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1.0 INTRODUCTION

1.1 Background

The collaborative research and development project in solar thermal
technology between the 5olar 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 Secretéry of the Commission on Additional Sources of Energy, Government
of India (and, now, Secretary, DNES) ari 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
irnovative research on new collector designs at BNL to make solar emergy an
economically viable source and the need for institutional technical support
to & newly created central solar RBD facility in India with a broad mandate
of undertaking work in new product development, performance evaluation and
certification, standards setting, etc. It was felt that a collaborative RuD
program 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 Alternative Energy Resource Development provided the essential
mechanisr under which : joint project between the two Institutions, BNL and

STEC, couid be develoncd,

1.2 Objectives

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

objectives:

(1) 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.



(11) The introduction of STEC personnel to 1nnovative research
concepts 1In solar thermal technology, 1in 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 pro ject.

The project was designed around a thermal performance test of the BNL
collecter 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:

(1) Purchase of instrumentation under the terms of the project for
transfer to SVEC. 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.
(11) Test and calibration of the instrumentation purchased.

(iii) TFabrication of sample BNL-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 colleétor 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



larger complement of the STEC staff in measurement techniques

and procedures,

(vi) Carrying out a preliminary assessment and economic analysis

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

The project was formally initisted in July-August 1983 with the comple-
tion of a PASA between DGE and ATD 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 Gtechnical staff, by the Con-
tracts and Precuvement 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 desi;n, were also fabricated for transfer to the STEC facility in
Indfa. This phise 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 imn January 1984. Several intensive
discussions were held with DNES officials to identify the causes of the
delays and to expedite the project. Several memos were exchanged between
BNL ard DNES to set new schedules for the training visit of STEC staff.
During this trip, the STEC facility located outside of New Delh! in Bunda-
hera, Haryena State, was visited twice. A visual irspectlion was carried out
to evaluate most suitable areas for iastallation of the equipment to be
transferred and to determine the supportiug 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 Nr. S,
XK. Gupta, Senfor Engineer at STEC, to INL. A month-long training progrnam
had been prepared at BNL and Mr. Gupta participated in it intemsively and
enthusiastically. 1In 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,



The next phase of the project involved the visit to STEC by a team of
BNL scientists including Dr. Vinod Mubayi, 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., Mubayli had scveral 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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Introduction of these technologies as they are still maturing in the
development stage offers a unique advantage 1in assessing thelr 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 1in the more advanced technologies
influenced by an emphasis 1in cost-guided research and development. The
Institutional support activity taking place unler this project 1s 1in the
nature of collaboration between similar institutions in the United States and
India. This is 1in 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.

The 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 eight sessions was arranged on the BNL collec-
tor design philosophy, materials specifications and fabrication techniques. A
large amount of library materials on solar technologlies, designs and materials
was made aviilable to Mr. Gupta during the course of his visit. Of course,
the intense -ytivation, enthusiasm and intercst shown by Mr. Gupta were very

impoertot fo tove behind the success o»f his training program.

Tne training was continued during the visit of the BNL staff to STEC.
Sincé most of the STEC were technicians and not professional engineers or
sclewii-ts, this training had to be conducted at a somewhat simpler level,
mustly “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 also done to
ensurc proper 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 instrumentation
facility at STEC occurred over a period of approximately one year. Initial
site investigations at the STEC facility at Haryana, India, were made bty Dr.
Vinod Mubayl prior to a detalled 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 specilal
care had to be taken to account for the extreme environments anticipated.
These 1included 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. 1In 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
1f not maintained regularly. An enclosed room with an air conditioner was the
preferred envirvnrent considered as the best option for extende. reliability.
A powir line conditioner was also specified but because of guaeral avalla

bility and higi weight it was left to be purchased in India by ¢IEC.

3.3 Instrumentation and Calibration

The 1instrumentation 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 engincering data acquisition system 1s 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 1s capable of both high accuracy and high resolution (V =

1 micro volt). For applications such as required 1in most thermal solar
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A complete 1list of all instrumentation items suoplied to STEC along with
the technical equipment specifications obtained from the manufacturers of the

purchased equipment ig shown in Appendix 2.

3.4 Data Logger Installation and Programming

The data logger provided for the STEC fécility is a precision electronic
instrument which will provide multichanrel 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 {n
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 convenlent way to access data in

forms that are more meaningful to the researchers.

For the 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 zre required for the basic performance testing. It is anticipated that
the adotion.l input capability of the data logger will be utilized to expand

existing experiments and to add additional experiments as required.

From the four basic 1input 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 1s very useful 1in analyzing experimental
resulte 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.
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3.5 Establishing the Test Facility at SYEC

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 ad jacent open-air yard where solar collectors,
golar cookers, driere, etc., are installed for testing. Adjacent to the STEC
workshop. shed is an Electronics 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 1s 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 wvisit. This 1included bullding 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 1s 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 1in 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 slmultaneously 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 completed test fixture with the BNL collector; STEC/BNL staff are
shown explaining test procedures to Mr. Dayal, Head of DNES, Figures 6 a&nd 7
show STEC/BNL staff taking readings from the flowmeter attached to the test

fixture,

3.6 Soler Collector Performance and Teatiq&

Solar collector thermal performance is customarily described by a linear
curve which specifies the useful eanergy as a function of the irnput radiation
and the collector operating temperature relative to its surroundings. The
parameter that quantifies the capability of the collector to absorb solar
radiation {s called the effective transmittance-absorptance product (Ta). The
energy absorbed 1is primarily a function of T, the transmittan~e of the
glazing, and a, the absorptance of the absorber plate surface, yielding the

expression:
Qgolar = IT Ac(Ta) (3-1)

where
It = the total incident radiation per unit avea, measured in

the aperture plane of the collector (Btu/hr'ftz(w/mz),

an Ac = the collector aperture area, ftz(mz).

Thermal losces from the solar collector occur in three ways: conduction,
couivection, and radiation. 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

teriperature and the ambient temperature. Thus, the rate of heat loss

Qoss = UL Ac(Tp - Ta), (3-2)

-18-
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wvhere

UL = the overall collector loss coefficient

Btu/h*££2+OF (W/m2+K);
Tp " the average absorber plate temperature, °F(°C);

Ty = the ambient temperature, °F(°C).

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

Qu = Qgolar - Qloss ° (3-3)

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

becomes:

Qu = Ac It (1a) - Up Ag (T, - T,). : (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 QLI
Q = = . (3-5)
Qincident AcIT

By substituting Equation 3-4, the collector efficlency becomes:
n = (ta) - U (T, _ T,)/Ip. (3-6)

Since the absorber plate temperature 1is not usually kﬁown, following
Whillier, a more useful expression for the collector efficiency can be derived
by substituting the fluid inlet temperature Tjy,, for the absorber plate
temperature and by introducing the collector heat removal factor FR to

approximate the reduced collector heat lusses.

