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DATA ACQUISITION AND MONITORING SYSTEH FOR

LOS ALAMOS NATIONAL SECURITY AND RESOURCES STUDY CENTER

by

Michael A. Trump
Los ALamos Scier,tific L~bori~tory

P. O. BOX 1663
Los Alamos, New Mexico 87545

ABSTRACT

The National Security and Resources Study Center, a modern, three
level building containing 5574 m2 of temperature controlled space and

an inteCral solar cnersy heating and mol.in!; systcm is in opt:r;ltio[~;L[-
LOG Alamos, New Mexico. This report describes the instrumentation
system used to measure the energy production (solar energy system) and

consumption (HVAC system) in all the bui.iling opcrat:Lng modes. Included
are descriptions of the sensors (temperatllre, mass flow, power, etc.)
and the datz acquisition system.

I. INTRODUCTION

‘l’he.National Security and Resources Study Center (NsRSC), located
at Los Alamos, New Mexico, has been heavily instrumented as part of a
research program into the use of solar enerpy for the heating and cool-
ing of large commercial and public buildings. l’hcStudy Center is a
three level building containing approximately 5574 m2 of temperature
controlled space. The solar energy system, designed to supply up to
96 percent of the building’s heat and 76 percent of its cooling re-
quirements, is an integral part of the building. Other energy saving
features include extensive usc of insulation, heat recovery from tile
ventilation exhaust, and the use of both evaporative and mt!chiirlical
cooling. The energy storage system is deslgncd so that it may he split
between hot, pressurized water and chilled, low pressure wnt.cr during
the cooling season.

For the purpose of instrumentation, the Study Ceritcr may be con-
sidered as three interconnected systems. These are the solar cncr~y
system, the heating, ventilating, and aLr conditioning (HVAC) systcm,
and the control system. In the followin~; sections of tillsreport, the
instrumentation of each will be desrribed In detail.

11. INSTRUMENTATION

A. Solar Energy System.—

Figure 1 is tlw simpl.lfied nucllanicnl schcmiitlc of the system.

Instrument locations are marked by type (i.e., ~-cmp,~low, -Power, etc.).

This instrumentation is the minimum rcqul.r(xlto y~cld eni!r}~ybalances
for the basic system components. Thus thu cnc+rdy inl)utfrom tllcGwlar

collector to the primary Ilciltexchnn~er, Hl, is dctcrm[ned by L(?mpcrntllrc
measurements at its inlut nncloutl.et, nnd a mass flow nmasurem~:nt Ln

the collector coolant loop. The other systcm coml)c cnt’s are .lnstrtlmcl~tt~d

in a similar mnnncro

With the exception of the solar collector manifold tcnlpcrat~lrcs,

all temperature mecuurements are male with 100 ohm platinlmt resistance

. . .



probes (RTDs). With the RTD probes in LASL designed bricl~c completion

networks, temperatures arc read with a resolution of 0.025°C to an
accuracy of 0.12°C. The collector manifold temperatures are measured

with copper-constantan (Type T) thermocoupl.c probes referenced to
65.5“c. Resolution and accuracy are 0.1 and 0.25”C.

Flow measurements are made by turbine flowmeters (TFMs) and equal
area pressure-drop (Annubar*) probes. The TFNs are used on 1/2 in.,

1 1/4 in., and 3 in. diameter pipes while the Annubar probes are used

on the 4 in. and 6 in. diameter lines. The TFMs and the Annubar probes
are typically 1 percent devices. Each TFM is provided with a pulse

rate to dc converter, which transmits a 4 to 20 mA signal to the data
acquisition system. The Annubar differential pressure signals are

translated by means of individual differential pressure transducers,
which send 4 to 20 nulsignals to the data acquisition system.

Auxiliary energy is supplied to the building in the form of steam
at 862 x 103 Pa. When this auxiliary energy is required for heating

or cooling, the pressure is reduced to 172 x 103 Pa and it is allowed
to flow through two small heat exchangers and the condensate is returned
to the central power plant. For the purpose of energy determination,
steam pressure and temperature, and the condensate flow and temperature
are mc~ured. The pressure and flow measurements produce 4 to 20 mA
signals.

