accurate. Auto Zero is junction as well as all system measure. 
performed every 10 seconds. This allows 

All ranges above are with high resolution ment errors and linearization errors.at 10 channels per second. For higher

the Autodata Ten/4 Integrating Digital Voltmeter (IDVM) to be fast while maintaining speed scanning, the resolution above isexell erDV o blastability.mTaintnids 5 microvolts, 50 microvolts, .5 millivolts, Instrument Temp. Error Inexcellent zero stability. AUTOCAL provides and 1millivolt. 200 to 300C Degreesre calibratio n to a Natio nal Bureau of Th erm Measure-MeasugeeThermo. o HI Res e 
Standards (NBS) traceable reference Current couple mont 
every 5 minutes. Added to Acurex's proven
reed multiplexer design, this ensures Process current of 0 to 1 milliamp, 4 to Typo Range (0C) °C OF °C OF 
extremely accurate data acquisition. 20 milliamps, 10 to 50 milliamps, and 1 to J -2001o - 100 04 0.7 1.1 1 55 milliamps is easily handled using eitherNoise rejection is an essential part of any the current input module or by adding 25 

- 100to0 03 0.5 0.8 1 1 
measuring system. Noise is defined as an 0to400 04 0.5 08 11ohm shunts to any voltage input card. 
 400 to 760 0.3 0.5 0.8 1.1 
unwanted signal which may mask the The E/U conversions for current convert K -2001o -100 0.5 0.9 1.3 1.9presence of the desired signal if itis not these inputs directly to0t0100% for -100100 0.4 06 1.0 1.3rejected. Acurex's high common-mode 
rejection has been a standard inthe 0tu 400 03 05 09 12reject inhstrbents convenience in scaling into engineering 4001o 1370 04 0 7 1 0 12aor 1tadar in tunits. Scaling may be accomplished T -200to - 100 05 09 1.3 1.8Autodata instruments for 15 years. Cor . either through the use of the MX + B's or -100 too 0.4 06 10 14depending on speed selecion in he A/D through the use of more complex Mini- 01o400 0.3 06 09 1.2deei l theonspeeeltinina iD. MATHPACTM functions. Process current E -200 to -100 0.5 0.8 1.1 1.6 

virtually eliminates noise. may also be converted to analog output -100too 04 06 09 12
 
for control of other functions. Calcula- 0to800 0.3 0.6 0.9 1.3 

;TypIcal Measurement Error lions performed on process current R 0 to 400 1.2 2 1 2.5 45 
o inputs may also be output on the analog 400o 166507 1 317 3.1Common Mode Common Mode output board.0Voltage Rec Ion Nose o tu b ar.S 4001o1064 11 301o400 0.81.1 1.2 2 42.0 4 317 

120 Volts 160 dB 1.2 uV Thermocouples 1064 to 1665 0.7 1.3 16 2 912 Volts 160dB .12pV B 200to600 2.8 5.0 57 103Voll 160dB .01 'V Acurex provides the 7 most common 600to 1100.'vo' ;dB 1.2 2 1, 2 5.4 uV thermocouple linearizations as standard 11001o 1820 0.8 1.2 20 
,70 CB 04 /IV in every Autodata Ten/4. Only the isother
,70 dB 003 p%' 

-
 -_Two-Wire Multiplexers 
. p,,,,
.- ,._Two-wire multiplexers allow the connection ''*._" -*
 

of up to 20 input channels per card to the . ---- ' 

-....-available for thermocouple/volts and volts . .
only. Lower common-mode rejection may.d.... be experienced with high source resistance . -:. 4 

transducers or extremely noisy locations. i -- " Two-wire:rmltiplexerea'liecl.accuracy. Both . ..! ,-voltage and temperature accuracy must 
' _ be adjusted to reflect the larger number 

- 1i.. :' .:i-- : " of channels being measured. The followingderating pacameters should be applied to2-wire measurements. -


2-Wire Input and Mux Common Mode c..............-

Rejection Subtract 20 dB .. . -.
 

Voltage add ±3 pV " ....
 
Current add 
 -.012%

Temperature add ± .5OF 

3-Wire Input and Mux 

4-50



RTD 
Five-wire multiplexers for resistance 
measurements can be made using the 
5-wire mux card. The 5-wire resistance 
measurement makes possible switching
of both the excitation and signal leads 
individually to each RTD, eliminating any
problems with common-mode voltage
interaction between the RTD's. A drivencurrent source isused to excite the 
RTD's, thus problems with settling time 
are eliminated. Acurex 5-wire resistance 
measurem nls eliminate errors Jue to 
resistanc. and temperature coefficient of 
the leads. The switched current source 
makes possible precise temperature 
measurements that might otherwise be 
difficult due to the self-heating of the
RTD. The RTD accuracy specifications 
are shown below. 

Instrument Tmp. Error in: 
200 to 300C Degrees 

RTD Measure- Hi Res Lo Res 
Type meniRange (C) °C °F °C *F 

100 Ohm P1-200 to -100 0.2 0.4 0.9 1.1= 00385 -100 toSOO 03 0.6 10 1.3
00385-0050 03 076 1.3to 10500 to 850 04 0.7 1 1 16 

100 Ohm P1 -200 to - 100 0.2 0.4 0.9 1 1 
= .003926 100 to 500 03 06 10 13 

5001o850 0.4 0.7 1.1 1.6 
10 Ohm Cu -200 to -150 14 25 3 1 52 

' - JResistance 
Resistance itDigital 

The resistance inputs provide true 4-wire 
measurement of resistance. Resistance 
meas,.,,ements are trom 0 to 500, 0 to 
500,', an: Cto 50.000 ohms lull scale. 

Three-Wire Multiplexers 
Tnree-wire multiplexers provide the 

lowest noise connection between the 

Autodala Ten/4 and external signal 

source. The high, low and shield are 

switched together to provide a fully 


'"shielded and guardedpath between 
signal source and the datatogger 
measuring system. Three-wire multi. 
plexers are available with process 
current inputs, DC inputs, thermocouple 
inputs and AC inputs.-

Resolution isone part in 50,000 for high 
resolution, and one part in 10,000 for low 
resolution. Five-wire multiplexing pro-
vides switching excitation, signal and 
guard leads. 

iPlenpt 

F 
-Iages). 

-

- I 
: 

, 

. 

True RMS AC Inputs 

AC ,nputs
hC cTheThe AC input card consists of a 10 channel 

card which measures true RMS AC with a
60 cycle or 50 cycle period. A voltage
divider, provided per channel, allows 
capability of intermixing voltage and cur. 
rent measurements on the same card. 

Inputs
sa!sc 

Digital inputs may be connect--.: to ,e
Autodata Ten/4 in one of three .ays
Contact Inputs, Pulse and BC

. " 
. ,,. .Five-wire4 

. . ,multiplexer 

;" 

1" 

. 

5-Wire Input and Mux 

-51-

Contact Inputs 
The analog inputs may be program
look for an open or closed contact 
respond to that condition. Inthis ca 
contact inputs are intermixed withard analog channels. 

P I
Aspecial pulse input card provides
accumulation, frequency, period. ar 
status for non-contact inputs (i.e., vi 

This card requires one /0 sl(
5-15 channels of input. Versions are 
able with 5-, 10-, and 15-channel inp
Low level pulse inputs are available 
on special order. 

BCD Inputs 

BCD inputs are available in a card It
plugs into one of the I/O slots. There 
four BCD inputs per card. Each BC[ 
input contains six digits, sign, and
 
decimal point.
 

Remote Scanner 
Autodata 1016 Remote Scannerprovides a remote housing for up to 

3-wire channels or 200 2-wire chann 
This remote multipexing in many ca' 
saves money by allowing only one ar 
cable to be cornec::; Ietween t.e 
data Ten/4 Mainframe ano Renote Sci 
up to 5,000 feet a,'ay A control cabl

required to a -',:sF Ihe Sca,,ne 

Five-Wire Multiplexer 
mullipleerS ae _e 

resistance measurement : reqL , 
Both excitation and signal leads i
switched along with the shield. Vo: 
inputs may also be brought inon tI,: 

boardby smp
connecting the ercjta~cvo ard , 



Autoata eI Speications~~~ 
J~ 

i(5.9c wie,2) .7 e ,.9':)d 

8Dn-mdel:~ (23.y7 C9,2 Common-Mode Rejection,~'h'rnde: .2* 2337cm) high, 17.75' 120 cliannels inmainframe using 2-wire7cmuliplqxrs'(60 Rejection of comon mode electrical noisechannels with 3wire) specified with up to 1000 ohms sourceeigh , Multiplexers can be mixed as desired,el unbalance given in Table A,roxirately 56 lbs(21.77 kg), System Capacity WarmUp ie
 
e pio.ShiingwehTo 256 points with optional scanner 
 One hour to full accuracy at cibra
 

idP._ xira l 20ls (9.8 kg). housing te Imperature (250C)
o'war Req ei,'e' ts Measurement Method Overall System' AccuracyOPerateson field selectable 115/230 VAC, Patented V-F converter, true integrating,50 Table A lists overall system measurement- es than 80 watts u'tilizing a standard charge dispenser and accu'racy forvoltage measurements,hbt n..s .....optio bipolar ,counter. Included in the errors indicated are allow.er. Lin Range Zero Stability system errors occurring between the88.101,i05-1320,193-238, or 210-260 VAC. Fully auto-zeroing; no zero calibration voltage input termination on the Input
Temnperat ure. required. 
 module and the digital readout occurringOperating 0 C to + 50*C, Storage Span Stability, on the front panel, This is guaranteedi.20 -C to _+ 65C. Auto.Cal recallbrates the system auto- perform.ance for a timr e period of one!,-,Relati Hum idity matically every iei'5 miutes : Ther~mocouplje Conformitwithout recalibraton.0 Wto 90 non-condensing. Normal-Mode Rejection Term l o normitySydmOprating Altitude Rejection of normal-mode electrical noise than 0 r100,j10O ln'Up-nofeet minimum,
C k . . . 

greater than 70 dB at power line frequency Aic(50/60 Hz and harmonics).C Io c(ed toprovide uninterrupted Totally guarded 10.ooov source periodi.
cally used for automatic calibration ofirIDVMi moehheepingduring power interruption of without operator intervention. Calibration source traceable to NBS. up to six months, 

Clock Output Format 
Cli6k output Is in Gregorian month, day,
hoyfs, minutes, seconds; i.e., 13:33:25 Autodata Ten,4 Input Specifications
JUN'24;:1983.
 
