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1. INTRODUCTION 

Structures such as parabolic trough solar collectors are being 

considered for power plant thermal sources. A significant factor 

influencing the economic viability of these collectors is the magnitude 

of the wind load and the resulting structural requirements. The shape 

of the collector, its height above the ground, the collector pitch 

angle, the number and arrangement of collectors in an array and the 

direction of the wind are several parameters which can modify the loads 

applied to the collector. Since an analytical or a numerical approach 

cannot be considered for such a complicated geometry, a simulation in a 

wind tunnel in which the atmospheric boundary layer is modeled was 

conducted at the request of Sandia Laboratories (1). 

The purpose of this study was to investigate characteristics of 

mean wind loads produced by airflow in and around several configurations 

of parabolic trough solar collectors with and without a wind fence. 

Four basic parabolic shapes were investigated as single units and one 

shape was studied as part of several array fields. One 1:25 scale model 

of each parabolic shape was constructed for mounting on a force balance 

to measure two forces and three moments. The effects of several 

dominant variables were investigated in this study: wind-azimuth (or 

yaw), trough elevation (or pitch) angle, array field configuration, and 

protective wind fence characteristics. All measurements were made in a 

boundary-layer flow developed by the meteorological wind tunnel at the 

Fluid Dynamics and Diffusion Laboratory of Colorado State University. 

The primary consideration in modeling wind forces on structures in 

a wind tunnel is that the wind characteristics in the tunnel simulate 
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natural boundary-layer winds at the actual site. In general, this 

requires that the vertical distribution of mean velocity and turbulence 

in the wind-tunnel boundary layer match those at the site and that the 

Reynolds numbers of the model and the prototype be equal. In addition, 

the small-scale model must be geometrically similar to its prototype. A 

detailed discussion of these requirements and their implementation in 

the wind-tunnel environment can be found in references 2, 3, and 4. 

The construction of a 1:25 scale model of the prototype structure 

and its immediate surroundings (in this case, a flat, open area), 

submerged in a turbulent boundary layer of the meteorological wind 

tunnel shown in Figure 1, satisfies all the above criteria except those 

of equal Reynolds numbers and similarity of turbulence intensity and 

scale. 

In the Reynolds number ~, v is the same for both the tunnel and 

the full-scale structure. Because of this, the wind-tunnel air speed, 

U, would have to be 25 times the full-scale value if the model and 

prototype Reynolds numbers are to be equal. Testing at such high wind 

speeds is not feasible. However, for Reynolds numbers larger than 

2 x 104 for sharp-edged structures where the flow separation point is 

fixed, there is no significant change in the values of aerodynamic 

coefficients as the Reynolds number increases. For flows over curved 

surfaces, the velocity required for Reynolds number independence ranges 

from below 105 to nearly 106 depending on surface roughness of the 

curved surface and turbulence structure in the approach flow. Since 

typical Reynolds number values are 106-107 for high-wind, full-scale 

flow and about 7 x 104 for wind-tunnel flows, acceptable flow similarity 

is achieved without equality of Reynolds numbers for cases where flow 
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separation is fixed at the edge of the parabolic collector. For cases 

where flow separation could be on the smooth curvature of the back of 

the collector, a small Reynolds number dependence may be included in 

the simulation. Because of the large turbulence intensity in the 

approach flow, Reynolds number dependence is expected to be quite small. 

At a model scale of 1:25, the larger scales of turbulence in the 

atmospheric boundary layer are not simulated in the wind-tunnel flow. 

However, because the flow about the parabolic trough approximates the 

flow about a flat plate at elevation angles near to zero degrees and 

because the integral scale of the turbulence in the wind tunnel was 2 

to 3 times the largest dimension of the model collector, the influence 

of the scale of turbulence was not expected to be significant (5). 

Evidence exists which demonstrates some influence of turbulence intensity 

on drag of flat plates (5,6,7). Because the turbulence intensity 

difference between the current simulation and a simulation with complete 

similarity of turbulent structure is not large, the effects due to 

turbulence intensity should be small (a few percent at most). For 

cases where an upstream collector disturbs the approach flow, turbulence 

characteristics are dominated by the wake characteristics of the 

upstream object and possible differences due to turbulence intensity 

should further decrease. 



2. EXPERIMENTAL CONFIGURATION 

2.1 Wind Tunnel 

The study was conducted in the meteorological wind tunnel of the 

Fluid Dynamics and Diffusion Laboratory at Colorado State University. 

This low-speed, closed-circuit wind tunnel (Figure 1) is characterized 

by a long (96 ft) slightly diverging test section, 6 ft-8 in. wide (at 

the turntable) and 6 ft high to develop an appropriate atmospheric 

boundary layer simulation. The ceiling is adjustable to avoid a pressure 

gradient along the test section. This facility is driven by a 400 HP 

variable pitch propeller with velocity varying continuously from 0.5 fps 

up to 100 fps. The turntable where the tests were conducted (6\ ft 

diameter) was located near the downstream end of the test section. The 

ambient temperature was controlled at 24°C. 

2.2 Flow Simulation 

The purpose of the study was to evaluate loads on collectors 

in an atmospheric boundary layer developed over an open flat area, 

characterized by a tth power law. Since it was impossible to model the 

complete boundary layer, the simulation was conducted in a 45 in. deep 

boundary layer, whose mean velocity power law exponent was 0.15. Tests 

were run with a velocity at 45 in. of about 80 fps. The velocity and 

turbulence profiles are shown in Figure 8 and tabulated in Table 2. 

The shape of the boundary layer was obtained by means of selected 

roughness on the wind-tunnel floor upstream of the model. Forty feet of 

test section length were covered with 1 in. cubes followed by a 40 ft 

length of pegboard with 0.25 in. diameter pegs projecting 0.5 in. above 

a pegboard base. In addition to the floor roughness, four triangular 

spires extending from the floor to the ceiling were installed at the 
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test section entrance in order to get a thicker boundary layer than 

would otherwise be obtained. 

2.3 The Model 

The prototype of the solar collector was a 6 ft wide and 22.5 ft 

long parabolic shaped unit mounted end-to-end in rows. In order to fit 

the dimensions of the turntable, the 1:25 scale was chosen. The models 

were built of brass. 

Four different shapes of parabolic collectors were constructed 

varying the rim angle ~ (Figure 2). The parabolic shape was defined 

by the equation: 

112 = 4 Ft 

where the rim angle 4> is related to the aperture C: 

F = * (ta! ~ + Si! ~ ) 
The set of four collectors, called the metric units, were each able 

to be mounted on the force balance as shown in Figures 3 and 4. Their 

height and elevation angle could be varied manually. The force balance 

was fixed to the wind-tunnel turntable so that measured forces and 

moments were referred to a coordinate system fixed with respect to the 

turntable. The coordinate system used is shown in Figure 5. A further 

explanation of the chosen coordinate system and nonmenclature would be 

beneficial. It is common practice to refer to the three components of 

force resolved in the wind axis system as drag, cross-wind, and lift 

forces and to the components resolved in the body axis system as axial, 

side, and normal forces. This is logical due to the fact that at zero 

yaw angle and zero pitch angle, most aerodynamic shapes (airplanes, 

rockets, etc.) have their uaxis u aligned with the wind. However, since 

the "axis" of a solar collector trough is normal to the wind at zero 
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azimuth angle, it was felt that referring to an "axial" force could be 

misleading. Therefore, ttlateral tt force will be used to designate that 

component of force acting lateral to the axis of the collector trough 

and "longitudinal ft force that component acting along (parallel to) the 

axis of the trough (see Figure 5). Lift force will still be that 

component perpendicular to the ground (i.e., that force tending to 

Hliftn the collector off its foundation). 

Elevation angles of the collector could be set to 1 degree while 

azimuth positioning using the turntable was accurate to about 0.2 

degrees. The four metric collectors, each mounted alone in the wind 

tunnel were called configurations 1-4 (Figure 2). 

Five configurations of collector arrays were used in the study. 

Each was composed of different combinations of rows with each row being 

formed by three aligned collectors similar to the collector configura

tion 1 (+ = 90°) (Figure 6). The largest array, configuration 9, could 

be set on the turntable, such that a rotation of the turntable moved the 

entire array, and the relative position of the metric collector referred 

to the others remained unchanged. A view of the array field in the wind 

tunnel is shown in Figure 1. 

A study of the effects of wind barriers on collector loads was 

conducted by using 4 fences made of perforated sheet metal, punched with 

0.315 in. diameter holes, which provided a 23 percent porosity. The 

heights of these fences were 1, 2, 3 and 4 inches. Two 2 in. fences 

were used, one with a 23 percent porosity and a modified one with 18 

percent porosity. The fences were tried at several distances in front 

of the collector arrays. 
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Three solid berms of heights 1, 2, and 3 in. were used to determine 

the influence on loads of earth berms upwind. The 1 in. berm had a 

linear slope with a base width of 2 in. (Figure 6b). The 2 in. berm 

was composed of the 1 in. berm with a trapezoidal shape of 1 in. height 

and base width of 4 in. placed below it. The 3 in. berm was formed by 

inserting a 1 in. high section between the two portions of the 2 in. 

berm (Figure 6b). 