~23-


http:Btu/h.ft2.OF

N = FR[(TG) - UL(Tin - Ta)/IT]’ (3-78)

oT
N = Fp(Ta) = Fg Uy, (Ty, = Ta)/I. (3-7b)

In this expression. Fp 1is 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. Fp
depends both on the properties and flow rate of the heat transfer fluid and en

the overall thermal resistance between the absorber plate and the fluid.

Equation (3-7b) shows that 1f the efficiency N 1s plotted against
(Tin"ra)/IT’ a sgtraight line will result with a slope of FpUp, with an
intercept on the ordinate equal to FR( Ta). Since U} 1s 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 efficlency.

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 modified by the ASHRAE Technical Committee on

solar energy and adopted as ASHIAL Standard €3-77.

3.7 Results of the BNL Collector Test

The BNL collector tested at STEC used a conventional tube 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 thernosyphoned
water heating. The 2 m2 panels delivered to STEC weighed about 14 lig or about

30 percent as much as conventional designs.,

Figure 8 shows a schematic Jine 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

=24
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tested earlier for thermal performauce at SERI and the Florida Solar Energy
Center, the more important concern on the part of BNL was to obtain
informaﬁion 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<x0.1°C) 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 multichannel 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 (5) was monitoved with a Brooks flow meter with

the heat transfer rate (Qr) estimated from:
Qr = m(Tout - Tin)
The solar insolation (I) was measured dy a Licor pyranometer connected to

the datalogger, This permits determination of the total input energy (IT)

rielative o the collector gross area (Ac)=

IT = IAC

Instantanious cfficiency was simply derived from:

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 generated “n the test. The Licor pyranometer
output was later calibrated with a stanaard Eppley laboratory pyranometer and
an cverage correction factor of 6.0l percent was applied to the Licor output

over the range of insolation data obtained during the test.

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

instantaneous collector efficiency, Ne, versus AT/I where;

AT = Tynler - Tambient in ©C

1 solar insolation in watts/m2.

i}

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. Oniy 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 ¢f b = -4.54 W/°C - m2 (t = -28.6)

The calculated vaiue of the AT/I intercept was:
(AT/1) intercept = 0.165°C - 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 ultfaiight collector“éeéign
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 ATPLICATION AND ECONOMIC ANALYSIS OF SOLAR THERMAL SYSTEMS

The present market for solar thermal energy techrnologies in India 1is
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 RuD 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 Analysis

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

subsectors, can be divided into the following categories:

(1) Domestic hot water: typical system size and temperatures are

100 liters per day at 60°C.

(11) " Institutional buildings: includes hotels, hospitals/health
centers, school and college dormitofies, 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 60°C,

(1i1) Commercial establishments: laundries, canteens, restaurants,
etc. Systen size and temperatures are in the range of 500 to

2000 liters/day :t temperatures hetween 60°C to 80°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 55°C to
85°C.

A preliminary economic and financial analysis has been performed here for

a domestic solar hot water system. The size and water temperature of the
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solar system has been asiumed to be typical of those being marketed in India
currently. These deliver 100 liters of water per day at a temperature of
60°C. 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 Indie's urban
areas, delivering approximately the same quantity of water daily at the same

temperature.

The analysis has been carried out using a microcomputer sof tware program,
specifically Qeveloped at BNL for econmomic and financial analysis of renewable
energy and energy conservation technologies, The program is interactive, rums
on any DOS-based microcomputer with at least 192 K of RAM, 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 1is input
exogeneously. The analysis reported below assumes climatic conditions and
household use patterns typical of the Delhi area :in India., It {8 assumed, for
example,lthat households utilize domestic hot water for about & months per
vear fror, sayv, November to March. Based on the typical mains cold water

il Lo eretve 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 60°C over this 4-month period, This
corsumptior will be greater if climate or behavior patterns dictate longer

usage over the year than that assumed here.

The current, unsubsidized, average retail price of a 100 liter per day,
6O°C‘501ar hot water sy.tem 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., Iin India. The average
retall price of a "geyser" of the same capacity {s about Rs. 1500 as estimated

from appliance stores in New Delhi. (Current conversion rate is Rs.,12 = $1,00)

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 Rs, 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 Ra. 0.75 per kwh, are known to
be below the ecomomic 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 1is 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:

(1) Scenario I: Unsubgidized Solar, "Shadow™ Price Electricity
This scenario takes the unsubsidized solar hot water
system capital cost and the unsubsidized, "shadow" or economic

price of electricity

(11) Scenario II: Subsidized Solar, Current Price Electricity
This scenario assumes the 507 subsidy for solar systems

and the current (subsidized) prices of electricity.
(111) Scenario III: Unsubsidized Solar, Current Price Electricity

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

Two discount rates, 10 percent and 15 percent, typical of project evalua-
tion in India, have been agpumengqr_a@l.scenarioqfl In each scenario, the
prices of the solar hot water system are assumed to be a parameter varying
between Rs. 8000 (current), Rs. 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

B



Table 1. ASSUMPTIONS IN THE ECONOMIC ANALYSIS OF SOLAR DHW SYSTEM

Item Conventional System Solar DHW System
}_ ______ - —— s 2 e 4 e e e e ot e e e e e e e e e
Capacity 100 100
(liters/day)
Temperature 60 60
(degrees C)
Energy use 707 -
(kwh/year)
Electricity price 0.75 (current) -
(Es./kwh) 1.25 (“shadow")
Capital cost 1500 8000 (current)
(Rs.) 5000 (intermediate)
3000 (advanced)
Economic life 10 10
(years)
Solar subsidy —-- 50

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

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

8000 4.8 8 -1354.4
5000 20.1 5 1635.2
3000 55.3 2 3628,

SCENARIO I1I
8000 14.2 6 459.6
5000 47.4 3 2631.7

SCENARIO III
8000 -5.2 >10 -3526.5
5000 6.3 8 -536.9
3000 29.9 4 1456.1

*"SCENARIO IV : St .

8000 31.4 3 2631.7

5000 83.9 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 narket.

Scenario II, where both solar and electricity are subsidlzed, is the case
operating at present. The current subsidized system is8 seen Lo 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 {ndividual consumer, whose "risk"
premium may be somewhat higher, the IRR decrecases to 3.7 percent and the pay-
back period rises to 9 years. This could be the reason why cuvrent solar hot
water systems, even with a 50 percent subsidy, are not meking 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 III1, where solar is unsubsidized and electricity is subsi-
dized, only the advanced solar system with an IRR of 30 percent and a payback
period of 4 years makes economic sense from the consumer's point of view, 1In
Scenario IV, where solar is subsidized and electricity unsubsidized, the

reverse 1s the case.