Program Memory HighPerfo DVM
 

I use. entered programming variables Resolution
 
stored 16 battery-protected RAM memory. 
 Ranges
contained in this memory pro. 50nv ± 50mV

-500mV ± 500mvtected fora power outage of up to 5V 5Vsix rnnths. Resolution (counts) 50,000 10,000edta'Boffer Olher Inputs: TIC's JKTRSEB JKTRSEBnternai buffer provided for data storage RTD's 100 ,'P, 100 41 Pt.during scanning. 10 nC ~ 10flC.0 ,0 pti n Ca p a c ityIIO.11 ,insillabl~li~olionsCFM lr M,( D0 &,PL .6 .. :(DC & 5rJ.,-.:, N''.E 

Four slotsofor fieidinstallable I/0 options 
 ed 5-v,are available Inthe mainframe, CMRanDgtCMV4 1 b idEiDiial, Inputs (3Can 5-3 wi t 1Jn 250V0K 3 n *ie250V 10dBODand Pulse input options available, CMV(2.wire) 100V 100V
BCD Issix digits plus sign and decimal Speed (ch/sec) (60Hz) 10 20
I Speed (ch/sec) (50H,) 6 20
 

6 7 'F.;. .Ci: ,±023 VA
100%P., :i+01. t.025% 
120% F., _-i.0 t.026%Resistance' 00/a .S. ± .02W ±t,030%.4ccJracy, .S. .'0%±,~ O?(' :030%'" 

Accray: K= F.:,/c S. Acur.022%
-±2.5'uV (025 Ohms) 

CtE) .Acurex Corp oration, Europe Acurex, Far East, Inc. 
58 rue Pottier Kyodo Building, Suite 47Autodata Division; 78150 Le'Che'snay, 4-2, 2-Chome, Hatchobori 

-'France,85'Cld e. M1 ViewCA 94042 Chuo'Hu, Tokyo 104, JapanPhone; (333) 955 81 43 'Phone: 03-552-1231.14,PI e-x 3P91 ~ 'Telex! 69636413AB< Telex: (71 28719 

-52 -. '-
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BASIC TERMINAL-STANDARD FEATURES
 

General 

Transmission 

Mode: Half. or Full-Duplex, operator

selectable, over full-duplex switched 

network or point-to-point private-line 

facilitie s . 
Techniques: Asynchronous
Speed: 110 or 300 bps 
Code: 8level ASCII 
Parity: even or 8th bit Mark 
Interface: EIA RS232/DC Current (20.60 ma),
TrL (digital), or FSK ;integrated) 103-type data set-
FCC Reg. No. AT793C-70162-DT-E. 


"Answer Back: Optional, 

operator and on-line controllable. 


* Automatic Answer: Manual or auto, with or 

without Answer-Back, operator 

controllable.
 
Diagnostics: Printer self-test capability. 


"Configurations: ASR (Automatic Send-Receive),

KSR (Keyboard Send-Receive),

RO (Receive-Only). 

Printer 
"Print rate: True 30-character-per-second

throughput including carriage return. 
" Print line: 

Tractor feed: 100 char/line at 10 char/inch 
(can be modilied for 132 char/line, 13 char/inch)Pin feed: 132 char/line at 13 char/inch

Friction feed: 80 char/line at 10 char/inch


"Vertical spacing: 6 lines/inch 

Line feed: Single 


"Paper handling:
Tractor feed: 3 to 12 inches wide.

Has vertical "soft roll" feature and fine 

horizontal character positioning of up to 

approximately .200 inches. 

Pin feed- 12 inches wide 

Fr;:ion feed: 8112-inch wide 400-It. roll. 


" Co i es: 
lor Fced: One original and up to three copies

(depending upon papercarbon weight)
Pin Feed: Same as above 

" Printing technique: 7 wide x 9 high dot matrix 
" C,'aracter set: 94 up-low ASCII character set & parity 

e -,r s~mbol. 
" Margins: Left and right set and clear, keyboard and 

oiine selectable 

Printer cont'd 
* Signal bell: Activated before and at right margin

during data entry and on receipt of BEL 
* Alarm: Paper out (tractor and pin feed)

Low paper (friction feed) 
eLast character visibility
L i s a ra t e i ofs y0il 

* Line feeds at rate of 30 Ilneslsec 
* Ribbon cartridge: Three-million characters (nominal) 

-easy replacement
Keyboard 
Keyboard 
* Typewriter.like keyboard generates all 128 ASCiI 

code combinations. 
• Back Space, operator and on-line controllable 
9 Multiple-Key Rollover. 8-character burst buffer. 
* Caps Lock, Repeat, Return, Line reed,

Shift and Control keys. 

Punch and Reader (ASR or TSR) 
• 10 or 30 characters per second 
• 8-level, 1 in. fully perforated oiled paper tape
* Manual and Automatic Punch and Reader Controls 
* Punch Controls: Off, On, Auto Start, Back-space, 

Blank feedout 
e Reader Controls: Off, On, Auto/Start, 

Single Step/Skip, Tape Tight, Tangled, or Out 
eMotor Control with motor start buffer 

* 1000 ft. Paper Tape supply, oiled or non-oiled 
* Chad Box 
Electrical & Physical Facts 

Imput Voltage: 115 VAC @5/60 Hz (ASR, KSR, 
• tV5z 

RO, TSR)
115/230 VAC ±150% a 50/60 (KSR's),
115/240 VAC.10% @ 50/60 (TSR's) 

* Power: 75 watts maximum 
* 	Environmental Requirements: 

Temperature-Operating + 32 to 110 0 F 
Relative Humidity-5% to 95% (non-condensing) 

Dimension & Weights (approx.)
ASR KSR RO TSR 

Height: 10 in. 6 in. 6 in. 10 in. 
Width: -27 in. 20 in. 20 in. 8 in. 
Depth: 28 in. 27 in. 27 in. 28 in. 
Weight: 52 lbs. 32 lbs. 20 lbs. 20 lbs. 

add 2"to height for friction feed printer
add 3" to height for tractor feed printer 
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BUFFERED TERMINAL-STANDARD FEATURES
 

General * Horizontal and vertical tabs: Tab set and clear, 
* Transmission keyboard and on-line selectable 

Mode: Half- or Full-Duplex over point-to-point e Margins: Left and right set and clear, keyboard and
switched-network or private-line facilities on-line selectable 
Technique: Asynchronous * Signal bell: Activated before and at right marginSpeeds: 110, 200, 300, 600, 1200 or 1800 bps during data entry and on receipt of BELCode: 8 level, ASCII e Alarm: Paper out (tractor and pin feed)

"Communicdtions Interface: EIA-RS232C (requires full LoW paper (friction feed)duplex modem) 103, 108, 202T or 212 type data sets 4 Ribbon cartridge: Three-million characters

Current 20/60 ma; requires 403103 EIA to Current (n')minal)- easy replacement

Interface Converter 

"Parity: Odd/Even/Mark/Space Keyboard
* Communication Function Controls: Conversational * Typewriter-like keyboard generates all 128 ASCII or batch code combinations 
"Automatic ariswer: Rezsponds to incoming call while * Back Space, operator and on-line controllableunattended e N-Key Roliover: 8-character burst buffer 
"Answer back: Up to 20 selectable characters e Caps Lock, Repeat, Return, Line Feed, Shift and

(automatic operation optional) Control keys 
"Diagnostics: Self-test capabilities are provided for 

each major component Bufier 

* Buffer size: 16K (16,000) charactersPrinter 
e Send buffer: Dynamically divided into edit buffer, to." Print rate: 47 characters per second provides true be-sent buffer, and already-sent buffer30-character-per-second throughput Including * Receive Buffer: Accepts all data from line, holds until

carriage return printer becomes available 
"Print line: e Six buffer controls: Buffer Enter, String Enter, Insert,Tractor feed: 100 char/line at 10 char/inch (can be Send Ready, Message Clear and Receive Message

modified for 132 char/line, 13 char/inch) Waiting

Pin feed: 132 char/line at 13 char/inch

Friction feed: 80 char/line at 10 char/inch Electrical
 

"Vertical spacing: 6 tines/inch eRequirements: 115VAC at 50/60 Hz: 
" Line feed: Single or double also available with 115/230 VAC, 50/60 Hz power
"Paper handling: supply

Tractor feed: 3 to 12 inches wide. Has vertical "soft e Power consumption: 84 watts maximum 
roll" feature and fine horizontal character 
positioning of up to approximately .200 inches. TEnvironmental requirements:
Pin feed: 12 inches wide Temperature -Operating +32to 110°FFriction feed: 8V2 -inch wide 400-ft roll Relative Humidity - 5% to 95% (non.condensung 

aTop-of-form (form feed): Any form length up to 22 Dimensions & Weights (approx.)inches, keyboard and on-line selectable Pin Friction Tractc:
 
@Copies: 
 Height. 5'. in 7 in 8
Tractor feed: One original and up to three copies Width: 

V2 

20 ; ,".