Since the possibility of controlling the pitch angle of the full

scale prototype with a 1 ft diameter torque tube was under consideration, 

the effects produced by a 0.5 in. diameter "torque tube" attached to the 

back of the collector were measured. 



3. INSTRUMENTATION 

3.1 Velocity Profiles 

To determine the approach boundary-layer characteristics, velocity 

and turbulence intensity profiles were measured over the turntable with 

no collector in place. These tests were performed with Uoo = 80 fps at 

the top of the boundary layer 45 in. above the floor. 

Data were obtained with a single horizontal 0.001 in. platinum hot-

film probe. A vertical traverse controlled directly by an on-line 

computer supported the probe. The output from a Thermo-System, Inc. 

constant temperature anemometer was directed to a data acquisition 

system consisting of a Hewlett Packard 21 MX minicomputer, disk, card 

reader, and printer and including a Preston Scientific analog-to-digital 

converter, Digi-Data digital tape drive and Tektronix plotter. Data 

were acquired and processed under software control. 

Calibration of the hot-wire anemometer was performed using a 

Thermo-Systems calibrator (Model 1125). The calibration data were fit 

to a variable exponent King's Law relationship of the form: 

E2 = A + BUn 

where E is the hot-wire output voltage, U the velocity and A, B, and n 

are coefficients selected to fit the data. The above relationship was 

used to determine the mean velocity at measurement points using the 

measured mean voltage. The fluctuating velocity in the form U rms 

(root-mean-square velocity) was obtained from: 

U rms 

2 E E ms = ------~ 
B n Un- 1 

where E is the root-mean-square voltage output from the anemometer. rms 

For interpretation turbulence measurements were divided by the mean 
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velocity at the height of the measurement. This result is the 

turbulence intensity U /U. rms 

3.2 Flow Visualization 

It is useful to observe flow patterns about the collectors to 

determine how loads are applied to the collectors or how an upstream 

fence deflects flow over the collectors to decrease loads. Titanium 

oxide smoke was released from sources within and upstream of the array 

field and a motion picture record was obtained of the flow patterns. 

This movie shows the separation around a collector, the turbulent and 

low velocity flow within the array field, and the effect of an upwind 

fence. An outline of the content of the movie is given in Table 1. 

3.3 Force and Moment Measurement 

Forces and moments applied to each metric unit were measured with a 

six component INCA strain gage balance. Only five of the six components 

(two forces and three moments) were measured. Each collector was fixed 

to the balance as shown in Figures 2 and 3. The balance was, in turn, 

attached to the turntable. In this way, forces and moments were 

measured with respect to a coordinate system referred to the collector 

and not to the flow direction. 

The strain-gage bridges of the force balance were monitored by 

Honeywell Acudata 118 Gage Control/Amplifier Units, which provided 

excitation to the bridge and amplified the bridge output. The signals 

were filtered by a 100 Hz low pass filter and amplified by a d.c. 

amplifier before being processed by the on-line data acquisition system 

described previously. Zeros and data were recorded for 3 minutes with a 

100 Hz sample rate. 
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Calibration of the force balance was performed before and after the 

study. Forces and moments were applied to the balance by dead weights 

hung from a knife edge ring. The balance had a linear response on each 

channel. Interactions between channels were small and were accounted 

for in the calibration. A check of the calibration was performed by 

applying known loads to a collector on the force balance in place in 

the wind tunnel. By using the calibration matrix, the loads were 

recovered within 3 percent. 

3.4 Force and Moment Coefficients 

Forces and moments measured on the collectors were converted into 

nondimensional coefficients to permit ease of scaling to full-scale 

forces and moments. The definitions for force and moment coefficients 

follow. Moments were transferred from the balance center of action to 

either the Xp' Yp' Zp axes at the collector pivot point or to the XB, 

YB, ZB axes at ground level. The lateral force coefficient is: 

F 
F = _x_ 

xP q S c 

where Fx is the lateral force, qc is the dynamic pressure O.SpU2 in the 

approach flow at the height HCL (height of the collector pivot) above 

the floor, and S = LC is a characteristic area of the collector. The 

lift force coefficient is 

FL 
F =-zp q S 

c 

where FL is the lift force. 

The rolling moment coefficient is the moment coefficient about the 

Xp axis , 
M 

M = xP 
xP q S C c 

where M~p is the dimensional moment about the Xp axis. 
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The yawing moment coefficient is the moment coefficient about the Z 

Mf 
M - z 

zp - q S C 
c 

where M1

Z 
is the dimensional moment about the Z axis. 

The pitching moment coefficient was calculated for the moment M~p 

about the Yp axis through the pivot point 

M' 
M = yP 

yP qc S C 

or for the moment M'yB about the YB axis at ground level 

M' 
MyB = q sY~ 

c 

Values of L, C, S and standard height HCL for each collector are 

outlined below: 

COLLECTOR NUMBER = 
Rim Angle 

Aperture C (inches) 

Length L (inches) 

Surface S (inches 2) 

Standard Height of Collector 
Centerline ref. to the floor, 
HCL (inches) 

HCL/C = KI 

Focal length dF 

Center of gravity position dG 

1 

2.80 

10.8 

30.24 

2.10 

0.75 

0.70 

0.26 

2 

2.92 

10.8 

31.54 

1.99 

0.68 

2.01 

0.09 

3 

2.94 

10.8 

31.75 

2.06 

0.70 

1.15 

0 .. 16 

4 

3.00 

10.8 

32.4 

2.55 

0.85 

0.43 

0.52 

For tests in which the height BCL of the collector above the ground 

was varied, qc for force and moment coefficient calculations was based 

on the velocity at the actual HCL used for the test. 
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Pitching moment coefficients with respect to the center of gravity 

G and to the focal point F of the collector trough were calculated. The 

notations are referred to Figure Sb. The force acting on the collector 

with the Xp - Zp plane is 

Uil! = jF2 + F2 
x L 

F x cos ex 
IIFII -

FL _ 
sin ex 

Ilill -

The pitching moment around the focal point F will be 

M' = M' -yF yP Ilill doF 

= H' yP IIi II dF sin (a + e) 

= H' -yP Ilill dF (sin a cos e + sin e cos ex) 

= HI -yP (FL dF cos e + Fx dF sin 6) 

Using the same development, the pitching moment around Gis: 

M'yG = M'yp - (FL dG cos e + Fx dG sin e) 
in terms of coefficients: 

M' 
H =-1f yF q SC c 

M' 
~ M G = SC Y qc 



4. TEST RESULTS 

4.1 Single Collector Loads 

The four different shapes of collectors, model configurations 1-4 

with varying rim angle, were tested alone to determine the effect of 

collector shape and to establish a baseline for comparison with array 

field tests. The first step was to determine at a height HCLjC ~ 1 and 

for approach azimuth ~ = 0, the pitch angle e for which the lift was max 

maximum. These data are shown in Figure 9 for the four collectors and 

are tabulated in Table 3. At this value of e and at e = 0, the max 

height of the centerline of each collector HCL was varied. These data 

are tabulated in Tables 4 and 5. Selected portions of these data where 

loads were larger are presented in Figures 10 and 11. The effect of 

collector height above ground is not dramatic in coefficient form with 

the most rapid changes in coefficients occurring for small spacing from 

the ground. Pitching moment about the ground level was most influenced 

by height effects as would be expected. 

In order to determine the effects of pitch angle e and yaw angle 

~ on the loads, a standard height of collector was selected (HCLjC = 

0.75, 0.68, 0.70 and 0.80 for collector configurations 1-4) and load 

measurements were obtained for a matrix of pitch and yaw angles. Yaw 

angle ~ (approach wind direction) ranged from -15° to +60° while pitch 

angle e ranged from -135° to +180°. The results of these tests are 

listed in Table 6. Selected portions of the data are plotted in Figures 

12 and 13. Several comments regarding these data can be made. The 

force coefficients are relatively insensitive to collector shape for 

~ = 0 (Figure 12a, b). Pitching moment depends somewhat on collector 

shape (Figure 12c, d), but trends to increasing or decreasing load with 
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curvature of collector are mixed. Yawing moments for varying pitch at 

~ = 0 (Figure 12e) were near zero as expected. Rolling moments for the 

same conditions (Figure 12f) should be zero, but showed moment 

coefficients from zero to 0.5 depending on pitch angle. Test loading 

during balance calibration did not show this behavior in rolling 

moment--the cause of these moments remains unexplained. It is doubtful 

that they arise from small imperfections in model shape. Lateral and 

lift forces became more dependent on collector shape at different yaw 

angles (Figures 13a, b, e, f). An explicit display of the effect of 

rim angle is shown in Figure 14. 

The coefficients obtained in the case of one collector only could 

be compared with the drag coefficient of a flat plate or a cylinder. 

