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DEVE~OP~~NT QF A SO~AR FLUX TRACKER 
FOR l'ARAB.QI,!C TROUGH COLLECTOR$ 

K~rlan D~ ~6ultinghouse 
·solar Reseafqh a~d !v~lu~tion PJvision 9721 

s~ndia N~tional Laboratories 
Albuguetq~~~ New Mexico 

This t'epcn:t; d~~<# ilQe.s_ the develo1;>ment qf a solar flµx tracker 
fq; ij~p11catJqn. to a par;abolic trough solar thermal eollector. 
Test~- were con.duc~e~ at 1:.he Colle(;lto.r Modul.e ".l'est Facility and 
Perfor~ance Pt~totype Trough Test Fa6ility on a resistance wire 

• type solar flu~ sensor. The ~~vie~ consists 9f two fine wires 
installed along.each side· Qf the absorber tube parallel to the 
axis. Th' wires c~•nge resistance as a function of the solar 
flux arri~in~ ,t the absorber from the re~lectors. The resis­
tance of the two wires is compared to produce a null signal 
when both wires ar;e equally illuminateq, Th.e signal from the 
wires t~ used in combin,tion with a microprocessor control 
sy~tem to drive the collectors to the optimum t~acking angle. 
Comp~rispns ijre mJde between the perfo~~ance of the flux tracker, 
a pomputerTbased tracker and a shadow band tracker. 
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DEVE~OPMENT OF A SOLAR FLOX TRACKER 
FOR PARABoirc TROUGH COLLECTORS 

lNTRODUCTIO~ 

$~lar col:):eGtQrs that tt~ck the sup on only a single axis 

commonly use one of three different tracking concepts. These 

are sh,dow band (indir$ct view optiqal tracking), computed sun 

position trJc~ing, an~ receiver flux ~ensor tra9king (direct 

view Q~tical trac;k!ng)~ 

Shado• ban~ devi~es typlc~lly ~tilize two photocells, which 

are normally tefatat,d by a v,rtical shadow 9late. When the 

device ts mounted to th~ trough and pointed at the sun, the 

shadqw plat~ sh~d•s th~ photocells equ~lly, resulting in a 

nulled diff~re~tial output. If th~ device is not pointed to 

the sun, one p~otocell will be illumin~ted more than the other. 

This dtffer,~ce b•tween th~ celle output is uaed to drive the 

trough in th~ ptoper diDection to red1+ce the signals to zero. 

When the tracker is properly aligned w.i.th the collector, the 

solar flux reflected from the trough is focused on the receiver 

tube. 

Shadow band syst~ms track the sun satisfactorily under 

ideal conditions; but user experience has shown operational 

problems. Disadvantages of shadow band trackers include 
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differential aging of the light sensors and dirt or dust on 

the sensors, both of which cause tracking errors. Unequal light 

intensity from cloud edges and light reflections from buildings 

can affect the tracking performance,. : Master tooling .and site 

specific correction for collectors are required from indirect 

tracking devices to assure adequate alignment. 

When computer tracking is used, the solar position is 

calculated as a function of time, and the collector is aimed at 
. . 

the calculated position in the sky. A highly accurate angle-

measuring device; such as a· digital shaft enco·der ;··must be 'in­

stalled on the rotating axis in ~r~er to p~sition the coll~ctor 

to the calculated angle. Computer' tracking has adJ;an.tages over 

the shadow band technique in that light "rei1~~tion~, clouds, 

varying levels of su~light, ~tc.~ cannot affect tr~ckirig 

accuracy, but equipment costs are much hig~er. 
j ' . . 

This report describes the development of an integrating 

direct view optical resistance wire solar fiux seri~~i. The 

system combines a microprocessor to.calculate the sun's 
I. . . 

position and then rotates the collectors to the calculated angle. 

The programmed microprocessor then generates corrections to 
,_ "! '.) ,t ; ,' l 

the calculated angle by seeking the tracking wire·s null signal. 

This hybrid tracking ~ontrol ·system ~~s ad~antages over both 

indirect computer sun angle and shadow band tracking in that 

the high-cost optical shaft encoder required for computer sun 

tracking can be replaced with a low-cost inclinometer angle 
·-. 

sensing device. Direct trac~ing seniors generates its ttatking 

signal from incoming concentrated solar flux at the reqeiver 



tube. This method has the potential to oini~ize the effect 

of integrate optical imperfections and trough misaliJnnents. 