4.2 Solar Cooling/Cold Storage Sy::i:--Prelirinary Assessment

There 1s a major electrical load for space cooling/air conditioning
developing in India's urban areas. There is alto a‘'very large requirement for
cold storage to store perishible agricultural comnodities in rural areas where
grid electric supply is either unveliable or unavailable. Glven 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 1is becoming valuc.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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The pressure difference between the high- and low-pressure sides of
LiBr-Hp) systems is small enough that these systems can use a
vapor-lift pump and gravity return from absoiber to geuerator as an
alternative to mechanical pumping to move th: solution from the low
pressure to the high pressure side. Farly absorption machines used
the vapor-11ift 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 + Qg = Q4 + Q¢ + QLosses

The coefficient of performance, COP, is defined as the ratio of
energy into the evaporate, Qp, 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 Qg) are
important. Many LiBr-H90 machines have nearly constant COP as the
generator temperatures vary over the operating range, as long as
they are above a minimum. The COP 1is usually in thec range of 0.6
to 0.8, and the major effect of variation in the solar energy
temperature to the generator is to vary Qg, 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 1s a very small temperature range over which
an unpressurized water storage tank can operate."

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 golar intensity. -Such a system will emphasice
cold-side storage with little or no hot-side Btorage. 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 optimlze overall

efficiency with & 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,
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5. CONCLUSIORS 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 mid-1970's
coupled with the very rapid growth in energy demand created by the increases
in dindustrialization 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 1is 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,
standardizatjon, and promotion of the new technologies. However, state and
local 1level orgaﬁizations will be needed to play active and essential roles
within their areas of responsibility and private sector manufacturers will
require the proper signals and resources to induce them to produce the neceg-

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:

f3) Trainl- . of STEC staff in solar thermsl technology, including

the measurement of thermal performance of solar collectors,

(11} Transfer to STEC of selected accurate instrumentation to

~¢nable them to set up a preliminary testing facility,

(114) Introduction of new research concepts to STEC, including the
B!, high performance, ultralight collector, but also including
“phasis on c0at~goal guided rescarch and quality control and

Liasurement,

(iv) 1Introduction to STEC of new miterials concepts and the crucial
role materials sgcience has to play in solar technology

development.



Future collaborative work between BNL and STEC has been identified in
Joint discussions and is embodied ir the memorandum of January 10, 1985, from
Dr. G. D. Sootha of DHES 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 1s also carrying out R&D activities. Thege areas are as follows:

(1) Systems Engineering and Design

(a) Materials engineering and design

(b) Component engineering and design

(¢) Compact heat exchanger design and development

(d) Hot water systems design including DHW and IPHW systems
incorporating high-performance, low~cost components

(e) Solar cooling syscems design and prototype fabrication
incorporating advanced refrigerant combinations

(f) Concept design and prototype fabrication of low-cost
solar concentrators incorporating new and advanced

materials concepts.

(11) 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.

(ii1) 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.

(1y) Testing and Standardization
(a) fest rig deQelépﬁeﬂﬁ fog testing of solar components and
systems
(b) Computerization of test procedures

(¢) Standardization of testing methods
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(v)

(vi)

(d)

Standards setting for solar components and systems.

Information Syatems

(a)

(b)

Building up library and information infrastructure
STEC

Information retrieval methods.

Equipment and Materials Supply

(a)
(b)
(e)
(d)

Computer hardware and software and peripherals
Calibration equipment
Accelerated materials testing equipment

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.

July 11 a.m.

July 12 a.m. & p.m.

July 13 a.m.

July 16 a.m. & p.m.

July 17 a.m. & p.m.

July 18 a.m.

July 19 a.m. & p.m.

July 20 a.m.

OPTIONAL 3rd WEEK

July 23 a.m. & p.m.

July 24 a.m. & p.m.

July 25 a.

.
BRI [ AU RIS I

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 IIl & 1V
Lab Solar Facilities Visit

Of £

Collector Hardware V & VI
Collector Hardware VII & VIII

Independent Test Project

) YT

Solar Materials Review
Wrap-Up

Off
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BNL STAFF RESPONSIBLE

v.

W.

TR T

Mubayi

Wilhelm

. Hansen

Hansen

Cerniglia

Cernigl

ia

Cerniglia

Mubayi & W. Wilhelm

Cernigl
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Cerniglia

Mubayil & W. Wilhelm

Mubayi

. Mubayi

. Hansen

. Hansen

AT IO

Mubayi

Mubayi
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« Wilhelm & D. Hansen
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APPENDIX 2

Hardware and Equipment Transferred to STEC
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Item No.

10

11

12

13

14

INVENTORY LIST - ITEMS SENT TO 1iT (A FROM BNL

Item
Solar Collector, 3' x 7° x 2-3/4"; Serial No. BNL-001
Solar Collector, 3' x 7' x 2-3/4"; Serial No. BNL-002
Solar Collector, 3' x 7' x 2-3/4"; Serial No. BNL-003
Rotometér

Ribbon Set

Ribbon Set

Printer Paper

Multi-socket line cord

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

Printer Paper

LI-Cor Pyranometer and assorted cables

Platinum Resistance Temperature Sensors

Model 43 Teleprinter

Acurex Model Ten/4 Datascanner

bly-









Optional Features

IEEE-488-1978

Capable of perlorming both talker and
listener functions.

RS-232.-C Communication

Up to two independently contiollable
outpul ports for communication with
computers, terminals, or other peripheral
devices can be accommodated.

Contact Outputs

Contact outputs provide a means ol
signaling the process or experiment that
some aclion needs 1o be taken. Qutputs
can be iniiated by alarm conditions or on
a calculated value. Contac! outpuls may
be intermixed with analog tnput cards
providing contacl oulputs at the dala site.
One contact oulpul 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
outpults are also available.

Analog Output

Monitored channels may be converted to
an analog output of 4-20 mA or 0-10V
under program contro! 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
Butiered 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 inpul cards
required. Ten (3-wire) or lwenty (2-wire)
channel cards may be intermixed in the

Remote Scanner. QOne contact oulput

card may be used in the Remote Scanner
in place of an input card. The Remote
Scanner may be located up to 5,000 feet
from the datalogger. Up 1o ten Remote
Scanners may be used in the system

47—

Carrying Case

An environmentally rugged. fibergiass
carrying case is available for the Auto-
data Ten/4. it provides protection lor the
unit during transit.

BCD OQutput

Four full paralle! BCD oulpuls provide
capability of driving six digit BCD displays
Four channels are available on each
card, up o four cards per system





http:E/U.38.or.39
http:disla~ed.If



http:t-od(&.59
http:VOte/.GE

input Specifications

The Autodata Ten/4 input is designed for
maximum versatility. The Autodata Ten/4
can handle both AC and DC voltages, DC
millivolls, process current (0-1, 4-20,
10-50, 1-5 milliamps), thermocouplss,
RTD's, resistances and an assortment of
digital inpUts including pulse, BCD and
frequency. .