In Table 6a (configuration 1) 

Fxp = 1.42 at 0 = 00 

Fxp = 1.06 at 0 = 1800 

The drag coefficient for a flat plate with the length greater than 

the width is 

if the plate is of finite length to width ratio. 

In our case, we have an intermediate case where the boundary can 

have some effects. 

At our range of Reynolds number, the drag on an infinite length 

cylinder is about 1.2 far from the ground and decreases somewhat for 

finite length cylinders to about 0.8 for length to diameter ratios 

similar to the LIC ratio of the collector used for this study. 

4.2 Array Field Loads 

Configuration 5 was formed by adding two collectors identical in 

shape to collector 1 as shown in Figure 6. The gap spacing G between 
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the center metric collector and the two outer collectors was varied in 

configuration 5 to find the optimum spacing to be used for load 

measurements on configurations 5-9. With the standard legs shown in 

Figure 4, it was not possible to obtain a gap spacing less than 

GIC = 0.54. Alternate legs were constructed which allowed a smaller 

G/C. Cardboard taped to this modified collector permitted gaps as small 

as GIC = 0.06 to be obtained. These data are shown in Table 7. The 

data for both sets of legs are shown in Figure 15. The discontinuity 

between the two collector types was probably due to the influence of the 

modified leg geometry. Very little influence of gap spacing on loads 

can be observed. A gap width of 0.54 was selected for the standard gap 

width for the subsequent collection of load data on configurations 5-9. 

In order to establish row spacing R for the collector array field 

studies (see Figure 6), row spacing values of RIC = 2.0, 2.5, and 3.0 in 

configuration 9 were used for selected data acquisition. These data are 

presented in Table 8. On the basis of these data in conjunction with 

evaluation by the sponsor of space required for collector access, a row 

spacing of RIC ~ 2.25 was selected for all further data collection on 

the array field. Figure 16 shows selected data from Table 8 and data 

from further tests on configuration 9 (Table 9) at a row spacing of 

RIC = 2.25. 

To determine the origin of the peak in the lift coefficient at 

RIC = 2.25, e = e shown in Figure 16b, a smoke visualization study max 

was conducted. The flow patterns were highly variable with time; 

however the essential characteristics of the flow could be observed 

and are shown in Figure 16c. High velocity flow was observed just above 

the collectors for all three row spacings, RIC = 2.0, 2.25, 2.5. In 
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addition, a tendency was observed for the high velocity flow to remain 

attached to the curved rear surface and to be pulled downward 

intermittently under the trailing collector. This tendency was 

observed to be stronger at RIC = 2.25 than for either RIC = 2.0 or 

RIC = 2.5. For RIC = 2.0, less quantity of high velocity flow was 

observed to pass under the edge of the trailing collector while for 

RIC = 2.5, the percentage of time when high velocity flow passed under 

the edge of the trailing collector was reduced as compared to the case 

at RIC = 2.25. This may indicate that short-duration lift loads at 

RIC = 2.5 could be much higher than the mean and comparable to short

duration lift loads at RIC = 2.25. With torque tubes attached to the 

collectors, no high velocity flow was permitted underneath the 

collectors--a distinct improvement over the case without torque tubes. 

A matrix of conditions varying wind azimuth ~ and pitch angle a 
were used to obtain loads on configurations 5-9 using a gap G/C = 0.54 

and row spacing RIC = 2.25. These data are tabulated in Table 9. While 

obtaining data on the various configurations, fences and berms of various 

heights were placed in front of the first row of the array at varying 

distances. Table 10 shows the fence heights FH/C and placements FS/C, 

collector pitch angle, collector configuration and force and moment 

data. For some cases, a 0.5 in. torque tube was attached to the back of 

the collector to determine its influence on the loads. Table 11 shows 

conditions for the study of effects of an upwind berm. Except for Runs 

300 and 302, all data on the influence of fences or berms were obtained 

with ~ = O. The influence of array field configuration and fences on 

selected loads is shown in Figure 17. These data indicate that loads 
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drop dramatically with either a single collector upstream or with a 

fence upstream. The influence of fence height is shown in Figure 17d. 

The loads with a torque tube attached to a single collector 

(configuration 1) were determined for a range of pitch angles at ~ = o. 

These data are shown in Table 12. A comparison of single collector 

loads with and without the torque tube is shown in Figure 18. The 

torque tube had some effect on the loads. The torque tube on a single 

collector decreased the lift at ± 6 and at 6 = ± 90° but increased max 

slightly the lateral force and the overturning moment MyB ' Increases 

in lateral force and overturning moment occurred at smaller values of 

the coefficients. Furthermore, it has been seen that in an array field, 

the torque tube creates a blockage on the first row, protecting the 

following row. Then the flow between two collector rows becomes 

stagnant. The presence of the torque tube showed moderate effects on 

array field loads (Table 10). 

Moments about the focal point, F, and center of gravity, G, 

are compared with moments about points P and B in Tables 13 to 21. 

Because variation of these moments with various independent variables 

(6, for example) includes other variables as well (height of point F or 

G), these data were not plotted. In many cases, differences in moments 

between P, F and G are small. 

Because of flow leakage into the force balance compartment during 

the initial stages of testing, small errors were introduced into the 

data. This problem was discovered and corrected after data on the first 

four configurations were obtained. A correction to the data was devised 

by rerunning some data on configurations 1 and 4 and calculating 

correction factors. Figure 19 gives an example of the correction 
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showing the original data uncorrected, the original data with the 

correction factor applied, and the rerun data with the leakage problem 

fixed. This factor is based on force and moments evaluated upon the 

force balance action point which is different from the pivot P. The 

correction appeared to work well. All data reported herein are 

corrected where corrections were required. 

4.3 Smoke Visualization of Fence Effect 

The previous section showed the dramatic decrease in loads which 

occurs when an upwind collector or wind fence is included. Figure 20 

shows flow visualization photographs which help to explain why this 

occurs. Figure 20a shows flow sweeping onto the lead collector without 

benefit of a wind fence. The collector sees the full effect of the wind. 

Figure 20b shows the low velocity, separated flow regime behind the lead 

collector which provides protection to downstream rows from the full 

force of the wind. In Figure 20c, a low fence of height FH/C = 0.36 is 

shown. This fence does not provide significant protection; the wind 

flow is deflected upward somewhat, but still impinges on the lead 

collector. Figure 20d shows a porous fence of FH/C = 0.71. Here the 

low velocity region behind the fence is just higher than the collector, 

even though the fence height is smaller than the collector height. As 

shown in Figure 17d, this height fence provides almost maximum decrease 

in lift or lateral force for zero or negative pitch angles. For positive 

pitch angles, a slightly higher fence may be required to provide maximum 

load decreases, since the top of the collector would be at a higher 

elevation. 
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4.4 Calculation of Full-Scale Loads 

The force and moment coefficients presented in this report can be 

used to determine corresponding forces and moments on full-scale 

collectors of the same geometry and field array configuration in an 

open-country environment. This is possible because the force and moment 

coefficients are constants as long as the Reynolds number is sufficiently 

high (see Chapter 1). Full-scale forces and moments can be determined by 

multiplying the coefficients by values of q , Sand C appropriate to the 
c 

full-scale environment as demonstrated below by an example. 

Consider a single exposed collector 6 ft wide and 22.5 ft long (C = 

6 ft, L = 22.5 ft) at sea level exposed to a quasi steady wind U30 of 

30 mph at 30 ft elevation in an open country environment (0.14 exponent 

power law profile for mean velocity). The shape of this collector is 

assumed to be similar to configuration 1 ($ = 90°), with a height of the 

centerline such that: HCLIC = 0.75. It is desired to calculate the 
I 

lateral force F in the X direction and the pitching moment Myp about the 

rotation point of the collector from the force coefficient Fxp and moment 

coefficient Myp for zero pitch angle (8 = 0) and zero wind angle (~ = 0). 

From the equations for force and moment coefficients (section 3.4) 

F = q S F P x c x 

q S F P c z 

q SCM P c y 

From Table 6, for configuration 1, wind azimuth = 0, pitch angle = 0: 

Fxp = 1.42 

Fzp = 0.39 

Myp = -0.14 
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From the collector size: 

L = 22.5 ft, C = 6 ft 

S = LC = (22.5 ft)(6 ft) = 135 ft2 

HCL = 0.75 C = 0.75 (6 ft) = 4.5 ft 

To determine q : 
c 

_ 2 
qc - 0.5pUHCL 

(qc = 0.00256 U~CL if UHCL is 

foot, see ref. 8) 

in mph and q is in pounds per square 
c 

Using a mean velocity profile with a 0.14 power law, 

UHCL = U30 30 ft 
(

HeL ) .14 

_ (4.5 ft). 14 - 30 mph 30 ft = 23.0 mph 

Thus qc = 0.00256 (23.0)2 = 1.35 psf. 