The sensing wires are mounted on the absorber tube, one 

on each side, 180 degrees apart, parallel to the axis of the 

trough. Incoming solar flux from the reflector heats the 

wires and changes their resistance. A sensing circuit detects 

the change in wire resistance and generates a voltage propor­

tional to the resistance change which is then used for tracking. 

DESCRIPTION 

The solar flux wire tracker was designed Eor use on 

parabolic-cylindrical solar collectors. Figure l shows the 

wires installed on the Performance Prototype Trough ( e PT). 

Major components of the device are two nickel ~ires, spring 

clips with insulators, expansion springs, f c ed-thrauJh insulators 

and jumper wires. 

Type 201, 0.005-inch diameter uninsul3ted nick~l ~ires were 

installed as the sensing device for the tracker. ~i c kel has 

good mechanical strength, reasonable thermal conductivity, high 

resistance to corrosive atmospheres and ease of joining itself 

to other metals. Elgiloy (an alloy of nickel, iron, chromium, 

and cobalt) was selected to fabricate the spring cli? and 

expansion spring. Elgiloy is suitable for temperatures from 

sub-zero to 900 degrees F. The alloy has less than 1.5% 

relaxation at stress levels of 75 Ksi and at temperatures 

below 850 degrees F. 
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Figure 1. Flux wire sensor as installed on Performance 
Prototype Trough. 
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The spring clip provides both alignment and spacing for 

the sensing wire. Mullite oval, double-bore ceramic tubing was 

used to provide electrical insulation for the nickel wires. 

Ceramaseal (~ subminiature feed-through insulators were laser 

welded into the stainless-steel receiver tube "O~-ring collar, 

The wires and ot~er compqnents are capable of continuous 

operation in air at 900 degrees F. 

The feed-through irsulators are high-alumina ceramic and the 

metal sleeves 9 re nickel. The flux sensing wire~ are terminated 

at the expansion/torsion spring with BAG-7 silver solder. The 

spring maintains .tension on the sensing wires and prevents 

overstress during thermal cycling. The jumper wire between 

receiver tubes uses #22 AWG nickel, high-temperature, ~ire­

re~istant wire, and can operate continuously at 800 degrees F. 

BAG~7 silver solder is again used to join the jumper wires at 

the feed-through insulators. Ceramic tµbing is placed over the 

jumper wJre and feed-through junction to prevent $horting. A 

loop at each end of the jumper wire relieves stress on the feed­

through junction. 

MATERIAL ENVIRONMENTAL TESTS 

Environmental tests were conducted on the material selected 

for the tracker sensing wire assembly, Under normal operation 

the components were subjected to temperature cycling from ambient 

to 650 degrees F., humidity and UV radiation. 
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The first test was conducted on the "O"-ring collar 

assembly as shown in Figure 2. The nickel base of the feed­

through is laser spot welded into 304 stainless collar and the 

expansion spring welded (TIG) to the end of the nickel wire 

conductor of the feed-through. Ten assemblies were then placed 

in an environmental test chamber and programmed to cycle from 

ambient to 650 degrees F, with relative humidity to 100%. A 

total of 150 cycles was run on the ten assemblies. At intervals 

of ten cycles each assembly was microscopically inspected for 

failure and oxidation. The results of this test showed one 

failure at the welded laser joint between the feed-through and 

collar. This failure was the result of a poor mechanical fit 

at the interface resulting in an improper fuse of t~e laser weld. 

A light coherent oxide was observed after the first ten cycles 

on the expansion spring, but further cycling showed no increase 

in the oxide film or any detrimental effect o~ the maferfal or 

weld joints. 

The second environmental test was designed to examine the 

compatibility of the BAG~7 silver solder with that of nickel 

sensing wire and Elgiloy expansion spring. Ten joints were made 

using BAG-7 and an inorganic acid flux. The assemblies were 

placed in a furnace at 700 degrees F for 720 hours and air coole<l 

to room temperature, then inspected for environmental damage. 

The inspection results showed that the surface of all three 

materials in the assembly was covered with an incoherent black 

residue and showed evidence of chemical attack. 