AUTOCAL and Auto Zero keep the
Autodata Ten/4 accurate. Auto Zero is
performed every 10 seconds. This Allows
the Autodata Ten/d Integrating Digital Volt-
meter (IDVM) to be fast while maintaining
excellent zero stability. AUTOCAL provides
recalibration to a National Bureau of
Standards (NBS) traceable reference
every 5 minutes. Added to Acurex’s proven
reed mulliplexer design, this ensures
extremely accurate data acquisition.

Noise rejection is an essential part of any
measuring syslem. Noise is defined as an
unwanted signal which may mask the
presence of the desired signal if it 1s not
rejected. Acurex’s high common-mode
rejection has been a standard in the
Autodata instruments for 15 years. Com-
mon-mode rejection of 160 dB or 170 dB
depending on speed selection in the A/D
converter virtually eliminates noise.

Gyplcal Measurement Error
Common Mode | Common Mode
Voltage Rejection Noise
120 Volts 160 dB 1.2 uVv
12 Volts 160 d8 A2 uv
* Volt 160 dB 01 uv
Vot 170 dB A4 uv
Rl 17008 04 uv
T 170 ¢B 003 py

2-Wire Input and Mux

Input Options
DC Inputs

Four standard DC input ranges are
provided:

0 1o = 50 mV with 1 uV resoiution
0to £ 5C0 mV with 10 uV resolution
0to £ 5V with .1 mV resolution

0to = 10 V with .2 mV resolution

All ranges above are with high resolution

" al 10 channels per second. For higher

speed scanning, the resolution above is
5 microvolts, 50 microvolls, .5 millivolts,
and 1 millivolt.

Current

Process current of 0 to 1 milliamp, 4 to
20 milliamps, 10 to 50 milliamps, and 1 1o
5 miliiamps is easily handied using either
the current input module or by adding 25
ohm shunts to any voltage input card.
The E/U conversions for current convert
these inputs direclly to 0 to 100% for
convenience in scaling inlo engineering
units. Scaling may be accomplished
either through the use of the MX + B's or
through the use of more complex Mini-
MATHPAC™ functions. Process current
may also be converted to analog output
for control of other functions. Calcula-
tions performed on process current
inputs may also be output on the analog
output board.

Thermocouples

Acurex provides the 7 most common
thermocouple linearizations as standard
in every Autodata Ten/4. Only the isother-

Two-Wire Multiplexers

Two-wire multiplexers allow the connection
of up to 20 input channels per card to the
Autodata Ten/d. Two-wite multiplexers are
available for thermocouple/volts and volls
only. Lower common-mode rejection may
be experienced with high source resistance
transducers or extremely noisy locations.

- Two-wiresmultiptexers attect.accuracy: Both

vollage and temperature accuracy must
be adjusted to reflect the larger number
of channels being measured. The following
derating paramelers should be applied to
2-wire measurements,

Common Mode

Rejection Subtract 20 dB
Voltage add 3 uv
Current add +.012%
Temperature add + .5°F

« =50~

mal thermocouple input board is required
10 use the thermocouple capability of the
Acurex Autodata Ten/4, Linearizations for
thermocouple types J, K, T, E, R, S, and B
are included in every system. These are
selectable as degrees C or degrees F.
Thermocouple accuracy for various types
of thermocouples is shown in the table
below. Errors include the eftect of cold
junction as well as all system measure:
ment errors and linearization errors.

(- Instrument Temp. Errar In )
20° to0 30°C Degrees
Thermo- Neasure- Hi Res |Lo Res
couple ment
Type Range (°C) | °C °F [°C °F
J ~2001o0 ~100 04 07 1.1 15
~100100 03 05 0B 11
010400 04 05 08 11
400 to 760 03 05 08 1.1
K -20010 -100 05 09 13 19
- 100100 04 06 10 1.3
01c 400 03 05 09 12
400101370 04 07 10 11?2
T -200t0 -100 05 09 1.3 18
-100100 04 06 10 14
010400 03 06 089 1.2
E -20010 —100 05 0B 1.1 16
- 100100 04 06 09 12
010 800 03 06 08 1.3
800101000 06 11 1.2 17
R 010 400 12 21 25 45
400101665 0.7 1.3 1.7 31
S 010 400 11 20 24 43
400101064 08B 12 17 3&°
1064101665 07 13 16 2a
B 20010600 28 50 57 103
600101100 1.2 21 25 «
2 2 sl
110010 1820 0.8 1.2 20 K
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RTD

Five-wire multiplexars for resistance
measurements can be made using the
S-wire mux card. The 5-wire resistance
measurement makes possible swilching
of both the excitation and signal leads
individually 1o each RTD, eliminaling any
problems with common-mode voltage
interaction between the RTD's. A driven
current source is used to excite the
RTD’s, thus problems with seltling time
are eliminated. Acurex 5-wire resistance
measuren 2nts eliminate errors Jue to
resistancz and temperature coefficient of
the leads. The switched current source
makes possible precise temperature
measurements that might otherwise be
difficult due 1o the sell-heating of the
RTD. The RTD accuracy specifications
are shown below.

( Instrument Temp. Error in )
20° to 30°C Degrees
RTD Measure- i pos Lo Res
ment

TP Range(sC) °C °F °C °F
100 Ohm Pt ~20010 - 100 02 0.4 0.9

= 00385 -10010500 03 06 1.0
50010850 04 07 11

100 Ohm Pt ~20010 100 0.2 0.4 0.9

50010850 04 07 1.4

1
|
1
!
= .003926 10010500 03 06 1.0 1.
1
5

QOOhrnCu -20010 -150 14 25 31

Resistance

The resistance inputs provide true 4-wire
measurement of resistance. Resistance
measurements are trom Q1o 500, 0 to
5007 anz G 1o 50.000 ohms full scale.

Three-Wire Multiplexers

Three-wire multiplexers provide the
lowes! noise connection between the
Autodata Ten/d and external signal
source. The high, low and shield are
swilched logether 1o provide a fully
""shlelded and guarded path between -
signal source and the datalogger
measuring system. Three-wire multi-
plexers are available with process
current inputs, DC inputs, thermocouple
-inputs and AC inputs.- *

Resolution is one 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.

True RMS AC Inputs

AC !nputs

The 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.

Digital Inputs

Digital inpuls may be connect = 1 tre
Autodata Ten/d in one of three .ays
Contac! Inputs, Pulse and BC .

e

e .

5-Wire Input and Mux
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Contact Inputs

The analog inputs may be program
look for an open or closed contact
respond to that condition. In this ca
contact inputs are intermixed with ¢
ard analog channels.

Pulse Inputs

A special pulse inpul card provides
accumuiation, frequency, period. ar
slatus for non-contact inputs (i.e., v
ages). This card requires one /0 sl
5-15 channels of inpul. 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 1/0 slots. There
four BCD inputs per card. Each BCC
input contains six digits, sign, and
decimal point.