The forces then become 

F = q S F P = (1.35)(135)(1.42) x c x 

Fx = 260 Ib 

FL = (1.35)(135) 0.39 

FL = 70 Ib 

M' = q S CM = (1.35)(135)(6.0)(-0.14) yp c yp 

M~p = -150 Ib ft 
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The moment arm of the force from the pivot point is: 

~z =I~I 
T F 

where IIFII = JF~ + r£ 
= J260

2 + 702 

= 270 Ib 

~ = 150 Ib ft = 0 56 ft 
T 270 Ib . 



5. CONCLUSIONS 

Wind forces acting on parabolic trough solar collectors were modeled 

in a boundary-layer wind tunnel in which atmospheric winds were simulated. 

Wind loads were measured on four collectors with different rim angles. 

Loads were also obtained on several array field configurations including 

wind fences. 

The following conclusions can be drawn: 

1. Maximum lift on a single collector occurs for negative pitch angles 

(collector pointed downward) and occurs at different pitch angles 

for different rim angles. 

2. Maximum lateral force on a single collector occurs for wind directly 

into a collector at zero pitch angle. 

3. Maxima in pitching moments on a single collector tended to occur 

at more than one pitch angle. 

4. Collectors downwind of other collectors showed large decreases in 

wind load. 

5. Wind loads on a collector in an array field directly exposed to 

winds decreased dramatically with inclusion of an appropriately 

designed fence upwind. 

6. Gap spacing between collectors in a row did not affect collector 

loads significantly. 

7. Row spacing in an array field had a slight influence on collector 

loads especially at the pitch angle which gives maximum lift. 
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Figure 3. Collector mounted on force balance. 
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Figure 7. Array field in the wind tunnel. 
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Figure l2f. Variation of single collector loads with pitch 
angle for HCL/C=K1, $ = 0 (configurations 1-4). 
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Figure 19. Effect of applying correction to collector 1. 
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(a) 

(b) 

Figure 20. Smoke visualization of upwind barriers. 
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(a) 

(b) 

Figure 20. Smoke visualization of upwind barriers. 
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(c) 

(d) 

Figure 20 (continued). 
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(c) 

(d) 

Figure 20 (continued). 
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Table 1. MOTION PICTURE SCENE GUIDE 

WIND 
RUN #I DIRECTION CONFIGURATION PITCH FENCE BERM 

1 General prese tation of the array and the ~ind tunne 

2 0 9 0 3-in. no 
fence 

3 30 9 0 3-in. no 
fence 

4 0 9 0 no 2-in. 
berm 

5 0 6 0 no no 

6 0 6 0 I-in. no 
fence 

7 0 6 0 2-in. no 
fence 

8 0 6 0 3-in. no 
fence 

9 0 6 -60 2-in. no 
fence 

10 0 6 120 2-in. no 
fence 
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Table 2. VELOCITY AND TURBULENCE INTENSITY PROFILE 

EXFOHENT = .1546 UMAX = 80 53 

DHTA HEIGHT UMEAH U-RMS TURB INT 
POI~~i IN FPS c:oc 

fl·.' PERCENT 

1 .50 33.45 7 . '5€· 2().6~ 

2 .'8 44.'3 8.374 13.76 
3 1.4' 48.81 '.033 IS.51 
4 2.~2 52.33 8.193 15.66 
5 2.51 52.30 8 . 1 S7 15.65 
6 3.~i 55.36 7.242 13.(JB 
7 3.50 55.86 7.4" 13.37 
8 4.~1 58.2£ 7.817 13.42 , 4.51 5'.81 7.665 12.82 

10 5.00 59.83 7.714 i2.a~ 
11 6.00 6().61 6.892 11.37 
12 7.Q1 , 1 .77 '.532 10.57 
13 S.OO 64.53 6.881 10.6E· 
14 '3 . t,) 1 64.35 7.432 11 .55 
15 1 t.) CO 67.05 6.558 ~.78 
1& 12.01 '5.'7 5.998 '3 . 13 
17 1'.03 ".55 '.67~ 9.60 
1 B 2()."6 72 . 12 6.20 S.b1 
1~ 25.05 75.44 5 . 135 , . S 1 
20 3~.(J4 75.&0 5.226 '.91 
21 35.00 78.41 3.~57 5.05 
22 3'3.93 79.97 3.585 4.48 
23 44." 80.53 3 . 113 3.87 



Table 3. DETERMINATION OF emax FOR CONFIGURATIONS 1 .. 4 

DATA FOR THE SANDIA PARABOL!C COLLECTOR FORCE AND MOMENT COEFFICIENTS FILE-HAKEI MDPIMI 

CONF' IGURATl ON t C := 2.ao L ::;; lQ .. i3Q 1t~CHES DETERMINATION OF THEtA MAX,COLlI! 

PITCH HCl/e F'KP FZP I'1XP HYP tlZP PITCH Helle FXP f'ZP "1;P MYP f1ZP 

t' . 1.01 1. 51 .1)3 .27 - .31 ".13 "~O t . 1~3 .74 1 .83 .4' ... ()7 -.v8 
-15. 1.03 1 4' .46 .21 -.41 ".15 "'5. t . '.)3 .59 1 9 1) .:3 i -.. ." ".07 
-39. 1.03 1. 2' .'7 .33 -.34 ", (Hi ··7tJ . 1. OJ .52 1 .7' .45 -. 12 -,(14 
~45. 1.03 1. (14 1. 33 .24 - . 13 .. 1 (.t .. 75. t. 03 .41 1 61 .23 -, i), . ()4 

-54. 1 03 ." 1. 47 47 -.21> - . 11 .,.,. LQ3 .3r .tn .17 ".32 .•. 1 (I 
-55, 1 .03 . so 1. 65 47 .02 ... 13 --1 (15 . 1.03 .38 .09 .03 ",2' -.IJ5 

-f20 1 . \')3 ... , .01 -. "3 ". J2 ". (12 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AHD nOHENT COEFFlClENTS fILE~HAME: 1'10Pl"2 

CONFIGURATION 2 C := :Lnl L := to.So INCHES OETERHIHATIOH OF THETA MAX,COLlIZ 

PITCH HCLIC FXP FZP MXP MY? HZP PITCH HCl/e FXP 'FZP MKP MYP HZP 

4. ." 1. '6 .03 .03 -.24 ~ , 15 -10. ." ,50 1 .?6 .35 .05 -.03 
-15. ." 1. 43 .51 · 13 -.21 ".03 ,,75 _ ." .35 1 . ." .4' .01 -.43 
-30. ." 1. ! l .8& .27 .03 -.01 -80. ." .23 1 . 54 .34 -.03 -.0' 
-45. ." .8' 1. 20 2' .0' ~.(i3 -fJ5 ." .17 1 . 26 .21 -.05 ~.()3 -'o. " .75 1. 55 .42 -.07 -.11 -'o. ." . 10 .'9 .20 -.07 ".1l 
-is. " .65 1.62 .36 - .11 .. t')4 -145. " .25 - .16 -.01 -.22 .02 

....... 
00 

DATA FOR THE SANDIA PARABOLIC COllECTOR FORCE AND HOHENT COEFFICIENT~ FILE~NA"el "DP1"3 

CONfIGURATION ;, C • iL'4 L := 14.8(1 INCHES O£lERHIHATtOH OF THETA "AX,~OLL'3 

PITCH HeLIe FXP FZP ",xp 'PiP HlP PITCH HCl/e F)CP FZP ttXP Plyp "lP 

O. .'8 1. " 
.03 .03 -.24 -.15 -6' . '8 .61 1 .82 .3' -.02 -.10 

-15. ." 1. 46 .51 · 13 -.32 ".17 -70. ,'8 .51 1 . 88 .44 -.14 - . 13 
-30. .tS 1. 18 .95 .2' - ~ 1 a -.Q5 -75. .'9 .:is 1 . a 1 .2' -.04 -'.02 
-45. ." .'4 1. 2(1 .2' -.07 - 06 •. SO. .'8 .2' 1 .6'1 .42 -.07 -.0' 
-'0. ." .75 1. 61 .35 - os -.11 -'0 .'8 .17 1 . 25 .26 -.14 ".03 

-lOS. .'8 .27 .14 .~s -.21 -.07 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FoRCE AND "O"E"T COEFFICIENTS FILE~NA"El HDPIM4 

CONFIGURATION .. C .. l.OO L .. 10.80 INCHES OET,a"IHATION OF THETA "AX,COLL •• 

PITCH HCLIC fX' FZP "XP flYP HZP PITCH HCl/C fXP FZP ttKP IIY' IIZP 

4. .'6 L 61 -.10 .04 -.35 -.03 -55. .'6 .72 1.17 .26 -. 11 -.1>2 
-i5. .t6 1. 43 .30 · t.(; -.20 ".01 "&0 ." ." 1. 17 .2' -.17 ~.(j8 

-30. .'6 1. 2' .77 .20 -.31 -.(.12 -70. .'6 .55 ." . 2' -.17 .07 
-45. .~, .at i. 10 .23 -,08 .01 -75. ." .55 89 .22 -.25 ".02 
-5(1. ." 76 1. 1(.1 .24 - ,14 ",(J6 "0. .~6 .54 .62 .05 -.3' -.43 