LASER WELD 
T. LG. WELD 

EXPANSION SPRING 

Figure 2. "O"-ring collar assembly. 
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The chemical analysis of the black residue showed that it 

was decomposed silver solder flux, which contains acid and salts 

resulting in the attack of the material in the assembly. This 

test concluded that cleaning of the joint is a requicement before 

environmental exposure. 

TRACKING TESTS AND RESULTS 

The preliminary tests of the resistance wire tracking system 

were run at the Collector Module Test Facility (CMTF). The 

tracking system was installed on the Sandia Mod. 2 Engineering 

Prototype Trough (EPT-2) [2]. The EPT-2 collector used two 

2 m x 6 m troughs and four 25 mm (1 inch diameter x 3 rn long) 

receiver tubes. 

The development of a tracking system designed to incorporate 

both computer and flux sensor tracking is shown in Figure 3. 

The system can compare the collector position as controlled by 

the computer to the tracking signal from the resistance wire 

flux sensor. The test was designed to obtain basic data and 

understanding of the problems and advantages associated with 

using the hot wire flux sensor concept. 

The design test was run at the Performance Prototype Trough 

Test Facility [3]. The PPT installation uses four drive strings, 

each having four 2 m x 6.1 m reflectors. The PPT receiver used 

eight receiver tubes, each 31.75 mm (1.25 inch) diameter x 3 m 

long. The total length of the PPT collector system is 

97.5 meters. A Honeywell-designed, microprocessor-based 
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Figure 3. Eng~neering Prototype Trough Tracking System. 
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tracking and control ,system was i~stalled on each collector 

string. The hardware and software design combined rough,calcu­

lated sun-angle tracking with wire flux tracking. A schematic 

of the syste~ is shown in Figure 4. The purpose of ~his.test 

was to install the sensor on a larger collector £ield to obtain 

performance, reliability __ and material compatibility data. 

Preliminary Tests 

To obtain a better understanding of the output signal 

response of the heat flux sensor, four djfferent configurations 
' 

~ 

of the resistance:wire were invest.igated. Each configuration 

was installed on a 3 m length of receiver tube for testing. 

Voltage output from the resistance wir~ ~lux sensor was 

recorded a,s the receiver was driven slowly throug~ ~he focused 

sunlight from the collector. Figure 5 shows the circuit used 

to record the electrical output of each individual wir~,· and 

the differential signal output of the two wires. Before each 
. * test, the bridge circuit was balanced at ambient tempetature 

with collectors in stow. Figures 6 and 7 show the results 

obtained from each configuration study. 

Configurations A, B, and C show that the best focus for 

optimum tracking occurred when the voltage output was less 

than maximum. However, configuration C and D shows that 

increased wire spacing caused optimum focus to occur at the 

wire's maximum voltage output with a resulting difference 

signal that is adequate for tracking. A tracking envelope 

similar to that shown for A, B, and C was reported in previous 
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tests by Kohler and Wilcoxen [4]. The results of this test 

show that the single-peak envelope signal from configuration D 

(Figure 8) woqld provide sufficient output and sensitivity for 

accurate tracking. 

For the first operational test, configuration D of the 

flux sensor was installed on the first 3 m length of receiver 

tube at the ea$t end of the ~PT collector. Good tracking 

signals were obtained during the middle of the day, but low 

signal output was recorded at early morning start-up. The high 

angle of incidence of solar beam radiation during the early 

morning caused most of the reflected light from the collector's 

mirrors to fall on the receiver well t9 the west of the illij­

minated position at solar noon, Only about ~5% of the east 3 m 

of receiver was illuminated. The wire flux ,sensor was removed 

and installed on the second 3 m tube. This provided 100 percent 

illumination at an angle of incidence of 70 degrees and excellent 

tracking signals throughout the day. 

During initial testing, the signal from the resistance 

wire flux sensor showed an angle offset from the tracking null 

which varied with both operating temperature and time-of-day. 