(depending upon paper/carbon weight) Depth: 1 in. 21 in.
 
Pin feed: Same as above Weight: 31 Ibs. 31 Ibs. 35 Ibs. 

* Printing technique: 7 wide x 9 high dot matrix 
* Character set: 128 ASCII plus parity error symbol 

. 
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BASIC CONFIGURATIONS 

4330 ASR (Automatic Send-Receive) 

AC Power 
Interface Supply Printer Punch & 

50/60 Hz Reader 

Auto/Man'l 
Pin Feed Auto 

Auto/Man'l115V Friction Feed Auto 

EIA.RS232* Tractor Feed Auto/Man'l 
Auto 

or 
DC-20 to 60ma Pin Feed Auto/Mann 

Auto/Mani 
115/230V* Friction Feed Auto 

Tractor Feed Auto/Man'l 
__ I I Auto 

• 	 KSR shipped as 230 VAC unit & 
TSR shipped as 115 VAC unit. 

AC Power cord not included for KSR. 

4320 KSR (Keyboard Send-Receive) 

AC Power 
Supply Interface Printer 

50/60 Hz 

Pin Feed 
TTL-Serial Friction Feed 

Tractor Feed 
103type Pin FeedBuilt-In Modem Friction Feed 

11Buit-I FeedMoTractor 
EIA.RS232* Pin Feed 

or Friction Feed 
DC-20 to 60ma Tractor Feed 

Dual (Line + Aux.) I'm Feed 
each Iriction Feed 

EIA' or DC i r ctor Feed 

Pin Feed 
TTL-Scrial Friction Feed 

1151230V Tractor Feed 
EIA.RS232* Pin Feed 

or Friction Feed 
DC-20 to 60ma Tractor Feed 

tReplace A, E or C at end of catalog number with U, V or G,
respectively, if 410754 will be added to convert TTL to 

"'Dui'tAfDC ,nt~T : .c- ' 

* 	Equipped with standard I.E.C. 3-pin receptacle and has fuse 
insert for European style fuse (5x 20 mm). Shipped with 
USA style fuse and 230 VAC power option. 

AC Power cord not included. 
*Compatible with 103, 108.type data sets 

Catalog 
Number 

4330-2BCA 
4330-2BDA 
4330-2ACA4330-2ADA 

4330-2CCA 
4330-2CDA 

4330-2BCQ 
4330.2ACQ 
4330-2ADQ 

4330.2CCQ
4330-2CDQ 

Catalog 
Number 

4320AAAt" 
4320AAEt 1 - -

4320AB3C t 
4320AAB 
4320AAF 
4320ABB 
4320AAK 
4320AAL 
*320ABE 
4320AA11 
4*320AA,-
43,20A'M 

. . 

-; 

4320ABM 
4320ABS 

4320ACK 
4320ABK 
4320ABP' 
4320ACl 

"14 
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4310 RO (Receive-Only) 

AC Power 
Supply Interface Printer

50/60 Hz 

Pin Feed 
TTLSerial Friction Feed 

Tractor Feed 

115V 
103.type

Bilt-ln Modem 
Pin Feed

Friction Feed 
Tractor F~ed 

EIA.RS232* Pin Feed 
or Friction Feed 

DC.20 to 60ma Tractor Feed 

115/230V TTL-Serial _ 
Pin Feed 

Friction Feed J 
Tractor Feed 

,0 Equipped with standard I.E.C, 3-pin receptacle and has fuse
insert for European style fuse (5x 20 mm). Shipped with 
USA style fuse and 230 VAC power option. 

AC Power cord not included. 
*Compatible with 103, 108.type data sets 

4350 TSR (Tape Send Receive)t 

AC Power
SupplySuppl Interface Punch & CatalognteReader Number50/60 Hzd 

Auwo Man'l 4350AAA 

115 V 

4350AACimited Auto 
EIA .. uc a ' 

115 u Man 4350AAD 

I ." ',.1 "1,:.... AV 

tA TSR plus a 430569 cable permits a dual interface
KSR to be converted to an ASR. 

**Strap selectabh, for 1 15. 22D. 230. 2-10 VAC (,j1t.ratlon. 
Equipped w;th standard I.E.C. 3 -pin ri, ptach i;,d
delachable USA style 3 -pin U-grounid p'ug AC po(,\ r 
cord. Refer to installation manual for 2201230,240 
VAC opt!ons. 

Catalog
Number 

4310AAA 
4310AAE 
4310ABA 

4310AAB
4310AAF 

4310ABB 

4310AAG 
4310AAH 
4310ABC 

4310AAL 
4310AAN 
4310ABD 
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BUFEREP 0OFGAAIN 

A434 BHSR Bffer,sen'd.Receiv 

'~~P~n 44BABFqd 
E ARS232 16K 30A 

C-USTOMER ASSEMBLED.TE AMIN ALS 
~utr~rAssembled . erm nals" 

Fatures &'S '6ct1 

11'13VA'e' I CCESS1Os.E 

ACESSOIE & OPTIONS for'BASIC &~BUFFERED Terminals 

>~ ASR Pedestal 430350 
I~~ncludes AC power distribution panel and large chad
box to replace smaller one supplied with ASR. Adds

~25 into terminal height &24 lbs to weight 

SKSRIRO'Pedestal 430311 

Adds 25 in to terminal height &22 lbs to weight 


Copyholder (Plhn or Frictio'nFeed Printer) 430310kHolds copy above print-out exit'', 
J~"~ds 12 -ir. to term ina Iheig i 

33FK~i~cw,43.~v
61u* adii comes from friction FeedPiil1,oul

printer. Handles up to 450 ft of single-ply paper. Adds2 in tohe).ht 115VAC (a,'-50/60 Hz' 45W (max.)"'*-

'ACI Distrib~tikn 4.. i11i 
-,3P i''des' .I1h~conitolied outlets for USA style 3-pln

uOcbnd r, , fro'p a single 6 ft power cord, Rated12 arn . ' '1 A1 D 

PRNTRCON VERSION 1FROMY TIF TO FF 430903, -Permits the customer to convert tractor teed te'rmins ' tojfrIctIon feed. Applicable to all tractor Ieed terminals"'?,
described Inthis do umet 

L', 

KSR to RO Conversion 
Requires the following parts: 

43KOO1,PaAKt sti430251 Plate-'--
117608 Speed Nut, order 12 

i

-13 to 10 charlin Conversion or

ib to 13 charlin Conlversion
 
Se 098Specification. 

- 4'---' 

3

':U."& 

3~ A3 j 

3 ,~ ' - - "'3~~ ~ ~ ~~ ~ ~ ~ ~ ~3,3 , 
6'4', 

7-4 3 - ,*
3"-~'- ~ [ " , A ~ 3 

.33>->. 3 ''7>~..~-. 3~ ' f' 
4, ~44.>3~3>3 ' L,'>' 

>> ,, '333 4>3>' 
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http:ASSEMBLED.TE


ADDITIONAL ACCESSORIES & OPTIONS for BASIC Terminals 

APL Conversion Kit 430899 

Creates the APL font. Includes two special keytops 

and a set of stick.on labels. May be reprogrammed for
other alternate fonts. 


Top-of-Form Modification Kit 454668

Provides enhancements fort asic tractor feed KPs 

and ROs. 

Enhancements Include Keyboard Programmable 

Options, Electric Top of Form, DC1/DC3 flow control,

New Line on Line Feed, Double Line Feed, HT, VT, 

two separate answerback responses, TWX/DDD

compatible, and nine PF keys. 


Line Shunt Modification Kit 430647

When added to the 410755 Interface Card will shunt 

the current loop signal line If power is lost or removed 

from the teleprinter. Available October 1982. 


Programmable Answer.Back Card 430900 

Operator, on-line & auto-answer controllable. Includes

unprogrammed PROM, available programmed from 

nearest Product Service Center at extra cost. 


RO Conversion from Poinl-to.Point to Multi-Point 

Private-Line terminal 430910
 
Provides selective calling features as described in 

specification 50962S. 


Built-In Modem Circuit Card 430750
 
Adds 103-type modem to TTL KSR and RO terminals.
 

EIA/DC Interface Circuit Card 410755
 
Adds EIA/Current Loop to TTL KSR and RO terminals.
 

Dual EIAIDC Interface Circuit Card 410754
 
Converts 4320AAU, AAV or ABG to
 

430AAH, AAJ or ABH, respectively
 

Interace Cables
 
EIA (Receptacle to Plug)

408065 ( 7 1t) 408067 (25 ft)
 
408066 (12 it) .4080.68 (50 it) 
103 Built-In Modem to Modular Phone Cord
 
430581 ( 7 ft) 430583 (25 ft)
 
430582 (14 ft)
 

TSR to Dual Interface KSR cable 430569
 

AC Power Cord 412394 (7.5 It)

One end has I.E.C. plug with socket contacts which
 
mates with I.E.C. 320-type connector and the other end
has a USA style 3-pin U-ground plug (NEMA 5-15P).
 