-1 tJ5 , ." .54 .69' . 1 9' -.39 -.03 



Table 4. EFFECT OF HEIGHT HCL ON SINGLE COLLECTOR LOADS AT 

e = O~ 1{J = 0 FOR CONFIGURATIONS 1-4 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE RND MOMENT COEFFICIENTS FILE-NAME: MDCOMI 
CONFIGURATION 1 C III 2.80 L = 10.80 INCHES HEIGHT EFFECT AT THETA=O,COLLtl 

PITCH HCL/C FXP FZP I1XP MYP HlP PITCH HeL/C FXP FZ? ttK? !'IYP f1ZP 
Q. .67 1. 48 .10 .(19 -.55 ".05 O. 1 . () 3 1 .52 .10 -.03 ".21 ... () 8 
() . .71 1. 40 ,02 .04 -.25 -.01 (I. 1. 25 1 .48 .03 .03 -.07 -.Ol 
t.) . .80 1. 53 . 1 (I -.04 -.34 - . 13 Q. 1. 61 1 .50 .03 · i 3 -.20 -.02 
(I. .8' 1.48 .10 .0' - .14 - . 13 Q. 1. 96 1 .54 .03 .13 -.4' - . 11 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND MOMENT COEFFICIENTS FILE-NAME: I1DCDM2 

COHFIGURATION 2 C III 2.92 L = lQ.SO IHCHES HEIGHT EFFECT AT THETA~O/COLL.2 

PITCH HCLtC FXP FZP "XP M'iP JIIlP PITCH HCl/e FXP FZP t1XP !'IVP "ZP 
0, .6. 1. 37 .1() .10 - .18 -. t 2 O. .9' i .56 .()3 .03 -.24 - . 15 
O. .68 1. 40 .02 - .1' -.05 - .15 O. 1. 20 1 .45 .03 .03 - . 19 -.05 
O. .11 1. 4' .02 .03 -.20 -.01 O. 1. 54 1 .4Q .09 .07 -.14 -.07 
O. .86 1.45 .02 .03 - .15 -.05 O. 1. 88 1 .48 .03 .12 -.45 ".10 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND "OI1ENT COEFFICIENTS FILE-NAI1E: MDCD"3 ""'"'-J c..o 
COHFIGURATION :3 C .. 2.'34 L = 10.eo INCHES HEIGHT EFFECT AT THETA=O/COLL':3 

PITCH HCLIC fXP FZP I'IXP MYP tlZP PITCH HeLIe FXP FZP I1KP MYP I'IlP 
O. .64 1. 31 .18 .15 - . 17 -.08 O. .'8 1 .50 .03 .13 -.2' -.02 
O. .68 1. 45 .02 .04 -.26 -.20 O. 1. l' 1 .56 .16 · 11 -.29 -.11 
(I. .77 1. 45 .02 .03 - .10 -.01 O. 1. 53 1.43 .03 .13 -.18 - . 10 
O. .85 1. 51 .03 .OJ - . 18 -.09 O. 1. 8? 1 .46 .OJ .12 -.29 -.10 

DATA FOR THE SAHDIA PARABOLIC COLLECTOR FORCE AND "OMENT COEFFICIENTS FtLE-NA"Et I'IDCD"4 
COHFIGURATIOH 4 C III 3.()0 L .. lO.80 INCHES HEIGHT EFFECT AT THETA~O~COLLI4 

PITCH HCL/C FKP FZP I1XP I1'iP HZP PITCH Hel/C FXP FZP I1KP "VP "lP 
.) . . 63 1. 34 .10 -.03 - .18 -.00 O . .96 1 . '1 - .10 .04 -.35 -.03 ., . .67 1.37 .1(1 . .,s -.24 -.04 O. 1. 17 1. 62 .03 · 1 1 -.25 .01 
fl. .15 1. 52 - . 11 .05 -.49 -.Og Q. 1. 50 1 . '2 .03 .1 Q -.27 ,00 
(). .83 1. 57 -.1' .10 -.35 -.06 O. 1. 83 1.56 .0' .22 -.32 -.02 



Table S. EFFECT OF HEIGHT HCL ON SINGLE COLLECTOR LOADS AT 
e max' I/J = 0 FOR CONFIGURATIONS 1-4 

DATA FOR TW£ ~ANDIA PARAQOLIC COLL£CTOR ~ORC' AND MOM,NT CO'FFICl£NT~ 1=1L&:-NAH': "DeLHI 

CONFIGURATION C :: 2.80 L = 10.80 INCHES HEIGHT EFFECT AT THETA "AX,COLLI1 

PITCH HCL/C FXP FZP PlXP "'(P "lP PITCH HCllC FXP FZP "XP "yp "lP 

-6~. .67 .46 1. 7~ .34 .02 .04 -is. 1 . Q3 .53 1 . '0 .43 .O~ -.03 
-65. .71 .45 1. 64 .29 .12 -.08 -'5. 1 .25 .52 1 .95 .48 . 13 -.14 
-65. .80 .50 1. 92 .56 .03 -.00 -65. 1 . 61 .!52 1 . '2 .44 . 1 1 .04 
-65. .89 .47 1. 7' .48 .07 - . 11 -65. 1. '36 .57 2.00 .48 .00 - . 10 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND "O"ENT COEFFICIENTS FILE-NAI'tEi PlDCLf'l2 

CONFIGURATION 2 C :: 2.92 l = 10.S0 INCHES HElGHT AT THETA PlAK,COlLI2 

PITCH Hel/C FXP FZP .0CP "yp HZP PITCH HCl/C FXP FZP flKP "YP flZP 

-7~. .64 .33 1. 76 .37 .14 .12 -75. ." .34 1 . 68 .31 .07 -.03 
-75. .bS .32 1.73 .J7 .13 . 00 -75 . t. 03 .39 1 .73 .36 .01 - .16 
-75. .77 .31 1. 74 .42 . 1' - .10 -75 . 1 .20 .32 1 .65 .35 .Hi - .12 
-75. .86 .36 t .68 .3' .04 .07 -15. t. 54 .40 1 .65 .40 -.01 - . 17 

-15. 1.88 .33 1 .67 .36 .15 -.04 
00 
0 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE ~ND "O"ENT COEFFICIENTS FILE-NAI'tEI MDCL"3 

CONFIGURATION 3 C :: 2.94 L = 10.80 IMCHES HEIGHT EfFECT AT THETA "AXICOlLI3 

PITCH Helle FXP FlP PlXP PlYP PlZP PITCH HCl/C FXP FZP PlXP PlYP PllP 

-70. .64 .6' 1. 43 .27 - . 13 -.02 -10. .'8 .75 1 .61 .46 -.08 - .11 
-70. .68 .71 1. 49 .32 -.07 - . 17 -70. 1.19 .76 1 .65 .41 - . 11 -.04 
-('Q. .77 ." 1. 58 .40 -.05 -.05 -70. t .53 .80 1 .7'7 .54 -.16 -.0' 
-70. .85 .18 1. S4 .38 - . 15 - . 12 -7Q. 1. 81 .83 1 ., 1 .38 -.1' -.06 

DATA FOR THE SAHDIA PARABOLIC COLLECTOR FORCE AND "O"EHT COEFFICIEHTS FILE-MAttE: PlDCL"4 

COHFIGURATIOH 4 C = 3.00 l • 10.80 INCHES HEIGHT EFFECT AT THETA "AX,COllI4 

PITCH HCL/C FXP FlP t1XP t1VP HlP PITCH HCl/C FXP FZP HXP "YP PllP 

-5S. .83 .62 .7' .24 - .1 (I . 03 -55 . t. 1? .74 1 .4' .31 -.02 .05 
-55. ." .66 1. 1 (' .28 .00 .01 -55. 1. 50 .86 1 .62 .52 - . 16 .02 

-55. t .93 .35 1 . sa .45 - • I~ 7 - • I~ 1 



Table 6a. MATRIX OF SINGLE COLLECTOR LOADS AT HCLIC ::: KI (CONFIGURATION 1) 