The electrical power consumed by the major pumps in the solar
energy systcm is measured by three-phase watt transducers whose 4 to 20 mA
outputs arc sent to the data acquisition system. The watt transducers
are 480 volt delta connected and each reads the current in two legs of
the three phase line. Accuracy is better than 1 percent.

Weather data in the form of ambient temperature, wind speed, and
wind direction is gathered from a small weather station located on the
roof. In acldi~ion, the solar flux is measured in both the horizontal
and collector planes by two pyranometers designed for this purpose.

.

The solar energy system instrumentation occupies 68 analog channels
in the data acquisition system and permits the determination of energy
balances, efficiencies, and overall system performance.

B. Heatingl Ventilating, and Air Conditioning Systems.—

Figure 2 is a simplified HVAC systcm schematic in which typical
instrument~tion locations are shown. Two types of air temperature
measurements are made. Copper-c@nstantan (Type T) thermocouples are
used in all air eupply and return ducts as well as in the fan discharges.
The accuracy of these measurements is within ~ 0.5°C with a resolution
of O.l”c. The rrfcr=nce system is shared with the solar energy system
inStrumc!ntiltion. When alr tcmPeraturc measurements must hc made in
ducts of lnr~c cross-sections, an uver@n~ temperature probe is used.
These applicacious include the air washers, cooling coils, and a heat
rc.covcry unit, ‘1’ileprobe consiscs of a 1O(XI ullm 13alcw ru:~lntance
thermurnrter w[th an active lenfitl~of 6.6 m , w}dch is suspended ncrosw
the duct so that.it miiyrespond to the averqe n~r temperiit.uru. I?xC!i-

tatlon and rcati-out of the probe ~.saccompltshccl through a convent~oilal
bridge network. The acc~!.racyand resolution of the measurement is
similar to the Lhermocuuple measurement de~cribex.1above.

.—___ _ ..
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4 Air flow measurements with Ln the s(lpply and rcm~urn L[lLCts ;!rt’rnwlc

by precision propeller anemometers pre-calibrated to provid[+ ;inou~put
of 1 volt at an air speed of 180 m/s. As a moans of chcckinti LIIC in-

place calibration of the anemometers, each is provided with a Duct Air

Monitor Device (DAM.D)* permanently mounted in the duct up stream of
the anemometer. Each Dl~LD COIISISCS OF a honeycomh air stralgh~ner

section Followed by an array of static and total pressure sensors in@r-
connected in an averaging configuration. The otltput lines (static and

total pressure) from each DAMD are routed to u centraL jack panel where
the differential pressure across a selected DAND may be m~i~sure(l by
means of O to 1 torr differential capacitance manrlmeter. The electrical

output (0-10 volts) of this instrument J.sconnected to one clmnneL of
the data acquisition system so that on-line calibration of the propeller
anemometers may be made during system operation.

Dew point temperature measurements arc mild~ in tile return nir clIIcLs

and at selected locations in the air handling equipment. The dev~ce
used is a llewl’robe,**an electrically heated, se,Lf-re~u”J.atin~,llLIIiIJm

chloride dew point hygrometer. The DewProbe temperature is sensed by a

500 ohm ntckle resistance thermometer. A convent.ional bridge network

is used for excitation and read-out of the resistance thermometer. The
nctual dew point temperature 1s related to the mcas~lred temperature by
a nearly linear function. This conversion is clone in tlit?diltii r;~ducLiol~

prc~gram.

Air flow in the HVAC system is controlled by variable pusitLon
dampers, which respond to pneumatic olltputs from tilecontrol system.
‘Lfierelative positions (O to 1(!0percent) of 14 of tlwic dampers arc
measured by potentiometers co~lplcd to the actuutor sllaFts. l’lw pnten-

tiometcrs coupled Lo tt]e:lctuator shafts. ‘H](:potenLJ(Jmet,e~s are t7x-

citcd with 5 volts dc nnd the volr.i~[;c.aLthe arm of edcll potentic]nmtcr

is read by the data acqu.tsLtion systcm as a measure of th.!cl:~mperposi-
tion.