Spare Print Ribbons 430484
 
(6 pack of M43 ribbon cartridges)
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DOCUMENTATION
 
TECHNICAL REFERENCES

SD42-401 Model 42 Buffered Teleprinters for Telex and Point.to.PoInt Systems (General Technical Reference)SD43-403 Model 43 ASRIKSR/RO Data Terminals (General Technical Refzrrence)SD43-404 Model 43 BSR Data Terminal (General Technical Reference) 

HOW TO OPERATE MANUALS
 
367 - 43 Teleprinter Basic KSR
 
372 - 43 Teleprinter Basic RO

386  43 Teleprinter Buffered KSR (Full Duplex Batch and Send/Receive)
420 - 42/43 Paper Tape Unit
 
441 - 43 Teleprinter Basic ASR
 

INSTALLATION AND ROUTINE SERVICING MANUALS 
368 - 43 Teleprinter Basic KSR and ASR
 
373 - 43 Teleprinter Basic RO
 
421 - 42143 Paper Tape Unit
 
451 -- 43 Teleprinter Tabletop Buffered Terminals
 

SERVICE MANUALS 
369 - 43 Teleprinter Basic KSR and RO

406 - 43 Teleprinter Buffered KSR Tabletop and Pedestal Based

422 - 42/43 Paper Tape Unit
 

REPAIR MANUALS
385 - Circuit Diagrams for components used in 42/43 and 45.30 CPS Character Printer Terminals and

Associated Units

391 - 43 Teleprinter Basic KSR and RO wA 
 Internal Data Set416 Product Support Manual (Model 42/43 cross reference to documentation and terminal components)
442 - 42/43 Paper Tape Unit
522 - TTL and SSI Logic Cards used in 42/43 and 45.30 CPS Character Printers523 - Power Supplies used in 42/43 and 45-30 CPS Character Printer Terminals
525 -- Keyboards used in 42/43 Basic Terminals
530 - SSI Keyboards used in 42143 Buffered Terminals533 - Parts - Enclosures, Paper Handling and Miscellaneous Accessories used with 42/43 and 45.30 CPS 

Character Printers534 - Interfaces, Controllers and Modification Kit Circuit Cards Associated with 42/43 Terminals (includesAB, SCU, and brief repair of non-pedestal controllers)
539  42/43 and 45-30 CPS Character Printer Mechanisms 

SHOP MANUALS 
478 - Tabletop Buffered Controllers used in 42/43 Terminals535 - Single Card Controllers used in 42/43 Basic Terminals 

REGISTRATION INSTRUCTIONS
407 - 43 Teleprinter Registration Instructions for Sets w/Integrated Terminal Data Unit 

WIRING DIAGRAM PKGS 
494 RO 
499 KSR 
552 BSR 
566 TSR 

CIRCUIT DIAGRAMS 
385 KSR 

r' r TELETYPE CORPORATION 
GENERAL OFFICES: 5555 Touhy Avenue, Skokie, Illinois 60077 Telephone: (312) 982.2000TWX: 910.223.3611 and TELEX: 25.4051 (both have 24 hour automatic answering service) 
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SBROOKS BOKBRROOKS FULL-VIEW* FlowmtersB ROO K STHE MEASURE OF EXCELLENCE 0 RR Models 1110 and 1140 s 

,sit- April, 1982 (Supersedes Issue dated Feb,. '81) 

line and bypass metering applications where operating 1,,
 
conditions are within the limitations of glass metering tubes.
 
A wide range 
 of capacities and options is available. rhese 
packed-glandstresses meters are constructed to withstand thearid vibrations inhereht in Tndustriat piping instal
lations. 

Design Features 
Dowel-pin, side plate construction w 

Detachable or direct-fused flow scales
Precision-bore, plain or ribbed borosilicategas m trn r


tubes glass meteringExternally adjustable packing glands t
Connections rotatable 3600 at 900 intervals p i
Laminated safety glass shieldingcnt 

Ten-to-one rangeability g 

Scale length of 127 mm, 150 mm, and 250 mm
 
Standard floats are interchangeable in tubes of given 
 Model 1110 Model 1140flowmeter size Full-View Flowmeter Full-View Flowrnter
Wide choice of float types and capacity ranges 

MateriaIs of Construction 
FLOAT TYPES
 

METERING TUBES - Borosilicate glass
 

FLOATS-Sizes 2-6 (Spherical): Sapphire,Tantalum,Glass,

Carboloy, 3 16 Stn. Stl.; Sizes 8-13: Standard 
- 316 Stn. StI.
 
Optional - Aluminum, Alloy 20, Teflon, Hastelloy ° Bor
 

°
C, Monel , Nickel, PVC, 18-8 Stainless Steel, Titanium
 
GUIDE RODS & CARTRIDGES-Standard: 316 St;'-- -,

Steel, Optional: Hastelloy B or C 
 TYPE RV - Rib guioer TYPE RS - Rib g.;ded

END FITTINGS - Monel, Hastelloy B or C, PVC, E:as, TYPE GV - Rod gu 7 TYPE 
 G - Rod . .. d316 Stainless Steel, Nickel, Steel, Kynar" Analogous in design to a Analogous in design to a
 
PACKING MATERIAL - Std.: sharp edge orifice, Gives flow nozzle or venturi.
Steel and Brass meters - most immunity to viscos-Neoprene, all others - Teflon; Optional: Teflon or Viton 

Offers the maximum flow 
Ity variations of the fluid capacity in any given 
being metered.SIDE- PLATES - Std.: Aluminum; Optional: 18-8 Stn. Stl. 

sice flo'- -- o% 

GLAND RINGS - Standard: Steel;Optional: 18-8 Stn. StI. non-viscosity coma rngenv 
SAFETY GLASS WINDOWS - Aluminum Frames Other types of floats available for spocia' applications. 

GLAND FOLLOWERS -Standard: Sizes 2-10- Aluminum,
Sizbi-124a.' Ste*I;Opiorna-.:8-8 Stainless tael . ... ..---. . .. 

BOLTS - 18-8 Stainless Steel 'TRADEMARKS
 

Full-View ..... .. Brooks Instrument D ,, E, Electric Co.SIDE PLATE GASKETS - Anchorite 
 Hastelloy ..... ................. Ste: Div , Cabot Corp.
COATINGS (Optional) - Kel-F...........................
PVC coating of external surfaces Kynar. 3M Company. . . . . . . . . . . . . . . . . . . . . . 'Pnnwalt Corp.of end fittings, gland rings, and gland followers and both Monel ....................I nternational Nickel Co.
surfaces of side plates. (Window frames, bolts, and dowel Teflon..................E..
Neoprene................... 1E.OuPor oc N"mours && Co.Co.
DuPo'- de t'lemourspins not coated.) Viton ................ .
 E .1 DuPc/ d, rernours & Co. 

"BROOkS INSTRUMENT DIVISION' EMERSONELECTRIC CO. HATFIELD, PENNSYLVANIA
I=MI=NRS0N 


TELEPHONE: (215) 362-3500 TELEX: 846181 

19440 
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NomnalLegth17i~ ~RATINGSal:.eegtahs'-1d , 'mm 150 mm, and 250 mm 
Typ-Stnad.Engraved, detachable mWetal' plate.T~ 

p oal: Engraved detachable Plasilc scale or &cae'fused& 

-7-Graduations- -C~ice-. f -dirc-redty 
metter or 0 16601'inear with calibration curves, or percentage",'
of~maxjimum flow with factor tag.~-j 
PRESSURE DROP Inqluire alt fac6tory. 

Meter 
Size 

-76-7-

9 

12 

(Ribbed Tubes)' 
MaxuisPrue ..(peiqat 2500F,121cC) 

450w 

175, 

75 

Max. 

D60 

rT 
F 

5 

Industrial Airacy 12% of full scale from 100% t010%of 
cp e c to ISA R.P. 16.1,Spec. 2-S 0

Calibrated Accuracy11% of full scale from 100%tolO% of aSz 

Repatability; 0.5% full scale. 
S10*

CONNECTIONS 
-13 

Model 1110 Model 1114 Model 1140 Mode 144 
Meter Inlet & Inlet & Inlet & Inlet & 
Size Outlet Outlet . Outlet ~Outlet

Horiz,(NPT) Vert. (NPT) Horiz.(FLG.) Vert. (FLG.) 
2-6 1/4" 1/4" 1/2" -1/2'7&8 1/2" 1/2" 1/2" 1/2" 

3/4" 3/4" . ...
10 3/4" i,' ill
12 1-1/2" 1-1/2" 1-1/2" 1-1/2"3" "I2.ating31-1/2" 2" 2For 

(Plain Taper Tubes with RodGuided Floats) 
Meter . Max. Pressure Max. Temp

(psig at 2500F,1210C) - DegreesF 

50 
400 250

12' 300 
-300 

. Pressure ratings are bsed on ajIcpreI ueapplcableat 2500F 
2; Caution: Do not use meters In excess of these pressures. Maxi.

mum fluid temperature should not exceed 250 0 F.
3. Fluid temperatures below 320F will cause frosting of the glassmeterIng tube, Please consult factory for applications bielowth istemperature,.
4. Warnings: 

a,,For safety reasons, glass tubes cannot be supplied for 
caustic services. 

b. For hot water applications, maximum recommended oper.temperature is2000 F. 7,pressure and temperature ratings on all PVC and Kynar or 
nonmetallic meters, consult factory. -

. 

Dimensions (For certified dimension prints, write to factory.) 