DATA FO~ THE SANDHI PARASOL It. COLLECTOR FORCE AND "OnEN! COEFfICIENTS FILE-NAME: /'tDeOll 

COHFIGURAT10H 1 C :: iL$';I() L:::: !O.SO INCHES ONE SINGLE COllEC10R,RIM AHGlE=90 

WIND PITCH FXP F ZP f1XP t1't F' M2P WIND PITCH F:~ F' F2'F' !'H:P Ii"'!) /ltZP 
AZUl. ANGLE A 2 It'!. ~HI G L f 

O. 0.00 1 .0$2 .:;:1 .22 - . l.1i -.05 30.-60."'0 .55 1 .82 .7v . 1 9 - . 1 ~ 
G.-iS.OO 1. 35 .80 .2~ -.20 - . 10 3o. btj.OO .73 -.95 · 1 '; -. 12 -.27 
O. 15.00 1. 45 -.05 .23 - . 18 -.02 30.-'5.00 .52 1 .80 .71 -.01 -.21 
0.-30.00 1. i 1- 1. 04 .34 - . 12 .05 30. 6S. ,jo .13 -.89 .07 -. i ':l -.30 
O. 30.00 1. 42 -.44 .23 -.22 -.05 30. -7!5. (j0 .37 1 .52 .58 -.09 -. 1 ~ 
0.-45.00 .~2 1. 46 .51 - . 11 -.03 3() . 75.00 .50 -.55 - . 13 .OS -.15 
O. 45.00 1 .26 -.86 .26 -.30 -.05 30.-9v.OO .25 1 .0'1 .47 -. 13 - . 1 () 
0.-60.00 5S. t. '7 .... , .12 .01 30. '0.00 .30 .17' .13 .20 - .18 
O. 6().OO .85 -1.08 .30 - .1' -."4 30.-135.0 .54 .24 -.05 -.24 -.20 
O.-6S.00 .5<1- 1 .92 .46 .09 -.05 30.135.00 .8? .73 .44 .OS -.32 
Q. 65.00 .77 -.~3 .33 - .12 - . 1." J~.HH).OO 1 . (16 .2~ .14 -.22 .... 30 
O.-?5.00 .38 1. 57 .28 -.06 -.07 45. Q.OO 1 .23 .30 .29 -.05 -.44 
O. 75.00 .51 -.41 .36 .O~ -.04 45.-t.5.00 .51 1 .71 .57 -.47 .()2 
0.-90.00 .35 .85 .23 -.30 -.07 45. 65.QO .55 -.65 · 1 1 -.OS -.22 

00 O. 90.00 .34 .49 .09 .14 .... 1 1 "5.H~I.).()O 1 . 11 .27 · 1 b -.29 -.64 
0.-1,35.0 .54 .30 .01 -.31 -.09 '0. () . 00 .98 2" .26 -. l' -.53 ~ 

• t 

0.135.00 .8t .62 .24 .15 -.03 "0.-15.(10 .S8 .64 .52 -.09 -.48 
0.180.00 1. 06 .33 .18 - . 14 .07 6o. 15.QO 1 . 13 -.05 .02 -.52 -.44 

-15. 0.00 1. .. t .39 · 18 - .16 . 1 0 '0.-30.(10 .73 .91 .53 -.06 -.35 
-15.-65.00 .48 1. 84 .37 .03 .07 60. 3().QO .91 -,30 .06 -.27 -.48 
-15. 65.00 .7' -.'3 .11 -.26 .17 '0.-45."'0 .49 1 .07 .56 .05 -.23 
-15.180.00 1.00 .32 .19 -.07 ,09 '0. 4S.QO .'3 -,35 .01 -.22 -.31 

15. o.OQ 1. 45 .35 .34 - .17 - . 17 60.-6(1.()(J .31 1 . 12 .34 .01 - .19 
15.-65.0(.1 .51 i .96 ., i .(>5 - . t 5 6O, bf.).OO .40 -,34 .08 - . t () -.23 
15. E.5 .00 .75 -.96 · to -.08 -.22 .,O.-65,(}O .24 1 . 11 .49 .04 -.20 
15.180.0(} 1. 1 (I .29 .16 - .19 -.22 60. 6S.0t) .32 -.26 -.05 -.04 - . 14 
30. 0.00 1. 42 .35 · 12 -.21 -.40 60.-75.00 . 18 .95 .35 -.03 -.21 
30.-15.00 1. 34 .76 .46 - . 12 -.3t ';0. 75.QO .25 - . 18 -.02 -.01 -.1 () 
30. 15.00 1. 41 -.11 .04 -.20 -.42 'O.-~t).(lO . 17' .78 .43 -.20 -.07 
30.-30.00 1. t 8 t . Ole .4~ -.07 -.35 (,0. 90.()Q .20 .21 .24 .04 -.09 
30. 30.00 t.33 -.36 · 16 -.23 -.40 '0.-135.0 .34 .17 .0' -. 12 -.24 
30.-45.00 .95 1.48 .68 -.03 -.23 '0.135.00 .'1 .70 .43 . 12 -.35 
30. .. 5.00 1. 20 -.84 .01 -.32 -.44 'O.lS(),OO .82 28 .13 -.12 -.60 



Table 6b. MATRIX OF SINGLE COLLECTOR LOADS AT HCLIC ::; KI (CONFIGURATION 2) 

DATA FOR THE SANOIA PARABOLIC COLLECTOR FORCE AND "O"ENT COEFFICIEHTS FILE-HA"E: "DCOL2 

CO"FIGURATION 2 C :: 2.'2 L = lQ.SQ INCHES ONe SINGLE COLLECTOR/RIft ANGLE-4Q 

111"0 PITCH fXP FlP "XP "yp "lP WIND PITCH FXP FZP "XP "yp "lP 
AZI". ANGLE All". ANGLE 

O. 0.00 1. 43 .32 .11 -.26 - .10 30. 45.00 1 . () 1 -.56 -.01 -.1' -.52 
0.-15.00 1. 2' .62 .23 - .13 -.02 30.-6(1.1)0 .63 1 .73 .72 .1J7 "'.1' 
O. 15.00 1. 35 -.06 .13 - .12 -.06 30. 60.00 .68 -.72 -.09 -.23 .... 16 
0.-31J.1J1J L IJ' .9? .28 -.06 -.1J3 31J.-75.00 .22 1 .62 .54 .20 -.07 
O. 30.00 1. 30 -.37 .08 -.24 -.07 30. 75.00 .25 -.. ' .03 -.10 -.08 
0.-45.00 .84 1. 2!t .33 .08 -.03 30.-90.00 -.00 l . 01 .33 .13 -.1' 
O. 45.00 1. 11 -.65 .1' -.21 -.06 30. '(1.00 .0' .32 .23 .15 ... 10 
0.-60.00 '3 1. '1 .41 .08 . ° 1 30.-135.0 .77 - .2·' -.09 -.15 -.20 
O. 60.00 .75 -.80 .16 - .17 -.07 30.135.00 .'2 1 .2' .57 .01 .... 27 
O.-75.0() .27 1. 9~ .43 .16 -,o, lO.18Q,()O 1 . 16 . i 9 . j 2 -.09 .... 23 
O. 75.00 .2'. -.67 .14 -.11 -.01 45. 0,00 1 .32 .35 .18 -.24 ....47 
0.-90.00 .06 1. 02 .28 .01 .02 45.-75.J)O .22 1 .32 .4' .01 ... 11 
0. ,o.00 . 1 1 . 10 .07 .15 -.02 45. 75.00 .22 -.25 .04 -. J 5 - .16 
0.-135.0 .79 -.32 .05 - . :11 .01 45. i SO. 00 1.17 .29 .34 -.27 -.54 ~ 0.135.00 .'0 1. 1? .35 .03 -.07 6O. ().oo .96 .30 .23 -. t 8 ,-.52 
0.180.00 1. 2' .13 .OS - .16 -.03 '0.-15.00 .94 .56 .31 -.13 -.49 

-15. 0.00 1. 30 .33 .16 -.02 .16 (,0. 15.00 .'7 -.01 .0' -.23 -.47 
-15.-75.00 .29 1. 12 .24 .10 .04 '0.-30.00 .89 .90 .52 -. 11 ........ 
-15. 75.00 .34 -.61 .16 -.23 -.05 '0. 30.00 .83 - .14 .02 -.23 ".41 
-15.180.00 l. 28 .13 .19 -.24 .05 ,o.-45.00 .'5 1 .15 .59 .03 -.23 

15. 0.00 1. 45 34 .28 -.22 - . 14 '0. 45.00 54 -.27 .07 -.14 -.30 
15.-75.(10 .26 1. 77 .48 .14 -.02 60.-60.00 .33 1 . i 6 ... , .08 ".10 
15. 75.00 .34 -.61 . t 2' -.22 -.01 60. 60.00 .30 - . 18 -.03 ... l' -.20 
15.180.00 1. I' .17 .09 - . 1O ... 17 '0.-75.00 . 14 .92 .40 .... 00 -.06 
30. 0.(1) L 31 .36 .24 -.04 -.20 6O. 75.00 , 11 -.05 .0' -.1)3 - .13 
30.-15.00 L 29 ." .35 -.05 -.24 'O.-C)O.OO .01 .55 .26 .00 -.00 
30. 15.00 1. 35 -.03 ... 00 -.20 -.30 '0. '0.00 .06 .31 .19 .02 .00 
30.-30.00 1. 07 1. 01 .42 -.04 -.30 60.-135.0 .47 -.05 .01 -.15 -.25 
30. 30.00 1. 22 -.32 .11 - .17 -.35 60.1 3S . 00 .70 1 .06 .53 .Ol .... 30 
30.-45.00 .89 1. 38 .56 .05 -.23 '0.180.00 .96 .22 .22 -. 14 ".52 



Table 6c. MATRIX OF SINGLE COLLECTOR LOADS AT HCLIC = KI (CONFIGURATION 3) 