The tracking signal offset resulted in a tracking error of 

0~6 degrees at 300 degrees C fluid temperature at various times 

during the day. A tracking error of no more than 0.2 degrees 

is required_ to insure that all the reflected light will fall 

on the receiver at all hours of the day. Further testing was 

conducted to investigate ths causes of the tracking signal 

offset and the resulting collector trac~ing errors. 
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The fluid temperature in the receiver was stabilized at 

ambient ai~ temperature with the collector out of focus and 

at 100, 200 and 300 degr~es Celsius. ~teach temperature, 

the collector was positioned at 90 degrees south, ho~izontal 

and 90 degrees north and the differential output of the wire 

flux tracker was recorded. The results are shown in Figure 9. 

The data ~hpwq that th~ flux sensor offset angle is dependent 

on trough angle and fluio temp~rature, both of which affect 

the temperature distribution within the receiver tube. The 

tracking offset angle is -most likely caused by convection air 

currents within the receiver annulus unequally heating the two 

resistance wires. The effects of natural air .convection in 

annular receiver tubes have.been reported by Hickox and 

Gar tl ing [s] . 

From the data ~n Figures 8 and 9, an offset angle algorithm 

was written: 

68 :; ~4 { E + [K3 + i<2 ( T - Kl) cos 8] 1 
From curve: 

K1 = 5°C (ot~set) T = fluid temperature (°C) 

E ~ error signal from wire (mv) K2 = .466 mv/°C {slope) 

K3 = 10 mv (offset) 

K4 = .007 DEG's/mv (Slope) 
from tracking wire 
output single 

0 = qollector angle from horz.(deg.) 

AB= error !n trough position (deg.) 

The offset angle algorithm was inserted into the wire 

sensor tracking software. Peak effi~iency data was obtained 
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at approximately 100, 200 and 300 degrees Celsius. A typical 

all-day efficiency plot from flux wire tracking is shown in 

Figure 10. 

Peak efficiency vs output temperature for both flux wire 

and computer tracking is shown in Figure 11. The plot shows 

that efficiency of the collector decreases as the temperature 

is increased; the decrease in efficiency is caused by in­

creasing thermal losses from the receiver. Both tracking 

methods produced approximately the same collector.efficiencies. 

Design Tests 
' 

After establishing the basic design and operating charac­

teristics of the wire sensor from the preliminary tests, 

configur~tion D was installed on the PPT collector field. A 

fixture was designed to insure proper alignment of the resis­

tance wires with the trough. The fixture also provide~ a tool 

for assembling receiver tube hardware. 

The position of each wire was ~easured from the Swagelok [6] 

tube fitting body hex flats that were installed into the receiver 

tube support yoke. This method provided the required alignment 

of the sensing wires tq the troughs for the 32 receiver tubes. 

Field installation of the jumper wires completed the assembly 

installation of the solar f+ux tracking wires. 

PPT system component checkout was conducted using calcu­

lated sun angle computer tracking. The system was operated 

for approximat~ly 60 hours at fluid temperatures between 

ambient and 300 degrees Celsius. Upon completion of system 
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tests, the components of the flux sensor were inspected. 

Several of the Mullite insulators located in the center of 

five receiver-tube assemblies had fractured. The fractures 

are probably due to sagging of the metal receiver tubes 

(which was observed during assembly, prior to operation at 

elevated temperature) and from movement caused by tempera­

ture cycling and torque load from the flexible receiver tube 

hose assembly. Receiver tube movement crushed the insulators 
.j 

between the glass tubing inside diameter and metal tubing 

outside diameter. Due to the unavailability of spare parts, 

repair of all fractured insulators was not possible. Solar 

flux tracking was, therefore, studied using on~y three of the 

four collector drive strings. 

The resistance wire signals were electrically balanced at 

ambient temperature with the three collector drive strings in 

the horizontal position (reflectors aimed at the zenith). The 

offset angle algorithm used with PPT was derived from string *4 

and the results are shown in Figure 9. From the curves in 

Figures 8 and 9, the offset angle for the PPT collector field 

was written: 

From Curve: 

K1 = -15°C (offset) T = fluid temperature (°C) 

K2 = .722 mv/°C (slope) E = error signal from wire (mv) 

K3 = a.a mv (offset) 8 = collector angle from horz.(deg.) 