Model 1110& 1140 Model 1114 Modell144. 
Nominal Scale Nominal Scale Nominal Scale 

-Length Length LengthMeter 127 MM 250 MM 127 MM 250MM 127 MM 250 MM 
Size 

A B E. A. B E A A A A.. 
2-6* 10,i/8 8-19/32 3.1/2 15-1/ 13-19/32 31/2 9.5!8 14-5/8 14-7/8 19-7/8L::i~~ ~ ~ ~ ~ ~ ~ ~~ ~~A only Al;/;:i~:,: : .. :/: Aonly '; 

7&8 15-3/8 11-1/2 3-1/2 20-3/8 17 17-7/8 227/8
9, 17 12-1/2 4 22 17.1/2 4 12-1/4 17-1/4 17-3/4 22-3/4

10 17.7/8. 12-1/2 4 22-7/8 17-1/2 4 12-1/4I 17-1/4 17-1/2 22-1/2
12 20-1/8 15-1/2 5 25-1/8 20"1/2 5 15-7/8 20-7/8 21-3/8 26-3/8
13,. 21-1/4. 15-1/2 .5261/4 20,1/2 r 15 1/8 20-1/8 '20-5/8 25-5/8 
"Also available in 150 mm scale length. Dimensions dae idemtical to 127 mrnscale length meters..-, 
All dimensions in inches. 

All-
Meters 

: 

D 
2-7/16:: 

31/4 

3-3/4 
4-7/16 
4-7/16.- -

4-7/8 

~ a 

F7.~~ 

AAlI ~ AI 

13 AN A A l B' 

~ 

2~ 

Modl 111 - 1~Model1i114 ,K 

' 

Model 

Sizes 2-6 
-62-

Moa 14iodl144 

Slts2-

A~ -N-2 

Mdl 10 

4- A ~ .a- K- a. ~~,~ ~A 



C pacities ' 

& '' 

ls.-rnp-tantto note h o c it r e 
able,: 'Specific"1informiation'on .speciaI "rangels anrd cpif
icanbeobtained frorn your nearest Brooks techn~Il saes re"P~. ' < 4" _____ 

Division, Hatfield, Penns'yvanial ' 

Tabl~t,.~K'Table .. ',~ 	 2 
150 mm scale, rib guide tub*$, spherical floats 250 mm scale, rib guide tubes, spherical floats 

~Mte' 	 Flow Rabe~Max.
:Motor Water Motor Float Maximum Flow Rate
 

Tube No, Float Material (CC/Mi. 
 Air 	 Size Tube No. Material Water Ai 
.3 49 'Glas 'las

' Glassin. 537 49 cc/m G l .SO cc/m in 366 crcm in 
Sapphire 1.0 .77. cc/m.. Sapphire 10.1 cc/min 5r00 cc/mmMR-2.15-AAA 	 Stainless Steel 2.49 4,'6c/m. .. .. 

I 

490Carolo 45ccllnCArboloy 	 32.2 cc/mln 1200 cc/minCarboloy 5490 245 	 cC/min Tantalum *34 .8 cc/min 1280 ccimin''K" 

. 1.11 96 cc/min 	 Sapphire 26.3 cc/min 1.1 'LPMSapphire '2.15 146 'ce/mi R-2-25-A ,Sin. Sit, 46. 5 cc/min : .0
R~2*5.AA Stainless Steel 4.93 265 cc/min Carbaloy 715c/n',246p .Cably9.33 30cc/min Tantalum 717.0' cc/min ''2.62'LP 

Tantalum 10.4 460 Cc/mn 2G 
Glass .49.0 c. in 2 .0LPM 

Glass 5.75 pc/m 74.5 cc/min~ 2.86 ,LPM370 	 Sapprie
370 cm R- -5B SinSt. 124 -..cc/min.. 4.3 LPM - ... a.pphire .. 10.5.'S: 	 ...... 510 'cc/mmCarbo1 c 6.2R-2 -15 .0 	 Stainless Steel 20.6 820 cc/min Tantalum 186 cc/min' 6.2 'LPM 

Carboloy' 	 33.2 1220 cc/mmnTnau 9 cmn 66LM 
2Tantalum 35.9 1300 CC/min Glass ' 82 CC/Mmn 3..18 LPM 

.. Sapphire 125 cc/m m 4 95 LP M ' 
Glass 	 16.6 0.82 LPM R-2 2?5 -C Sin. Sti. 21?2 cc/min' 1.45 ,LPM
Sapphire ~ 	 26.3 1.03 LPM 	 Carboloy 318a cc/mmn '10.3 LPt.4R-2-15 -A 	 Stainless Steel 1.68 LPM'46.2 Tantalum 342 cc/min ' 10.9 LPM 
Carboloy 70. 2.40 LPMG

4Tantalum 75.9 ' 2.55 LPM 	 Slappir 29? "CC/min ' 1.6 LPM' 

Glass. 
LPM 	 Sin. Sit. 485 'cc/mmn 16.2 LPMlss52.8 2.35 Carboloy '715 cc/min 22.8 'LPMSapphire 	 79 .7 3.05 LpmTatlm 70 c/ ' 24 LPR-2-1 5-0 	 Stainless Steel 133. 4.6 LPM Tnau 6'0 c/i 42LI 

Carbaloy 199. 6.6 LPM 	 Glass 550 cc/min 22.8 LPM
Tantalum 	 212. 7.0' LPM Sapphire 1110 'cc/min 29.010 P 

6 R-6-2... Sin. Sit, 1300 Ce/Mi 42.0 LPM 
R-6 - A Sphr 92 c/i LPM 

4638LMCarboloyGls 	 1860 .cc/min 58.5 LPM 
SAPphlrt 	 12 9. 5.0 LPM Tantalum 1980 cc/min' 62.0 'LPM

54.-C Stainless steel 218. 7.6 LPM Glass 2 	 'cc/mi'n 'LPM275 12.3 ' 

Carboloy 326. 10.4 LPM 	 Sapphire 4? 
l -- 349 
 11.0 LPM, PO-6M.7. Sitn. Si, 676 cc/min 22.8 LPM 

,lsTantalum 108 7 c/mn '33.9 LPM 

Sapphire e297.pGlass 11.2 LPM 643 cmm 26.2 Lpl54.-A StaIsnless steel 493 . 16.4 LPM 7' A-7 M25 .1 Sin. St,' 1400 cc/mmn 46.5 LPMK 
C-Ito: * 726.23.0LPMMonet' 1485, cc/mmn 48.81 LPM, 

4'4SJPPhite '851, 30 LPM
 
R-6 IS$8 !blainlessSteel 1350. , 43 LPM
 

Carooloy' 1950. 60 LPMK
 
' iafst~~lum. ..K' 	 oii., "Al A' r Ifdo 're at 1A.j l~Saljir6'-7 bOP *'. ... . . 

Warning 

maKeue r h l's'tb mee ma be relae wit an' 61mtlamrd)mtr 

esinedfor'opeatin~'7"~gs~ejrln 	 tubis rq u to he a,~mumopeatngpresurs ad~teperturs a spcifid hrei, De t 
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Capacities (Contd) 

Table 3 
250 mm scale, rib guide tubes, standard iloats 

Maximum Flow Rate 

Water AirMater 
 Presure Drop Vise. Immunity Pressure Drop
Size Tube No. Float No. GPM LPM Inches, W.C. Ceiling, Cs., * SCFM SLPM Inches, W.C. 

Glass 0.17 0.643 - 0.93 26.24 7 R-7M.25-1 Stn. Stel 0.37 1.400 - 004 184 46.54 -
Monal 0.39 1.485  1.72 48.80 
8-RV-3 0.55 2.08 2 2.0 2.22 62.87 3
8-RV-8 0.78 2.95 5 3.3 3.22 91.19 6
8-RV-14 1.04 3.94 8 4.6 4.28 121.21 98-RV-31" 1.50 5.68 17 6.0 6.12 173.32 19

R-8M-25-2 8-RS-8 1.00 3.79 6 1.7 4.18 118.38 7 
8.RS.14 1.32 5.0 11 1.8 5.48 155.19 12 
8-RS-31 1.89 7.15 22 2.6 7.76 219.76 25

8 B-LJ-48 3.01 11.39 45 "*" 13.01 368.44 51 
8-RV.3 0.78 2.95 4 2.0 3.17 89.77 4
8-RV-8 1.09 4.13 7 3.7 4.45 126.02 88-RV.14 1.45 5.49 12 5.4 5.88 166.52 148-RV.31" 2.06 7.80 23 7.0 8.32 235.62 20

R-8M-25-4 8-RS-8 1.40 5.30 10 1.8 5.86 165.96 11 
8-RS-14 1.83 6.93 17 1.9 7.56 214.10 198-RS.31• 2.59 9.80 33 3.1 10.66 301.89 37
8.LJ-,48 4.88 18.47 93 ... 20.32 575.46 106 
9-RV-33 1.90 7.19 5 10.0 7.96 225.43 69.3.08 11.66 12 15.0 12.56 355.70 14

R-9-RS.33 - 2.52 -- 9.54 6 -2.3 -10.46 - 296.23 7 
• 4.04 15.29 14 3.4 16.84 476.91 16 

9-LJ-160' 6.88 26.04 31 ... 30.45 862.34 35 
9.RV-33 2.53 9.58 6 11.0 10.45 295.94 79-RV-87' 3.92 14.84 14 17.0 16.25 460.20 16 

R-9M-25-3 9-RS-33 3.24 12.26 7 2.4 13.45 380.90 89-RS-87" 5.12 19.38 17 3.5 21.20 600.38 20 
9-LJ-160" 9.65 36.53 43 .. 44.18 1251.18 49 
10-RV-64 4.54 17.18 8 14.0 18.05 511.18 910-RV-138" 6.42 24.30 17 22.0 26.60 753.31 19 