Remote Scanner

The Autodata 1016 Remotle Scanner
provides a remote housing for up to

3-wire channels or 200 2-wire chann
This remote multipiexing in many ca:
saves money by allowing only one ar
cable 10 be connecicd hetween (he y
data Ten/d4 Mainframe ang Remote Sc:

~up 1o 5,000 feet avay A controt cab!

alsc required to ag - raese the Scanne!

Five-Wire Multiplexer

Five-wire multiplexers are waed v -
resislance measurement i< requ v
Both excitation and signal leads a-+=
swilched along wilh the shield. Vo 13
inputs may aiso be brought in on 1ne

~*5-wire multiplexer board by simply no

connecting the excitatior eads
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BASIC TERMINAL~STANDARD FEATURES

General

+ Transmission
Mode: Half- or Full-Duplex, operator
seleclablse, over full-duplex switched
network or point-to-poinl private-line
facillties.
Techniques: Asynchronous
Speed: 110 or 300 bps
Code: 8 level ASCI!
Parity: even or 8th bit Mark

» Interface: EIA RS232/DC Current (20-60 ma),
TTL (digital), or FSK (integrated) 103-type data set—
FCC Reg. No. AT793C-70162-DT-E.

o Answer Back: Optional,
operator and on-line controlliable.

" o 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

o Print rate: True 30-characler-per-second
throughput including carriage return.

e Print line:
Tractor feed: 100 char/line at 10 charfinch
(can be moditied for 132 char/line, 13 char/inch)
Pin feed: 132 char/line at 13 charlinch
Friction feed: 80 charl/line at 10 char/inch

» Vertical spacing: 6 linesl/inch

o Line feec: Single

¢ Paper handling:
Tractor teed: 3to 12 inches wide.
Has vertical “'soft roll" feature and fine
horizontal character positioning of up to
approximately .200 inches.
Pir feed: 12 inches wide
Friction teed: 8%-inch wide 400-f1. roll.

e Coyies:
T ttor Feed: One original and up 1o three copies

(depending upon papencarbon weight)

Pin Feed: Same as above

« Printing technique: 7 wide x 9 high dot matrix

» Craracter sel: 94 up-lovs ASCI! characler set & parity
"¢ "or symbol.
» Margins: Left and right set and clear. keyboard and
on-hine selectable

L 254

Printer cont'd

» Signal bell: Aclivated before and at right margin
during data entry and on receipt of BEL

e Alarm: Paper out (tractor and pin feed)
Low paper (friction feed)

e Last character visibility
o Line feeds at rate of 30 lines/sec

* Ribbon cartridge: Three-million characters (nominal)
—easy replacement

. Keyboard

o Typewriter-like keybcard generates all 128 ASCI
code combinations.

» Back Space, operator and on-line controliable
* Multiple-Key Rollover. 8-character burst buffer.
» Caps Lock, Repeat, Return, Line ["eed,
Shift and Control keys.
Punch and Reader (ASR or TSR)
10 or 30 characters per second
e B-level, 1in. lully perforated oiled paper tape
* Manual and Automatic Punch and Reader Controls

» Punch Controls: Off, On, Auto Start, Back-space,
Blank feedout

¢ Reader Controls: Off, On, Auto/Start,
Single Step/Skip, Tape Tight, Tangled, or Out

« Motor Control with motor start buffer
1000 ft. Paper Tape supply, oiled or non-oiled
¢ Chad Box

Electrical & Physical Facts
e Imput Voltage: 115 VAC @50/60 Hz (ASR, KSR,
RO, TSR)

115/230 VAC £15% @ 50/60 (KSR's),
115/240 VAC £10% @ 50/60 (TSR's)

e Power: 75 watts maximum

» Environmental Requirements:
Temperature—Operating +32to 110°F
Relative Humidily —5% to 95% (non-condensing)

Dimension & Weights (approx.)

ASR KSR RO TSR
Height:  10in. 6in. 6in. 10in.
Width: 27 in. 20 in. 20in. 8in.
Depth: 28 in. 27 in. 27 in. 28 in.

Weight: 52 Ibs. 32 1bs. 20 Ibs. 20 Ibs.

add 2" to height for friction feed printer
add 3" to height for tractor feed printer



BUFFERED TERMINAL—STANDARD FEATURES

General

o Transmisslon
Mode: Half- or Full-Duplex over point-to-point
switched-network or private-line facilities
Technique: Asynchronous
Speeds: 110, 200, 300, 600, 1200 or 1800 bps
Code: 8 level, ASCII

» Communications Interface: EIA-RS232C (requires full
duplex modem) 103, 108, 202T or 212 lype data sels
Current 20/60 ma; requires 403103 EIA to Current
Interface Converter

o Parity: Odd/Even/Mark/Space

o Communlcation Function Controls: Conversational
or batch _

o Automatic ariswer: Responds to incoming call while
unattended

¢ Answer back: Up to 20 selectable characters
{automatic operation optional)

o Dlagnostics: Self-test capabilities are provided for
each major component

Printer

o Print rate: 47 characters per second provides true
30-character-per-second throughput Including
carriage return

e Print line:
Tractor feed: 100 char/line at 10 charfinch (can be
modified for 132 charl/line, 13 char/inch)
Pin feed: 132 char/line at 13 char/inch
Friction feed: 80 char/line at 10 char/inch

¢ Verticai spacing: 6 lines/inch

¢ Line teed: Single or double

¢ Paper handling:
Tractor feed: 3 10 12 inches wide. Has vertical “soft
roll" feature and fine horizontal character
positioning of up to approximately .200 inches.
Pin feed: 12 inches wide
Friction feed: 8'2-inch wide 400-ft rol!

e Top-of-form (form feed): Any form length up to 22
inches, keyboard and on-line selectable

« Copies:
Tractor feed: One onginal and up to three copies
{depending upon papericarbon weight)
Pin feed: Same as above

« Printing technique: 7 wide x 9 high dot matrix

e Character set: 128 ASCII plus parity error symbol

» Horlzontal and vertical tabs: Tab sel and clear,
keyboard and on-line selectable

o Margins: Left and right set and clear, keyboard and
on-line selectable

o Signal bell: Activated before and at right margin
during data entry and on receipt of BEL

o Alarm: Paper out (tractor and pin feed)
Low paper (friction feed)

« Ribbon cartrldge: Three:million characters
{nominal)— easy replacement

Keyboard

« Typewriter-like keyboard generates atl 128 ASCI|
ccde combinations

« Back Space, 'operalor and on-line controllable
» N-Key Roliover: 8-character burst buffer

¢ Caps Lock, Repeal, Return, Line Feed, Shift and
Contro! keys

.Bufrer

e Buffer size: 16K (16,000) characters

« Send buffer: Dynamically divided into edit buffer, to-
be-sent buffer, and already-sent butfer

o Recelve Buffer: Accepts all data frorn line, hoids until
printer becomes available

s Six buffer controls: Buffer Enter, String Enter, insert,

Send Ready, Message Clear and Receive Message
Waiting

Electrical
« Requirements: 115VAC at 50/60 Hz:
also available with 115/230 VAC, 50/60 Hz power
supply
¢ Power consumption: 84 watls maximum
e Environmental requirements:
Temperature — Operating + 32 o 110°F
Relative Humidity — 5% to 95% (non-condensing:

Dimenslons & Weights (approx.)