DATA FOR THE SAHDIA PARABOLIC COLLECTOR FORCE AND HOHENT COEFFICIEHTS FIlE-NAHE: I'tDCOl3 

CONFIGURATION 3 C 2.'4 L z 10.80 INCHES ONE SINGLE COLLECTOR;RIM ANGLE=6S 

WINO PITCH FXP F2P I'lXP t1VP HlP WIND PITCH FXP FZP rH~p M'l'P f'lZP 
A21H. ANGLE AZU! ANGLE 

O. 0.00 1. 44 .4() · 1 B - . 1 9 -.0' 31) -6 tj. 00 be' 1 .78 .6S .06 2 .-. · ... -. .:. 
0.-15.00 1. 31 .69 .23 - .1' -.04 30. 60.00 .78 -.'4 .06 -.2' -.24 
O. 15.00 1.40 -.05 · 14 - . 16 -.02 3').-?(I.OO .3~ 1.76 .6J .Q3 - .18 
0.-30.00 1. 11 .96 . 45 -.07 -.04 30 . 7Q.QQ .48 -.81 · 1 7 -.21 - . 16 
O. 30.00 1. 38 -.36 .22 -.21 - . 12 30.-75.00 .27 1'.70 .60 .OJ - .15 
0.-45.00 .82 1 . 34 . 42 01 -.01 30 . 75.(10 .3' -.74 · 1 1 -. 13 - .13 
O. 45.00 1. l' -." .21 -.22 -.00 30.-9().OO .(18 1 .15 .51 .00 - . 1 (I 
0.-6().OO .67 1. 78 .3' .03 -.01 l(). '0.00 · 18 -.02 .07 . 14 -.05 
O. 60.00 .83 -! .05 .34 - . 17 .Ot 30.-135.0 .73 -.i1 .03 -.33 -.21 
0.-70.00 .3' 1. " 

.49 .13 -.0' 30.135.00 .'2 1 .06 .48 -.05 -.32 
O. 70.00 .~, -1. 04 .29 -.25 -.05 30.18(1. (10 1 . 14 .22 .14 -.22 -.2Ss 
0.-75.00 .22 1. 83 .4E- .20 -.02 45. () . 00 1 . 31 .33 .18 -. 16 -.44 
O. 75.00 .44 -.94 .42 -.08 .08 45.-]d.00 .32 1 .46 .56 -.02 -.12 
0.-90.00 .17 1.33 .31 - . 13 -.06 45. 7'.).00 .35 -.56 .08 - . 11 -.03 
O. 90.00 .t7 -.07 09 .18 .01 45.iB().()0 1 . ()() .17 .OS - . 11 -.38 00 
0.-135.0 .68 - . 11 · 14 - . 19 -.0' '0. 0.00 1 . (18 .41 .32 -.28 -.59 \.N 
0.135.00 .83 .96 .. 34 .10 -.04 '0.-15.00 .93 .59 .35 -.OS -.43 
0.180.00 I. 17 .22 .24 - .12 -.01 '0. 15.00 1 . 01 -.03 .()7 -. l' -.5e. 

-15. 0.00 1. 40 .39 OEo -.22 06 '0.-3(1.()O .80 .92 .43 -.07 -.35 
-15.-70.00 .41 1 8S .23 08 (l<) 60. 30.(JO .88 -.23 ot -.20 -.44 
-15. 70.00 .57 -.<)5 4" -.28 .07 '0.-45.00 .'3 1 .17 .51 -.04 -.23 
-15.180.00 I. 24 .25 .22 - .13 . 12 60 . 45.00 .(,5 -.37 .04 -.22 -.33 

15. 0.00 1. 4' .38 .21 -.2() - . 19 60.-6(1.00 .33 1 .15 .52 .05 -.15 
15.-70.00 .47 1. ge. .55 .02 -.04 (,0. 6(1.00 .34 -.29 .07 - . 14 -.2¢ 
t5. 70.00 .62 -1.00 .15 -.37 -.19 'O.-7().OO · 18 1 .01 .47 .06 - .12 
15.180.00 1. 25 .20 .23 -.32 -.28 60. 7(). ,H> .25 - . 19 .0<) -. 15 -.08 
30. O.OQ 1. 3' .45 .29 - .12 -.39 60.-7S.()() · 13 .94 .42 .04 -.06 
30.-15.00 1. 3~ . 71 .34 -.23 -.26 60. 75.00 · 16 - . 10 .01 -.05 -,10 
30. 15.00 1.3 -.O, .10 - . 17 -.35 '0. -'hI. (10 .05 .65 .23 -.04 -.03 
30.-3Q.OO 1. 20 1 .00 52 - . 12 -.31 1;0. 9() (10 · 14 .2" · 23 -.00 - . 12 
30. 30.00 1. 21 -.31 · 14 - 16 -.26 ';0.-135.0 .41 -.04 -.02 -.18 -.25 
30.-45.00 ,92 1. 36 .45 -.07 -.23 60.13'.QO .72 .87 .46 -.02 -.34 
30. 45.00 I. 08 -.6' -.(13 - . 17 -.29 '0.18~).(l0 .94 .26 .13 -. 18 -.54 



Table 6d. MATRIX OF SINGLE COLLECTOR LOADS AT HCLIC = KI (CONFIGURATION 4) 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND MO"ENT COEFFICIENTS FILE-NAME: "DCOL4 

COHFIGURATION ... C ;a 3.00 L = 10.S0 INCHES ONE SINGLE COLLECTOR,RIM AHGLE=12O' 

UIHO PITCH FXP FZP JIIXP JII'(P HZP WIND PITCH FXP FZP HKP JII,(P J112P 
AZI". ANGLE AZUl. ANGLE 

O. 0.0'0 1.55 . 18 · 14 -.36 -.0' 30.-5'.00' .65 1 .26 .43 -.06 -.22 
0.-15.00 1. 32 .63 .25 -.2' -.0' 30. 55.00 1 .07 -.69 .13 -.12 -.37 
O. 15.00 1. 6O -.23 .14 -.26 -.11 J().-6~'.()O' .67 1 .37 .51 -.14 -.22 
0.-30.00 1. 13 1. 10 .28 - .19 -.07 30. 6().OO .99 -.57 -.01 -.02 -.32 
O. 30.00 1. 53 -.71 .21 -.36 -.04 30.'-75.00' .60' 1 .0'9 .40 -.33 -.22 
0.-45.00 .80 1. 25 .21 - .12 -. ° 1 30 75.00 .78 -.23 .01 . 12 -.46 
O. 45.0(J 1. 35 -.98 .30 -.34 -.06 30.-9\' ()O .55 .91 .46 -.45 -.31 
fl.-55.00 .65 1. 23 .30 -.O, . 03 30 . go.oo .64 .28 .00 .28 -.38 
O. 55.00 1. 22 -.83 .28 - .13 -.04 30.-135.0' .50' .79 .12 -.44 - . 18 
0.-60.00 .61 1. 26 .l? -.23 -.04 30.135.00 .88 -.07 .32 .28 -.32 
O. '0.00 1. 04 -.61 .2? .0'8 -.05 30.18(}.OO' .'1 .32 .24 -.0' - .1' 
0.-75.00 .58 .93 .24 -.34 - . 11 45. 0.00 1 .33 .22 .22 -.26 -.57 
O. 75.00 .'7 -.07 .09 .15 -.04 45.-55.00 .64 1 .21 .47 -.15 -.27 
fl.-'10.00 .5' .61 · t 9 -.46 .00 45. 55.00 1 .05 -.75 .06 -.09 -.37 
O. '0.00 .55 .87 .30 .24 -.05 45.180.00 1 .01 .30 .22 -.24 -.59 
0.-135.0 .49 .89 .24 -.43 -. ° 1 6O 0.00 1 .29 .22 .31 -.21 -.52 00 
.0.135.00 .8' -.27 · t 7 .36 -.O(J 60.-15.00 1 . 18 .S6 .41 - . I 1 -.46 .s:: 
0.180.00 .89 .33 · 18 - . 17 -.07 '0. 15.00 1 .36 -.24 .1 Q -.34 -.50 

-15. 0.00 1. 54 .24 · 16 -.36 .05 60.-3().00 .82 1 . 11 .46 -.07 -.30 
-15.-55.00 .68 1. 34 .21 -.08 .12 '0. 30.00 1 .29 -.58 .14 -.34 -.47 
-15. 55.0'0 1. 16 -.78 .36 - .1 ° .0' 60.-45.00 .65 1 .08 .41 -.05 -.23 
-15.180.00 .85 .29 .07 -.10 .14 '0. 45.00 1 . t 1 -.73 . 1 () -.23 -.46 