R-10M-25-1 10-RS-64 5.64 21.35 10 3.0 23.65 669.77 12 
10-RS-138" 8.02 30.36 21 5.0 34.60 979.87 23
 

10 10-LJ-238" 14.91 56.43 52 
 ... 66.00 1869.12 59
 
10-RV-64 6.28 23.77 11 
 15.0 25.76 729.52 13
10-RV-138" 8.84 33.46 23 23.0 36.10 1022.35 26 

R-1OM.25.3 10-RS-64 7.84 29.67 15 3.7 32.15 910.4 17
10.RS.138' 10.93 41.37 29 5.5 45.90 12991.0'. 33 
I0.LJ.238' 23.10 87.43 98 ... 105.70 2993-4: 112 
1243 V-2-21 9.33 35.31 8 28.0 37.81 1070 q?,9 
12-FIV-343' 11.71 44.32 12 35.0 47.12 1334.44 14 

R-12M.25.4 12-RS.221 
 12.46 47.16 9 
 4.0 50.65 1434.41 10
 
12.RS-343" 15.43 58.4Q 
 13 4.3 62.75 1777.08 15
 

12 - 12-LJ-740" 30.00 113.55 31 
 * 123.30 3491.86 36
 
12.F3V.221 17.21 65.14 10 29.0 70.80 2005.06 11 
12-RV 3,13 20.95 79.30 15 
 36.0 86.45 2448.26 17


R-12M.25.5 12.RS-221 22.40 84.78 12 4.2 91.85 2601.19 14 
12.RS.343' 26.90 101.82 18 
 4.5 112.00 3171.84 20
 
12-LJ-740" 67.60 255.83 65 
 . 299.50 8481.84 75 
13-RV.510 19.94 75.47 12 40.0 81.55 2309.50 14 . ........ 
 13-RV-760' 23.79 -190.05 . 143" . - ... 50 ..-. '.,96.00 ,P-2748;72. 20 t., 

R-13M-25-1 13-RS.510 26.89 101.78 
 15 7.3 108.00 3067.06 17
 
13-RS-760" 31.86 120.55 21 
 9.0 131.00 3709.92 24
 

13 13-LJ-1 394 54.60 206.66 46 ,'.. _7....
 
1343V.510 31.78 120.29 17 
 42.0 130.90 3707.09 19
 
13-RV-760' 37.60 142.32 24 
 52.0 155.20 4395.27 27
 

R-13M-25.3 13-RS.510 42.52 160.94 
 23 7.6 176.60 5001.31 26
 
13-RS-760" 49.55 187.55 
 32 9.3 217.70 6165.26 36
 
13-LJ-1394" 98.60 373.20 92 "'" 

These floats are not recommended for gas service unless operating pressure (downstream) exceeds 30 psi.Viscosity immunity ceilings listed are for Stainless Steel floats only and fluid Sp. Gr. 1.0. For other fluid gravities, convert to sizingviscosity and use this value when comparing with values In table.
* These floats are very sensitive to viscosity changes and do not offer any Immunity to viscosity changes.


NOTE: Ah air flows are at 14 .7 psla and 70OF,
 
A 
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RIM 

+
568.RS-8!+++/++;+0.926+ : ;++++; ++:3.48! 4 +: +:++1 76; +++ +:. ,3 4 6
+...


127m guide t6 s v2a.649. 11.5d 

8-RV.1 5,1.37 2,0
' 5.136
1" 8°*RS.31' 2.0 
1 
12.30 8R.71r 16 3.1 9,4 +;262 

9:.RV.33 4B26,. 1, ,117168-S-1413.96 ;224.63 46 15.5 7 
S07 .75 25.55 21. 1.7 28 184.205 2 

Rl*9M* 27-1 9-RS.33 4.98 8 ..18.55 10. ..- 156.31- 2 ...214 20.35 13 
R *. 1 O M 1 2. 0 3 22.85 .41 2517 .4 9 .S . .0 69.V.7 5.55 2.01.1.1.:1010.RS.38 07 2.05 162 5.0 7.0. 3,0. "6519862 :6213.94 82 192 

106.39 7940 80.03 40468 

9, ;160 ' 17.20 .56 5A3.0 :6 7 O: 8 167 15 

1O.FV., 4.28, 16.0 .0 14,.0 17.90. 5.93 8 ,. , 10.RV-138 5.93 22.45 14.0 22.0 2+5.30 1716,50 

0 10,L238 13.65 51.67 36 90 41
. 1639.73 

I0-RV6 .02 2.724 
 933 5 689 03 11I'f
10:RV.1 8 801 30.32 1.
8-V-31 756 3033.45 :..... .. . ....'947.30. ,
7.IM.127-4 1.4 3.77.8 7 872.256 13

:2861 

..RSI3t8 9. 37.642 
 21 1.5 4.63 117896 246 

.LJ.238 22.47 61 6 1.8505 .
 97.
1 . 22V,22,6071132 8 , . I, . 18
.2.RV343 10.74 40.65 12R-12M1271 12RS.221-33 14 35.0 13.8 123.9 14. 8. 4 47.105 26133367 
12RS343, 13.97 52.88 13 4.3 5670 1605.74 15 

...
12..........12LJ-740? -12.RV221 .: ' 6.1 1 62.7 .. 1
12.RV343' 7449 14 36.0 ... .,, 2B2E1,4446,154 - =24,3019.68 ; 91.98 2 .. .... 1. C1.: 317 

R12 .. 27231: 82,63121,83 012-RS1221 837 24.J6 1 
.10\, 9-R-3.1376S 24779.784.501 17003 5 27.2 239.' 19980569734101,80 731 311610. 4.5 r 28829- 19 

-, 2 .L;I+J.740: ! :721! 272,52 '57.. ',. . . • 
: : ....... J+23., 22 .47. 



. +: :'+ 9:+'-
V. 
0 6 1: + ::...+ ,3':+++': 81i! - A 13.RV-510 : 19,28! l .97 '-40 2O'. ' '0,0 78,25: r2216XGh '- :' 14 iiRP13M127"1 13.RS510 26.35 .9973 14. .. 28105 168420

13Rs760 7.30 5.1847 20 90 12410 31 X 909 

ii 3:i: I13.LLJ.1394' 179680 38...+ ++++ :47:46~"i: 
 .. -+ 
 ...... .
,- +13RVS104115.0 3-,406 16 4240 125700 3546.93 18
1 V4- 3.....25... 22.45 140 52.0 -i4420 6140374 

3 13.RS.510-R+ . 20 .741 56132830 6 1.7525 49608 23 
R' 1M ,2 13.7J3.1394 93.8, 11, 30 07. 35503 +,7 3 872.26 1

12. .. ..... 30 91.98 '24 ..... B C-, 31 

http:10.RS.38
http:9:.RV.33


'~250 Mm s-cale, plaint tubr'ttes; rod guided flo tsa'~ 

,>~,~ ~,~'Maximum Flow Rate' 

,Sized}"inhsube No. a,.:>" Float No 

8-GV-12 
8.GV-26 
8-GS-7, 

8 8M.25.3 , 8-GS-1 2 
B-GS*26' 
8rLG-27 
B.LG.28 
S-LG-37 
9.GV.29 
9.G3VJ-75 

.:9.GS-.29 

9 9M.25.2 9-GS-75 

91-G-60 
91-G-88 
9-LG.124 
1.GV-54 
10-GV 19' 
I10-GS-54 

10 1 1OGS.119iM:2512 
10 . . .. 2, , 10LG.191

10.LG.113 
10.LG.164 
S10LG1I94 

i; ,, 12-GV.3157 12;GS'201i 

12 12M.25.3 12-GS-315' 
• . - 112-11G.391 

12-L.G-461 ' 

13.. V 65aaGV-

13-GS-6961Jia~.,o2- 13.LtG-822. ....- -G84 

"GPM lPM " 

M-te;PressureDrop 

nchesW.C,; 

V;;c,Immunity 

Ceiling, Cs' * 
"Pressure 

SCFM SUM 
Drop 

I..nches, W.C" 
.18 
1.56 
2.24 

4.47 
5690 
8.48 

1918220.2 
39 

44,82. 

69 
9.1 

6.40 
9,23. 

,'136.50 :''12"' 
181.25 21 
261.39 45 

A 

1.54,' 
2.06' 

5.83 
7.80 

17,
31 

1.6 
1.9.0 

6.50 184.08
4.5 193 

2.96 
3.84 
5.33 

11.20 
14.53 
20.17 

64 
106 
202 

1.7 12.45 
-

*.

352.58 
-. -

74 

6.40 
2.30 
3.90. 
3.23 

24.22 
8.71 

14.76 
12.23 

. 

293 
8 

23 
13 

10.1 
.13164644.451 

1.8 . , 

-

9.66 

13,53 

.. 

273.571 

383,17 

-

10 
26 
15 

5.22 19.76 34 .1 21.60 611.71 38 
7.02 
8.91 

26.57 
33.72 

52-
81 ..... 

,.' 4 

11.00 
5.O8 
8.52 

41.64 
21.20 
32.25 

121 
22 
38 

o 
13.0 
19.4 

... 
23,52 
35.48 

... 

666.09 
11004.79 

. 

25 
'43' 

' 

7.84 29.67 48 1.7 33.12 937.96 55 
11.71 44.32 81 2.0 49.75 1408.92 ' 93 
16.00 
19.14 

60.56 
72.44 

146 
194 

...- -

25.20 
31.39 

95.38 
118.81 

327 
493 ... 

.... ....... 