Pin Friction Tractce
Height: 5. n 7Y2 in [P
Width: Lo 20 . Llr
Depth: Zin, 21in. 2iu
Weight: 31 Ibs. 31 ibs. 35 Ibs.



BASIC CONFIGURATIONS

4330 ASR (Automatic Send-Receive)

AC Power
Supply Punch & Catalog
Interface 50/60 Hz Reader Number
Auto/Man | 4330-2BCA
Fin Feed Auto | 4330-2BDA
) Auto/Man | 4330-2ACA
15V | Friction Feed = 41205 AD A
Auto/Man" ! 4330-2CCA
d
EIA-RS232* Trector Feed = io | 4330.2CDA
or
DC-20 to 60ma Auto/Man" | 4330-2BCQ
. Fin Feed Auto | 4330.2BDQ
115/230V ¢ L. Auto/Mann | 4330-2ACQ
/ Friction Feed X 1350.9ADQ
) Auto/Mant | 4330.2CCQ
Tractor Feud Aulo 1330.2CD0
@ 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
) Catalog
Supply Interface Printer
50/60 Hz Number
Pin Feed 4320AAAT |
TTL-Serial Friction Feed 4320AAET
Tractor Feed 4320ABC T
Pin Feed 4320AAB
Buipe Friction Feed | _4320AAF
115V Tractor Feed 4320ABB
EIA.RS232* Pin Feed 4320AAK -1
or Friction Feed 4320AAL
DC-20 to 60ma Tractor Feed 4320ABE
Dual (Line + Aux.) Pin Feed : 4320/\,\1{_
each _Yriction Fecd 4320AA)
ElIA* or DC iractor Feed 1320ABH
Pin Feed 4320ABM
TTL-Serial Friction Feed 4320AR8
. EIA-RS232* Pin Feed 4320ABK €
or Friction Feed 4320ABP
DC.20 to 60ma Tractor Feed 4320ACH

TReplace A, E or C at end of catalog number with U, V or G,

respectively, if 410754 will be ad

) _dod to convert TTL to
T DUA'ETAIDC intérfader s o e o I

R T T -,

@ Equipped with standard 1.E.C. 3.pin receptacle and has fuse
insert for European style fuse (5x 20 mm). Shipped with

USA style fuse und 230 VAC power option.

AC Power cord not included.

*Compatible with 103, 108-type data sets

THIS 15 umiT
e

_5p
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4310 RO (Receive-Only)

AC Power
Supply Interface Printer P?t‘utl:lb?r
50/60 Hz
Pin Feed 4310AAA
TTL-Seria} Friction Feed 4310AAE
Tractor Feed 4310ABA
103-type Pin Feed 4310AAB
. Friction Feed 4310AAF
115V Built-In Modem Tractor Feed |, 4310ABB
EIA-RS232¢ Pin Feed 4310AAG
or Friction Feed 4310AAH
DC-20 to 60ma Tractor Feed 4310ABC
Pin Feed 4310AAL
115/230V ¢ TTL-Serial Friction Feed 4310AAN
Tractor Feed 4310ABD

¢ Equipped with standard LE.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)¥

Ag Power ntert Punch & Catalog
50/%‘())plliyz nterface Reader Number
Auto Mann 4350AAA
115V
Limited Auto 4350AAC
imite |
. I
115; ElA PAdte Mann 4350AAD
i *___‘”_p!_
A\ an
= | 4310 AF
]

A TSK plus a 430569 cable permits a dual interface
KSR to be converted to an ASR.

**Strap selectablc for 115, 220, 230, 249 VAC Cperation.
Equipped with standard 1.E.C. 3-pin recoptache wid
detachable USA style S-pin U.ground nlug AC power

-cord. Refer to installation manual for 220/230/240
VAC options,

-57~
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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 for baslic 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 trom Point-to-Point to Multi-Point
Private-Line terminal 430910

Provides selective calling features as described in
specification 509625,

. =59~

. 408066 (12 f1)

- 430581 ( T 1)

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

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

Dual EIA/DC Interface Circuit Card 410754
Converts 4320AAU, AAV or ABG to
430AAH, AAJ or ABH, respectively

Interace Cables

EIA (Receptacle to Plug)
408065 ( 7 ft) 408067 (25 1)
408068 (50 ft)

103 Bulit-In Modem to Modular Phone Cord
430583 (25 ft)
430582 (14 ft)

TSR to Dual Interface KSR cable 430569

AC Power Cord 412394 (7.5 f1)

One end has I.E.C. plug with socket contacts which
mates with |.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 Butfered Teleprinters for Telex and Point-to-Point Systems (General Technical Reference)
SD43-403 Model 43 ASR/KSR/RO Data Terminals (General Technical Refcrence)
SD43-404 Model 43 BSR Data Terminal (General Technlical Reference)

HOW TO OPERATE MANUALS

367 — 43 Teleprinter Basic KSR
372 ~ 43 Teleprinter Basic RO
386 — 43 Teleprinter Buftered KSR (Full Duplex Baich 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 — 42/43 Paper Tape Unit
451 — . 43 Teleprinter Tabletop Buffered Terminals
SERVICE MANUALS
369 — 43 Teleprinter Basic KSR and RO
406 — 43 Teleprinter Buflered 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 w/r Internal Data Set
416 Product Support Manua' (Model 42/43 cross reference to documentation and terminal components)
442  — 42143 Paper Tape Unit ‘
522 — TTL anc SSI Logic Cards used in 42/43 and 45-30 CPS Character Printers
523 — Power Supplies used in 42/43 and 45-30 CPS Character Printer Terminals
525 -- Keyboards used in 42/43 Basic Terminals '
530 — SSlKeyboards used in 42/43 Butfered Terminals
533 — Parts — Enclosures, Paper Handling and Miscellaneous Accessories used with 42/43 and 45-30 CPS
Character Printers
534 — Interfaces, Controllers and Modification Kit Circuit Cards Associaled with 42/43 Terminals (includes
" AB, SCU, and brief repair of non-pedestal controllers)
839 — 42/43 and 45-30 CPS Character Printer Mechanisms
SHOP MANUALS
478 — Tabletop Buffered Controllers used in 42/43 Terminals
535 — Single Card Controllers used in 42/43 Basic Terminals
REGISTRATION INSTRUCTIONS
407 — 43 Teleprinter Registration Instructions for Sets wlintegrated Terminal Data Unit
WIRING DIAGRAM PKGS
494 RO
499 KSR
552 BSR
566 TSR
CIRCUIT DIAGRAMS
385 KSR
R e i L . ROy SV PRERY O\ MANY b et ba ety ol I MGy e Yy e, e iy LI L CU TN A A Y