K4 = .025 DEG's/mv (slope) 
from tracking wire 

/j,8 = error 
' 

in trough position (deg.) 

output single 



The offset angle data from the PPT colleGtor field shows 

a symmetrical curve pattern about the axis of the plot, while 

the data from the EPT-2 (Figure 9) shows an offset of the 

curves. The improved symmetry obtained on the PPT installation 

was due to the more precise location of the tracking wires that 

resulted from using an improved assembly fixture. 

After inserting the offset angle algorithm into the 

Honeywell collector control system, an all-day efficiency test 

was conducted on the fluK wire tracker. The results of this 

test from string #4 are shown in Figure 12. The DELTA-T string 

established thermal equilibrium at 0830 solar time and an output 

temperature of 585 degrees F. rh~ solar flux tracker system 

maintained stable tracking to 1630 hours, at which time the 

angle of incidence was 67 qegrees and solar radiation normal 

to the trough was 325 (W/m2 ). 

A test was designed to demonstrate the performance of the 

flux wire sensor tracking system with that of computer and 

shadow band tracking. 

In the computer-control tracking technique, the calculated 

tracking angle could change from the ideal tracking angl~ because 

of mis?lignment and imperfections in the collector's string. The 

PPT computer angle error offset was determined by measuring the 

system fluid temperature rise as a function of angle. The 

measured angle error offset was then inserted into the computer 

software to provide peak efficiency computer tracking for the 

PPT configuration. A shadow band tracking device was mounted 

to string #4 of the PPT configuration and, for the same reason 
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9iven above, the optimum tracKing angle may differ from the 

calculated angle. Tnerefore, the device was adjusted for null 

at 0900, 1200 and 1500 hours solar time for three consecutive 

days to insure the best possible alignment. No alignment or 

adjustment was made on the flux wire sensor. 

Tracking of strin9 #4 was switched between the three 

tracking ~odes at intervals of approximat~ly 15 minutes during 

the test day. The results of the test are shown in Figure 13. 

The shadow band tracking curve indicates a continual efficiency 

loss throughout the day. Imperfections sqch as optical quality 

of the reflector, sagging of the receiver tube, misalignments 

between the shadow band and reflector and reflector and 

foundation are the r~sults of efficiency loss for the shadow 

band tracking. The efficiency curves for both ~lux wire and 

fine-tuned computer tracking modes show no difference in 

the tracking perfor~ance of the collector string, but with 

aging of the colleQtor string such as warping of collector 

components and foundation movement would require the computer 

angle offset to be tested an~ adjusted to maintain peak 

efficiency. The as-in~talled flux wire sensor showed the 

ability to integrate imperfections from the collector 

components by direct view tracking from the incoming heat 

flux of the collector. 
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COST 

It has been generally accepted that computet sun position 

tracking be utilized as the tracking device for most'single­

axis parabolic collectors. For this reason, a cost estimate 

of the two systems has been compared. The estimated cost is 

based on one drive string from a large collector array of 

24 strings. The results are shown in Tabler. 

Table I 

Item Computer Flux W~re 

Sensor fabrication 40.00 

Sensor installation 320.00 

Optical encoder 1200.00 

Inclinometer 300.00 

Field controller 100.00 75.00 

Collector controller 500.00 400.QO 

Wiring 300.00 200.00 

Efficiency (adjustment) 100.00 

String (alignment) 150.00 75.00 

Tooling 200.00 

TOTAL $2550.00 $1410.00 

It is expected that with manufacturing development, the 

cost in Table I would be reduced substantially. 
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CONCLUSIONS 

A solar flux wite tracker hqs been developed ana tested 

that allows accurate tiaciking of parabolic-cylindrical solar 

collectors. A microprocessot coptrol system is used in 

combination with the flux .wire output signal to drive the 

collectors to optimum tracking angle. 

Environmental tests were GOnducted on the flux sensor 

components. The tests resulted in the solutlon of two poten­

tial problems, that of poor fit between collar and feed-through 

and chemical attack of nickel wire and ~xpansion spring. 

The pr~liminary and design test data established wire 

sensor configuration, offset angle algorithm and tracking 

performance for the flux wire tracking system. The direct 

view tracking device provided the optimum tracking angle by 

integrating misalt9nments from the collector's components. 

The estimated total co~t of the system when compared 

with computed sun angle tracking was reduced by 45%, mainly 

due to component and maintenance cost of the system. 
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