14.4316.06- -54.62,L60.79 : 23,23 . : 33.34.0 " 60.25 1706.2866.35; ;1879.03 ' .... 2727. ' 

. 
20.05 

."36.58: 
75.89 

"138.46 
35 
94r 

5.0 82.70 
-

2342.06 
.. 

41;::6: 

r :58.95 223.13: 220 .... , . .. 

.... 3r29.6 :: 112 4112,04 " 440.0
43 48,8 

100.00
122.20 

2832.00
3460,70 

32 
49 

41.506 .C..3... 
157.08243,7261.9 71172. 7.3 .... ..... 177.10 5015,47 . .-.-. 81 ... 

13.LG.1402 11.6. 4, ... 44 ° L3LG.1465 129.50 40.16 551 
.. . Theseefloats not recommended for gas srvlce unlessoperaing Dessure (cownstrearn axceeds 30 pl.;' :i> 

These floats donot provide a 1Ol flow range, Range will be E. or better.These! oat$re very sensitive to viscosity changes ano do not iofli, any immunity to viscosity changes.Viscosity immunity ceilings listed are for StAinlewl tt eel float orly ar,- flulc SP, Gr. 1.0 For other fluid gravities, convert to sizingviscosity and use thsvalue whean comparing with values in tabic,
NOTEi Al air flows are at14 .7 psla and 700 F. 

, 4 
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C Pcites(Cont'd) 

All typles of exiensioni Close-coupled instrume-nt, 

Sin. Sti.' Max. Flow RateFloatL Stnl.Sti." 
Motor Float Max. Flow Rt6iFloa Weight .Water ,AirSize' Tube No. Typ (s) 
Metor Wih aeNI) (GPM) (SCFM ~,Size Tube No. Fioat, Type (gms) (GPM)R 7 M-12!7-1 Not Std. -24- 0.6 (SCFM)

2.S 6R-7 M-127-1 M-1 2 71 Non Sid. V 5.4Not Std. 90 2.0 - 0.30 1.2.0 R,4M127 1 SNon Std.,'7 •... V 'I 12.0 0.45 2.07 ," 
 " 3 ..
R-6M-1 27.1 'VI;I7AV 30 1.5R-8 M.1.71 6.0 7 R-7 M-1 27-1AV 135 3.2 14.5 Non Std. V 13.0 0.45 2.0R-7M'12 7.1 Non StdS 25.0 0.30R-48 27 3.3,%-1 .7-AS 30 2.0 8.3 "
 
R-1M+R'1i4'-1 27 "AV AS 1305 404~* 4 . 22.3 9.5 R-M8 V 33 1.8 7.3M127.1R-8M.12 74 AV V 48 2135 5.0 20.0 R-8 M127 S 1 0 62..9 1..RM.127.4: 'AS : 30 2.8 11.6 8 R-8M-12 7.1 SR'8M.127 4 48 . 19AS 135 5.7 8230.1, R*8M.1 V 0

3 a 2.7 11.0 
.AV ,'10,
RRM-l1274' :4-9'gM-1 27.1 - :28 11.6 V ,3AV ; 1"90 II7:') 18.0 R-8M-127 i 48 3.3 13 5R-" - S 33 2.6 10.6 

R-9:M-1'2:7.?I ' AS '60 3.8 15.0 4a 3.5 14.3R-9M.127.1 AS 190 6.0 25.0R-9M,127,3 AV 60 6.3 
R- M1 27R.1R.- VM 90 . 3.4 14.1 

R'JM127.- 26.0 R-9M,12.I VM -1 AV 190 8.58- 35,09. • 120 3.9 16.2,70-
R.9M'127.3 R-9 M -12?' . ... S 90 3.6 14.9AS .60 8.5 35.0 R-9M-127.1R-9M-127.3 SAS 190 12.0 50.0 9 R9M*127.3 120
0 4.2 1 .4 

-R-10M127-1 AV , R-9M.127.3100 6.0 25.0 V 120 8.0R-M,127.3 33.1 . R-10M,127.1 . AV 270 S 90 7.4 30,69.0 37.3 R-9M-127.3 S 120 8.5 35.?R*I0M127.1 
 AS 100 7.5 31.0
 
*10 R-10M-127.1 AS
RtOM-127.3 
 AV 270100 13.0 54.0 [
810 33.0 ' R.0 M127.1 V
R-10M-127.1 V 163 . 6.9 29R-IOMI27.3 AV 219 8.5
270 13.5 56.0 35
R-10M-1 27-1R-RIOM-127.3 r S 163
AS 100 10.5 45.0 7.2 30


R'IOM-12j.1 S
R-10M-127,3 AS 219 . 37270 18.0 75.0 
 R,10M-127-3 V 163 

-.- 8.7 36


R-IOM,127:3
R'12M-127"-1 AV V 219 10.9 45
285 11.0 45.0
R1'2M,127-1 AV R'IOM,12,3 S 163
453 15.0 60.0 9.8 40
R'IOM-127.3 
 S 219
R-12M-1271 12.2 S0
AS 285
12 R,12 M-127,j AS " 453 14.02 0.0' 60.0$3.0. R-1 2M-1 27,-1 . V ' 330 10. 43
R,12M-127,-3
R-! 2 AV 285R 2M'1127"-3" " . 453 " 22.0 90.0AV 20.0 120.0 R,12M127-1R- : 1 V 560S3 0 13.4 55R.~22 . : .5..R-12M,127-3: AS 2115 30.0 124.0 R-12-R- 7-? 2M ,127-1 5 6"12 M-127-3 AS 'S605 '17.4
453. 38.0 158.0 1 R12M.127.3 7l2V 330 190 79
 

- - - R-12M-127.3 . VR-13M-127,1 AV 505 560 24.5 101
22.0 91.0 
 R-12M-127.3 
 S 330 24.5 101
 
R-13M-1 271 AV 865 
 28.0 116.0
R13M.121.I R-12M.127 


" AS 505 30.0 125.0 . S .560 31.5 130
R'I3M.17/.I A!. 865 . 37.0 15410 R-13M.127.I
R-13M-!27 AV V 850 23.5 97
105 35.0 .150.0
P1.IM.-.I2 R'1 3M.127. Vj 1./ 865 46.0 191.0 1200 27.0 110
R.13M-1?7.1
:1' 850 31.0 -128
A 505 45.0 190.0 13 R-13M-127.1 
S 
5 1200 36.0 148
66 5 1 60.0 250.0 .
R.I M.12 . . V 850 35.5 147
- -:R-1 3M.127.3 
 V 1200 42.0 
 173


R-13M.127-3 
 S , 850 45.A .188
NOTE: All airflows are at14 .7 psla and 70OF. 
. 

'Meters having fioOls t

lowing 

weight exceeds that given inthe fol. Approximate Weightstable require a downstream operating pressure of 30 psg i ..
or more for e .... rht_ perationIn gas serie ,,Model 1110Mete 
-

Model 11400 12 3Meter::_:re , :e 1 Mer x,"" .Ilt " t''".. xih8..
: .Size Only and Packing Oniy and Packing:
Stn, Sil , 3HIoatlIWeigh (gis) 90 '120 190 350 600 6 5lb. 6bs8bs lbs 

7&8 9 lbs,' 12lIbi " 'lis '1 6* ' 10 20 lbs. 25 lbs. 25 lbs 29 lbs.
12 22 lbs. 26 lbs. 31 lbs- 35 lbi.
13 36 lbs, 40 lbs, 

. 
48 lbs. 52 lbs,. 

,: 2-67
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Optional Equipment Ordering Information 
Mountings - Brackets for panel mounting. To order, please specify:

Valves - Available for connection sites 1/4" through 1. Complete flow metering data:

3/4" only. Horizontal stem ',n outlet or inlet and fitting Type of fluid
sizes 2 through 10. 
 Maximum, minimum, normal flows
Flow Controller - Brass or 316 Stainless Steel, integrally Temperature, pressure
piped to sizes 2-6. Viscosity, specific gravityElectrical Alarms - Integral (High Frequency) or Exten- Maximum allowable pressure dropsion Type (Reed Switch) 2. Model number and size of flowmeterMulti-Tube Construction - Sizes 2-6 only 3. Connection arrangement and orientation
Indicating Pneumatic Transmitter 4. Materials of constructionIndicating Electrical Transmitter 5. Scale data and float type required 

6. Options if desired 

Printed in US.A. 
Specifications subject to change without notice. @ Copyright 1982 Brooks Inst. Div., Emerson Electric Co. 

8. 
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PLATINUM RESISTANCE 
TEMPERATURE 
SENSORS 
Medium Temperature Range F TSI31 & RTS-32
 
-200 0 C to +260 0C
 
-320 0 F to +5000F
 

...4,4- /u.,nbet.s /1905- 7lo~i .lli- 

RTS..31 

RTS-32 

GENERAL PURPOSE PROBES 
HEAVY DUTY SENSORS 
LOW -TO MEDIUM TEMPERATURE. RANGE -
STURDY LEAD ANCHOR 
LONG TERM STABILITY 
INTERCHANGEABILITY 
INTERNATIONAL OR REFERENCE GRADE PLATINUM 

-69
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ERTSP310 E U 	lSEAP L i RTS-32'GENERAIL:PURPIOSEADAPTER RTD1 

~Hsavydyty plain probe for general industrialapplicationsiny. 
7fuo'ran r-U with thr*#dadilngfrr ome-rmounitfi-r-i ~to 

:y~ 
......
...... 