, TELETYPE CORPORATION
' GENERAL OFFICES: 5555 Touhy Avenue, Skokie, Illinois 60077 Telephone: (312) 982.-2000
® TWX: 910-223-3611 and TELEX: 25.4051 (both have 24 hour automatic answering service)
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B BRDDKS . DESIGN BROOKS FULL-VIEW® Flowmeters

SPECIFICATIONS Models 1110 and 1140

Ml THE MEASURE OF EXCELLENCE R P ST N ol
ﬁmr e yY-R- ?"7'.25'/ April, 1982iSumrsMes issue dated Feb, '81)
PooEL /174 o 5 G- P7
77/6[#/?‘9'/‘7"420 =) 6057—‘\5-07
Floar # 9 -Rs-33
SERIRC NO. B3OBH 70935
Description
Brooks Full-View Flowmeters are intended for general in-
line and bypass metering applications where operating
conditions are within the limitations of glass metering tubes.
A wide range of capacities and options is available. These
packed-gland meters are constructed to withstand the

stresses and vibrations inhereht in industrial piping instal-
lations. '

Design Features

Dowel-pin, side plate construction

Detachable or direct-fused flow scales

Precision-bare, plain or ribbed borosilicate glass metering
tubes

Externally adjustable packing glands

Connections rotatable 360° at 900 intervals

Laminated safety glass shielding

Ten-to-one rangeability

Scale length of 127 mm, 150 mm, and 250 mm

Stancard floats are interchangeable in tubes of given Model 1110 Model 1140
flowmeter size Full-View Flowmeter Full-View Flowmetar

Wide choice of float types and capacity ranges

Materials of Construction
METERING TUBES — Borosilicate glass

FLOATS—Sizes 2-6 {Spherical): 'Sapphire,TantaIum,Glass,
Carboloy, 316 Stn. Sti.; Sizes 8-13: Standard - 316 Stn. Sti.
Optional - Aluminum, Alloy 20, Teflon®, Hastelloy® B or
C, Monel®, Nickel, PVC, 18-8 Stainless Steel, Titanium

GUIDE RODS & CARTRIDGES —Standard: 316 St ¢

FLOAT TYPES

Steel, Optional: Hastelloy B or C TYPE RV — Rib guiger TYPE RZ - Rib guided
END FITTINGS ~ Manel, Hastelloy B or C, PVC, E-ass, TYPE GV - Rod gu - TYPE G5 - Rod 2used
316 Stainless Steel, Nickel, Steel, Kynar*® Analogous in design to a Analogous in design to ®
PACKING MATERIAL — Std.: Steel and Brass meters otk Ity v vt Now nozils or venturi
- . - most immunity to viscos- ers the maximum flow
Neoprene®, all others - Tetlon; Optional: Teflon or Viton® ::.Y “'5"(50:‘;10' the fluid Cﬂ:;";’"(;Y in any given
g mete . 1Y Wt
SIDE-PLATES —Std.: Aluminum; Optional: 18-8 Stn. Stl. TYPE LJ Flost d for oxionded ity ranges
aty - uso r xi0 ea cipat Y S,
GLAND RINGS — Standard: Steel;Optional: 18-8 Stn. St NoN-viscnsity companszt ng
SAFETY GLASS WINDOWS — Aluminum Frames Other types of floats available for spocia’ applications.
GLAND FOLLOWERS'—Standard: Sizes 2-10- Aluminum,
Siz#9-12-13 - Steel; Optionsl:.-48-8-Stainless Stoel vl .o ov .. R
BOLTS — 18-8 Stainless Steel ‘TRADEMARKS )
Full-View . .. .. Brooks Instrument Div., E~ . r:9- Electric Co.
SIDE PLATE GASKETS — Anchorite Hastetloy ... .......... .. . Steiee Div 5hCAatC)o( Corp.
Kel-F ... L ompany
COATINGS (Optional) — PVC coating of external surfaces Ksnar ,,,,,,,,,,,,,,,,,,,,,,, Pennwalt Corp.
of end fittings, gland rings, and gland followers and both x::cller;e ---------------- E-I-bul‘?;.f"‘"g;'gii";‘l;f:‘g" gg
surfaces of side plates. (Window frames, bolts, and dowe! Te”gn U B DuPor of Nemours & Go.
pins not coated.) Viton ..., E.l. DuPu: d° hemours & Co.
] " " "BROOKS INSTRUMENT DIViSION' EMERSON-ELECTRIC CO.- HATFIELD, PENNSYLVANIA 19440

IZMIZR50ON, TELEPHONE: (215) 3623500 TELEX: 846181
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Capacities (Cont'd)