Electrical power to the two supp].y ilnd two re~urn falls .Lsmeasured
by three phase delta connected watt transducers, wIILc1lprlwLdr 4 to 20 nul
signals to the data acquisition system. T.na slmllar m;.inner,tllcb~lLld-
ing lighting loads arc measured by 7 additional wutt tralwduccrs. The

total electrical load of the building Ls rneasurcd by a cnm-drLven con-
tact installed in the main kWh meter. ‘Illiscontact, wll,ichpr[wides c)nc
transition per kWh, is used to g~nerate Interrupts in tiledat.~ il~.Cllll~;l-
tlon program; these interrupts are c.ountcd to provide a measurement of
the electrical energy Cons’jmed in the hwilding.

~. Control Sy5tem

.—— -——--—---- —-
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data acquisition system, which senses the state of the control system,#
and then makes any necessary changes in the data acquisition and display
tasks.

III. DATA ACQUISITION

A. Requirements

Early in the project it was realized that the complexity of the
system and the number of measurements needed to char.lcterize it made it
imperative that some form of on-line data reduction and display of
system behavicr be provided: A simple data-logging st;heme would result
in the generation of large quantities of data, which wuul.d be useles”
until further processed. Therefore, specifications were written fo.
a minicomputer based data acquisition system with the capability for
slmult.:~neous L1.Ita acqllisition, rcclllction, disp’lay, ;lnd progrnm (levclop-

ment. The specifications also provided for system expansion, both in
the number of data acquisition channels and in the capability for
analog and digital outputs. since a projected expansion of the research
program will require development and implementation of programs for
energy management and control of the building energy systems.

R. Configuration

The systcm selected, and ultimately delivered, consists of a

PDP-11/34* central processor with 32K of parity core memory, 7.5
megabytes of mass stornge (disk pack), a console terminal, a CRT ter-
minal with both alphameric and graphics capability, and a fully in-

tegrated local process 1/0 subsystem. A communications interface and
auto-answer modem arc also included to permit access from remote ter-
minals. The local process 1/0 is presently configured with two A/D
converters connected to 160 analog channels and a single 16 channel
digital. lntertupt module. All but.5 analog and 6 diEital channels are
presently in use.

The system software, RSX-llM,* is a real-time, multi-user, multi-

task operating systern~,.All program development is done in FORTRAN IV.
The system permits task”schedullng as a function of time and specific

events; this Permits the systcm to operate around the clock with a
minimum of operator intervention.

c. Capabilities

Each A/D converter is cnpable of sampling analog channels at the ~

rate of 200/s. By using the two converters in parallel, an effective
sampling rate of 400/s is achieved. ‘1’hcfull scale ran~c of ench analog

channel Js programmable between *.LOmv nnd ~10 volts in a 1, 2S 5
scqut+nce with 12 b~t resolution. The gain programming nnd chunnel

selccti.on are accornpllslwd by FORTRAN subroutine calls to the ~Jrocess
1/0. At present, the system samples all the chnnncl.s once every 15 s
and converts the readings to approprl:lte engineering units (017,gal/mln,

etc.)und stores Lhcsu values in o common blcck accesi.ble to other pro-
grams. A sccotld pro~;ram, running at the same interval, then cal.cuLatt~s

the energy 1)~.li~tl~~~ :lpproprLatc to Lhc build.tngts operating mode (he~~t-
ing, cooling, etc.)and upclat~’sa t.lbk file with thu current und
.— —. ——.
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i“ integrated values for these balances. Every ~~11~-!lill[hour duriug the
day (hourly at night) a summary of these balances is printed on the
system console and also written in a disk file. In addition, mode
changes sensed by the digital. interrupt module wiLl force .summarfes to
be printed. Once a day, at midnight, a disk file, loca~ed on tile re-
movable disk pack, is updated with the day’s summaries and all intcgr;ltions

are reset to zero. This disk pack l~olds up to one month’s summary data
and serves as long term archival storage. During the day additional
summaries and information regarding the iIILliVidUal channels may be re-
quested without interrupting the system operation.

.—,.......—.
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Fig. 1. Simplified mechanical schematic.
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Fig. ?. Sii~lplifl~d}IVAC :;~llcmatlc.