PLATINU,, RESIST ANCE 
U:TEMPERATURESENSORS ~2

Thme HyCARTS-31 	and RTS-32plat inum Resistan ceLTemper-
a recordSorprecision and 

-Designed for. remote control'monitoring and' measurement, ofdx- data'n low-medium temperature Lrange, these-rsensorsare 

id
for insalltIon In dlifferent types of applications Including 

' The adapter, added fo~the heavduy,,p1&npoianoo a 
atach larger size leads.or'cablea, .'.uuiA fittigs may j>@used~for mounuing;,OptIonal liidcable shown above.& , ......
 

GENERAL, SPECIFICATION 

Templrature Range: -2006C 
--

t 20C, 
' 

-320 F to,ensing Element: Plitinum P385 000385i / 
Platinum PT-392 0.003920r)n11 /C'rat ,CROO 1*O 0.2a;400"tallLtRisltancetk0.40:,; 1W1,0Probe Body and DiametenSS body tandardidia. of 1/8"

Sbuilding ind plant temperature controi,-energyconsbrvation,3/6anl4.Otedinorr	 in 

y"food processing and textile Industries, automoitiv'eapplications,
machinery temperature control an'd Inlaboratories. LLead 

Thranfr~eeand rugge d construction of the RTS-31!t 

and RTS-32 prvide extremely dependable sensors. The probes 
are necabal and 'are 'available in~.nterniationlo 

b Ie...- e'basi emen IsehwellprovenHy-Cal strainfree platinum,wire wound sensor The fully supported elementhas integral
anchored'leads that are Isolated from mechanical strain, and 
shock or vibration effects. 
With Teflon leads, the probes are designed -to give precision 

to withstand a temperature range of-750C to e50O*C, 

STURDY LEAD ANCHOR 
To prevent breakage, lead wires are welded and anchored withinthe element, A thin outer ceramic tube covers theelement and
lead attachment, adding to the ruggedness of the lead anchorat this joint. Spacers of high purity alumlna are used to separatethe wires, avoiding short circuits. The element assembly is 
placed In astainless steel sheath and the entire probe cavity
packed with Magnesium Oxide to avoid vibration of the leads..-. .

LONG TERM STABILITY 

4 	 op-Stability of-the sensors is obtained by proper selection ofmaterials and a controiled annealing process. Only the mostie a 'uepaiunlna offering mnatched thiermal ex-; 
mpansion are used In the sensors. a bled ne r

' clean room conditions to-avoid contamination After a pro-'prietary refractory cement is used over the fiie platinum to 
prevent thermal strain, the sensor Is annaled for maxi-miom 

stabilit and sensitivity This process Is performed under s: , 

-controlled procedurer. :he key to Hy-Cal's selection aF "Nt:---One" by the cuslome;, Request MTFrpr,-a 

- MTB~~report.
.MOUNTING HARDWARE ---

.............. 	
-
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L L'-1 
Tir rF1 

Minimum length Is2".Wire: 2-, 3-or 4.wire lead configuration, -. 

Lead Cable: 24 gage silver-coated stranded, co
per ith Teflonin*lustlaop, shielded, 

Aablee 
- m u t 5 C

insulionsRsistan ce: 5 Me1ohrms minimus, a 5VDC 
di 1,5 sec
 

-- - 1/16" dia. =3:'0 sec.
 
-
 I i, =50 se 

"POLYSEAL" <- An all-weather seal that provides a moisture
proof redundant seal to the lead exit. Order o for
 
underwater seal, .. 

-SILVER -TIP Asilver or special copper alloy tip Isused to generate a five-times faster response. It Isrecommended to improve.
the response where probes are Installed In wells or In machined::
holes. Not available on 1/8diameter.

- .. .....-
CS 
option offers extra protection in damaging environmentCables are 24 AWG silver coated stranded copper with Teflon' 
over each, tinned copper braid overall and Teflon overall. Whencable leads are notspecfled, Individual leads are 22AWGTeflon
Insulated,-~ .. .
 ....
O FFTHE-SHELF77,; 

Gene sie D probes of 10Dohm, PT-385 platinum are
stocked In standard lengths, These are 1/4" diameter SS sheath
with3 foot 3-wire leads. Order RTS-31-A-100-CL 3-36. Spec-
Ify "L" length in inches for standard lengths of 4", 6", 8' and 12". 
OT R R ODUCTS 

a o 
Hy-Clhbb. medium and high temperature probes in n-extensive variety of configurations Including threaded reducedtip, spring loaded, surface sensors and gas and air probeassemblies.-- --

Line?i-ed P-D' bridge amplifiers and 2-wire current trans .mitt(-, s are avb.iiable to meet avariety of requirements. These arein single channel and multi-channel systemns. Digital
- indlcaltrs tot RTD Input are' available in single or multi-channel.Diler.n.. a. temperature transmitters and indicators -are also 

standt~d 'products,-----.- - - -ressifttnn s, 8 oqF ,N ,tORATIN ORDEeIN 

~ ma~Ied 1e~hourif~n~the pr6&6.~C~n~pres-Sion fittings are available In br s orstainless steel, 1/8",1/4" or 


1/2" NPT.' When Lordered with the probe, the factory-wli add
,.ncs&4rY .PrQbe, Ien9bt,r nownrmodatv "the,,titt lng.,Fprrplematerlal'should be siii N"=eopn (400 Fto +200 F)

mateial houl bespecfiedN" o+20F)Noprne (0~F>Or'7 Teflon C-3000 F to +5000 F)..[ 
'Trademark El1 Dup ont Co.,44

4-44 i 7:+:i+: 


44 44 

Wher,;ordering either the RTS31rheTS3spcf'ac--' 
-numL. . cprtr oefficient, resistance-at '0*,Csheathii diamwcr, immersion iengthlead wire-configuration and length, 
--.and RTS,options, For detailed orgig In~iformalo se7~ ltseet, aet -RTS. Z'1and RTS-32 price list, Phone'ocjr Sales Department~for'furthc ,inicrmation on the complete tem'perature product line,'~ 

{77¢i¢7 7' ,-! 44 
44 1 
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CERTIFICATE of CALIBRATION
 
LI-COR PYRANOMETER SENSOR
 

Model Number: LI-200SB Pyranometer 

Serial Number: PY5418 Date of Calibration- 12/16/83 -By: JL 

Output:* 509 microamps per 1000 watts m2 

Calconnector resistance for SENSOR (in air)..2.88 ohms 
Output:** 10.0 nillivolts per 1000 watts m2 when using millivolt adaptor.

3.15 millivolts per 100 BTU ft2 h' when using millivolt adaptor.
Calconnector resistance for millivolt adaptor 196-5 ohms 

The above sensor is supplied with a calibratedconnector (calconnector)that has resistancevalues unique tothat sensor.For that reason, the calconnector has a serial number that matches the serial number on thesensor. ALWAYS MAKE SURE THAT THE SENSOR IS USED WITH THE CALCONNECTOR THAT
HAS THE SAME SERIAL NUMBER. 
This feature allows the above sensor to be used with any LI-COR LI-185B, LI-188B, and L!-1776 withoutneed for correctionfactors or recalibrationof the readout ii,strument in order to obtain a direct readout.
*When using a sensor with a LI-COR LI-510B or LI-550B Integrator,the selzsor's cal bration constantaslisted here must be used to detennine the relationshipbctv!',: the sensor input and th, c recV:;,dcd 17ythe integrator.See sample calculationsin the LI-510B, LI- 50B manualfor iurthcr ins r:,,"
* Each LI-COR sensor is provided with a millivolt adapter. 7hzcrt i- also a resistance1); ti;,,is sensed wihen the nillivolt adapteris connected to the sensor to allow for direct millivolt output.
IMPORTANT Read the appropriatesensor manual before using this sensor. 
IMPORTANT It is recommended that sensors be recalibratedevery two years. 

tions. As of April 1,1977, calibrated against an Eppley Precision'Spcctral Pyranometer (P1SP) under natural daylight con~ithe calibration traceability of Eppley solar radiation measuring instruments has been changL-d from tht.Intemational Pyrheliometric Scale of 1956 (IPS 1956) to the Absolute Scale (SI). This change, based on the results of IPC IV, is suchthat instruments calibratedJ .. in.. ..SI. units, (traceable to, the.. . World RA
. . .' .. . ... ,.,( . R9 p.e tric e ere rnce, M aelo ' c at q a y e_hig.&".hal, ,Is' I l objmd i pe 

ir ' v .v ic 2. , 
inruments cafraid' pkvroustyand iferenced to' th,"S.Seeinstruction manual for further details on calibration. 

t/-co,, "n~/i.o tr . 
Box 4425 /Lincoln, Nebraska 68504 US4 

Phone (402) 467-3576/ TWX 910-621-8116 

... . . .. .
 



APPENDIX 3 
.Sample Datalogger Output 



KEY TO DATALOGGER OUTPUT
 

CHANNEL # PARAMETER QUANTITY 
 UNITS
 

000/071 T-IN Collector Inlet Temp. OC/OF
 

001/073 T-OUT Collector Outlet Temp. Oc/O F
 

003/075 T-AMB Ambient Temp. 
 Oc/O F
 

010/076 
 WATTS/BTU Solar Insolation W/M2
 

2
 
BTU/HR/FT
 

061/081 
 DT/I 	 Calculated* 
 oC-M2FW
 
°F-HR-FT /BTU
 

066 	 EFF Efficiency**
 

* DT/I -	 (Tinlet - Tamb)/Insolation 

** 	 EFF Instantaenous Efficiency 
Mc1,(Toutlet - Tinlet)/Indolation*Collector Area 

m = 	2.>i I Lers/mrinute (motric units)
 
=.% onsiti'te (,Kng]ish units)
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