Table 3

250 mm scale, rib guide tubes, standard ilosts

Maximum Flow Rate

' gl

Water Air .
Mater Pretsure Drop Vise, Immunity Pressure Drop
Size Tube No. Float No. GPM LPM Inches, W.C. Calling, Cs.** SCFM SLPM Inches, W.C.
Glass 017 0843 — ese 0.93 26.24 —
7 R-7M-.25-1 Stn, Steel 037 1.400 — v 164 46.54 —_
Mone! 0.39 1A86 “oee eee 1.72 48.80 —
B-AV.3 055 2.08 2 2.0 2.22 62.87 3
B-AV-8 0.78 295 5 3.3 3.22 91,39 6
8-RV-14 1.04 394 8 46 4,28 1212 9
8-Rv-31° 1.60 5.68 17 6.0 68.12 173.32 19
R-8M-25.2 8-RS8 1.00 3.79 6 1.7 4.18 118.38 7
8-RS-14 1.32 5.00 1 1.8 5.48 165.19 12
8-RS-31° 1.89 7.15 22 28 7.76 219.76 25
8 8-1.J48* 3.01 11.39 45 see 13.01 368.44 51
8-RV.3 0.78 295 4 2.0 3.17 89.77 4
8-RVS8 1.09 413 7 3.7 445 - 126.02 8
B-RV-14 1.45 549 12 5.4 5.88 166.52 14
B8-RV.31* - 2.06 780 23 7.0 8.32 235.62 28
R-8M-254 8-RS-8 1.40 5.30 10 18 5.86 165.96 1
B8-RS-14 1.83 6.93 17 1.9 7.56 21410 19
B-RS-31° 2.59 9.80 33 3.1 10.66 301.89 37
8-LJ48 4.88 18.47 93 see 20.32 575.46 106
9-RV-33 1.80 7.19 5 10.0 7.96 22543 6
9-RY.87° 308 | 1166 12 15.0 12.56 | 355.70 14
W~. 252 4954~ 6—JL 23— | 1046—}— 206.23 |—— 7
R587°* 404 15.29 14 34 16.84 476.91 16
g 9-LJ-160° 6.88 26.04 31 ree 3045 862.34 35
9-RV-33 253 9.58 6 11.0 10.45 295.94 7
9-RV87°* 3.92 14.84 14 17.0 16.25 460.20 16
R-9M.25.3 9-RS-33 3.24 12.26 7 24 13.45 380.90 8
9-RS-87° 512 19.38 17 35 21.20 600.38 20
9-LJ-160° 9.65 36.53 43 b 4418 1251.18 49
10-RV-64 4.54 17.18 8 14,0 18.05 611.18 9
10-RVv-138°* 6.42 24 .30 17 22.0 26.60 753.31 19
R-10M.251 10-RS64 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 s 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-10M-.25-3 10-RS-64 7.84 2967 15 3.7 32.15 9104¢% 17
10.RS-136" 10.93 4137 29 55 45,90 129365 33
10-LJ.238" 2310 87.43 98 e 105.70 29903 47 112
12-Rv.270 9.33 35.31 8 28.0 37.81 1070 ° 4 3]
12-RVv.343" 1N 44 32 12 35.0 4712 1334 .44 14
R-12M.254 12.R8-221 12.46 4716 9 40 50.65 1434 41 10
12-RS.343" 1543 58.4Q 13 43 62.75 1777.08 15
12-LJ.740" 30.00 113.55 31 b 123.30 3491 .86 36
12 12.8Vv.22 12.21 65.14 10 29.0 70.80 2005.06 1"
12-RVv-343 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 10182 18 4.5 112.00 3171.84 20
12-LJ-740° 67.60 255.83 65 bl 299.50 8481.84 75
J 13-RV.510 19.94 7547 12 40.0 81.55 2309.50 14
R 19RVGT600 | 2379 19066 [ A8 tri vt bt 500 s 96,00 462718172 oo 1i120 -1,
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 ral 9.0 131.00 3709.92 24
13-LJ-1394° 54 .60 |.206.66 46 0 - - -
13 13-RV.510 31.78 120.29 17 42.0 130.90 3707.09 19
13-RV-760° 3760 142.32 24 52.0 155.20 4395.27 27
R-13M.25.3 13-RS-510 4252 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
13-1.J-1394° 98.60 373.20 92 e . - deen

* These fioats are not recommended for gas service unless operating pressure (downstream) exceeds 30 psl.

** Viscosity Immunity cellings listed are for Stainiess Steel fioats only and fluid Sp. Gr. 1.0,

viscosity and use this vatue when comparing with vajlues in table,

NOTE: AH alr flows are at 14,7 psla and 70°F,

64

These floats are very sensitive to viscosity changes and do not offer any Immunity to viscoslty changes,

For other fiuld gravitles, convert to slzing
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Optional Equipment

Mountings — Brackets for panel mountirg.

Valves — Available for connection sites 1/4* through
3/4” only. Horizontal stem 'n outlet or inlet and fitting
sizes 2 through 10,

Flow Controller — Brass or 316 Stainless Steel, integrally
piped to sizes 2-6.

Electrical Alarms — Integral (High Frequency) or Exten-
sion Type {Reed Switch)

Multi-Tube Construction — Sizes 2-6 only

Indicating Pneumatic Transmitter

Indicating Electrical Transmitter

Ordering Information

To order, please specify:
1. Complete flow metering data:
Type of fluid
Maximum, minimum, normal flows
Temperature, pressure
Viscosity, specific gravity
Meximum allowable pressure drop
2. Model number and size of flowmeter
3. Connection arrangement and orientation
4. Materials of construction
5. Scale data and fioat type requnred
6. Options if desared

Printed in US.A.

Specifications subject to change without notice, © Copyright 1982 Brooks Inst. Div., Emerson Electric Co.
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' PLATINUM RESISTANCE
TEMPERATURE

MedlumTeperaturRag T
—200°C to +260°C
—-320°F to +500°F

frrr pE »Q?’S “3R-/-rO0O0~A~8-¥C 3
feict et L0 prseredl ¢ rco

Serihc Numbeas 1//905 Theowugl 111910 e 7T

//

GENERAL PURPOSE PROBES
HEAVY DUTY SENSORS
- LOW-FO MEDIUM TEMPERATURE RANGE: -
STURDY LEAD ANCHOR
~ LONG TERM-STABILITY
INTERCHANGEABILITY
INTERNATIONAL OR REFERENCE GRADE PLATINUM
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CERTIFICATE of CALIBRATION
LI-COR PYRANOMETER SENSOR

Model Number: LI-200SB Pyranometer

Serial Number.____PYS5418 - - - Date of Calibration._ 12/16/83 ‘By: _JL
Output:* _50.9 __ microamps per 1000 watts m
Calconnector resistance for SENSOR (in air) 2818 ohms

Output:**10.0_millivolts per 1000 watts m? when using millivolt adaptor.
3.15_millivolts per 10U BTU ft* h" when using millivolt adaptor.
Calconnector resistance for millivolt adaptor 196.5  ohms

The above sensor is supplied with a calibrated connector (calconnector) that has resistance values unique to

that sensor. For that reason, the calconnector has a serial number that matches the serial number on the
sensor. 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 L1-1776 without
need for correction factors or recalibration of the readout ivstrument in order to obtain a direct readout,

*When using a sensor with a LI-COR LI-510B or LI-5508 Integrator, the sensor's calibration constant as
listed here must be used to determine the relationship betweor the sensor inpit and the cownies recorded by
the integrator. See sample calculations in the LI-510B, LI-730B manual for jurther insiriictions.

" "Each LI-COR sensor is provided with a millivolt adapter. There is alsoa resistance i ey i
is sensed when the millivolt adapter is connected to the sensor to allow for direct millivolt output.
IMPORTANT: Read the appropriate sensor manual before using this sensor.

IMPORTANT: It is recommended that sensors be recalibrated cuery two years.

International Pyrheliometric Scale of 1956 (IPS 1956) to the Absolute Scale (SD). This change, based on the results of IPC 1V, is such

Mhatinstruments calibrated in §] units (traceable to the World Radiometric eference, WRR).yield irradiance values ywhich are 2.1%

"~ “highér'than valies hieh \'«‘/'c')'uia"ﬁ'é"obﬂiﬁtid'ﬂéiﬁg'EppTe’y"iﬁélrﬁr'?fc‘n'tgzc'aliﬁrﬁl‘éd previously and réferenced to IPS.See thy
instruction manual for further details on calibration.

e ¥ B T EC T T N A S T R NS e i et T syt ey et s

LI-COR, inc. /L1-COR, L.

Box 4425 /Lincoln, Nebraska 68504 USA
Phone (402) 467-3576 / TWX 910-621-8116




APPENDIX 3
- Sample Datalogger Output
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KEY TO DATALOGGER OUTPUT
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Calculated*
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= Hcp(Toutlet =~ Tinlet)/Indolation*Collector Area

[

I Yiters/minute (metric units)

0.5 callons/minute (Inglish units)
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