15. O.O(J 1. 51 .33 .29 -.22 - . 18 60.-55.00 .63 1 .14 .45 -.15 -.24 
15.-55.00 .6' 1.33 .38 -.08 .16 '0. 55.00 1 .06 -.73 .09 - . 15 -.37 
15. 55.00 1. l' -.77 · 18 - .16 -.22 60.-6().OO .58 1 .27 .58 - . 12 -.21 
15.1S0.00 .'2 .33 .1' -.21 - . 11 '0 6Q.OO .'9 -.73 .04 -.03 -.28 
30. 0.00 1. 53 .23 .28 -.36 -.44 60.-75.00 .57 1 .09 .51 -.34 -.20 
30.-15.00 1. 40 .15 .36 -.29 -.32 6o. 75.00 .77 -.46 -.01 . 14 -.32 
30. tS.OO 1 . 51 -.22 -.00 -.26 -.35 60'.-'0.00 .45 .96 .42 -.35 -.23 
30.-30.00 1. 17 1. 15 .45 - .19 -.31 '0. '0.00 .58 . Of.) .f.)1 .22 -.36 
30. 30.00 1. 50 -.65 · 14 -.50 -.44 60.-135.0 .51 .53 .13 -.44 -.23 
30.-45.00 .74 1 .26 .51 .05 -.2' 60.135.00 .92 .29 .5' .13 -.54 
3\). 45.0'0 1. 21 -.S4 · 14 -.35 -.40 60.18v.00 1 .01 .33 .1' -.25 -.60 



Table 7. LOADS FOR VARIOUS GAP SPACINGS FOR CONFIGURATION 5 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AHD MOMENT COEFFICIENTS FILE-NA"E: 1'101800 

CONFIGURATION' C = 2.60 L::: 1(l.6t~ INCHES GAP STUDY,ONE COLLECTOR ROW 

PITCH G/C FXP FZP I1XP I'I'(P !UP PITCH G/C FXP FZP I'IY.P MYP /'IZP 

O. .57 1 . 57 52 .36 -.30 -. H) -'5. 5? 53 :2 .10 .51 04 -.01 
Y. .71 1. ~y .43 . 28 -.33 -.03 -'i5. · 71 .54 2.0E • .46 .02 - . 14 
tj. .89 1. 5' .37 .22 -.24 - . 12 -'5. .9~ .53 2.01 .52 .02 -.07 
O. 1 .07 1. 60 . 42 . .27 -.36 - 1'3 - ~,5 . 1. 07 .50 1 .'8 .47 .04 .02 
O. 1 .25 1. '0 .42 .2S -.2'3 -.01 -'5. 1. 25 .56 1 .97 .42 -.06 -.Of, 
Q. 1 .43 1. 56 .41 .28 -.22 - . 13 -65. 1. 43 .48 t.'3 .46 · 12 -.oe-
t,). 1. 61 1. 51 .44 .31 -.1' .06 -'5. 1 .61 .51 1 .94 .52 .06 -.07 
~L 1 .7' 1. 50 .41 .35 - .10 -.01 -is. 1. 7' .51 2.00 .56 .06 -.00 
O. 2.14 1. 58 .44 .24 -.34 -.06 -'5. 2.14 .46 2.01 .54 .15 .05 
Q. 2.50 1 .50 .4' .30 -.15 .04 -is. 2.50 .47 1 . '8 .46 .Q'3 .04 
O. 2.8' 1. SO .47 .35 -.20 -.07 ','5. 2.96 .49 1 .99 .49 · 1 1 -.07 
(). 3.21 1.4' .45 .2' -. l' -.oe -tli5. 3.21 .45 1 .'4 .43 · 12 . () 1 
O. 3.57 1. 4' .45 .32 -.18 -.06 -'5. 3.5? .46 1 .'5 .50 · 11 .f.l3 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND /'IOI'IENT COEFFICIENTS 00 
FILE-NA"El !'IDGAP2 U"I 

CONFIGURATION 5 C = 2.80 L = 10.S0 IHCHES GAP STUDti' lONE COLLECTOR ROW , ALTERNATE LEGS 

PITCH GIC FXP FZP M)(P r1YP PlZP PITCH GIC F)(P FZP "XP MYP r1ZP 
O. .06 1. ~o .23 .2() -.35 - . 14 -'5. .()Eo .'1 1 .68 .38 -.()() -.07 O. . 1 1 1.43 .11 .(18 - .13 ... I,) 1 ··65. · 11 .54 1 .81 .44 .22 -.06 
(). .1 e 1. 45 .()5 · 14 - .17 - . 10 -65. · 18 .54 1 .76 .41 .03 -.O? 
O. .27 1. 4' · 11 .26 - . 15 -.0(, -'5. .27 .51 1 .82 .48 .09 - . 1 (I 
(). .36 1. ., · 1 () -.11 -.22 -.(lS -'5. .36 .48 1 .8() .3' · 11 -.04 
(I. .54 1. 41 · 14 · 14 -.(18 -.03 -'5. .54 .46 1 .8 () .36 .2(1 -.02 O. .71 1. 51 · 15 · 18 -.32 - . 15 -~5. · 71 .34 1 .7 Eo .34 .42 .08 O. .89 1. 43 .2(1 .20 - .14 -.08 -'5. .89 .49 1 .72 .31 .07 -.07 O. 1 .07 t .41 .21 · 17 - . 12 -.04 -.5. 1 ()7 .48 1 .74 .39 .07 -.<l6 0. 1. 2~ 1. 4' · 18 .2~ -.23 -.05 -65. L 2~ .47 1 .74 .40 · 15 _-.03 



Table 8. DATA FOR ESTABLISHMENT OF ROW SPACING R (CONFIGURATION 9) 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND "O"ENT COEFFICIENTS FILE-NA"E: "DR2.0 

CONF IGURATl ON ~ C -
2.80 L - 10.80 INCHES ROW STUDY, ROW SPACING-2.0.C 

WIND PITCH FXP FZP "XP "VP "ZP WIND PITCH FXP FZP "KP "yp "ZP 
AZIH. AHQLE AZI". ANGLE 

0. 0.00 .04 -.11 - .19 -.05 -.O, 15.-bO.00 .28 .30 .00 -.09 -.08 
O. 0.00 .OS -.11 - .15 -.06 -.07 15.-65.00 .25 .30 -.07 -.03 -.05 
0.-'0.00 .2' .1' -.0' .04 -.11 lO.-'u.OO .29 .12 .03 -.09 - . l' 
~.-6S.~~ .2S .43 -.04 .03 -.07 30.-6'.~0 .2' .37 .12 -.1 S -.18 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND "O"ENT COEFFICIENTS fILE-NA"E: "DR2.S 

CONFIGURATION' C -
2.80 L • 10.8~ INCHES ROW STUDY,ROW SPACING-2.S*C 

WIND PITCH FXP FlP ")CP "VP "ZP WIND PITCH FXP FZP "XP "YP HlP 
AZI". A"~LE A2I". ANGLE 00 

en 
O. 0.00 . IS -.08 -.08 -.1 , - .1' 15.-6().00 .35 .37 .13 -. l' -.27 
0.-'0.00 .41 .40 -.23 -.18 -.1' lO.-'O.OO .40 .42 .25 -.20 -.17 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND "O"EHT COEFFICIENTS FILE-HA"E: "DR3.0 

CONFIGURATJON , C • 2.80 L - 10.80 INCHES ROW STUDY,ROW SPACJMG-3.0*C 

WIND PITCH FXP FlP HXP HYP HZP WIND PJTCH FXP FZP NXP NYP NZP 
AZI". A"~LE AZIH. ANCLE 

O. 0.00 . 11 -.0' .01 - .15 -.1 , 15.-60.00 .35 .53 .13 -.04 -.18 
0.-'0.00 .41 .S1 -.01 -.20 -.12 lO.-'O.OO .44 .49 .11 -.21 -.18 



Table 9a. LOADS ON ARRAY FIELDS (CONFIGURATIONS 5-9) 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND "OMENT COEFFICIENTS FILE-NANE: "D8ROY 

CONFIGURATION 8 C .. 2.80 L .. 10.80 tNCHES FOUR COLLECTOR ROWS,R/C=2.25 

WIHO PITCH FXP FZP PlXP PlYP PlZP WINO PITCH FXP FZP PlXP PlYP "ZP 
AZIH. ANGLE AZIH. ANGLE 

o. 0.00 . 10 .2' .03 -.23 -.10 0.120.00 .~1 .37 .21 -. 11 -.08 
0.-30.00 .06 .26 .14 -.23 -.22 0.-135.0 .08 .28 .02 ".10 .00 
O. 30.00 .37 .to .23 -.23 -.20 0.135.00 .55 .5a .30 -.34 -.08 
0.-45.00 .21 .41 .10 -.25 - . 17 o . 180.00 .20 .26 .17 -.09 -.04 
'l. 45.00 .48 -.13 .12 -.33 -.14 15. 0.00 .'lO .27 .20 -.01 -.06 
0.-60.00 .36 .86 .2' - .12 - . 12 15.-60.00 .39 .71 .04 -.22 -.08 
0. 60.00 .4' -.31 .25 -.06 -.Of 15. 60.00 .46 -.28 .11 -.14 -.07 
0.-75.00 .32 .tt .16 - .18 - . 1 1 15.180.00 .19 .23 .03 -.08 -.09 
G. 75.00 .47 -.21 .07 -.25 -.08 30. 0.00 .to .32 .20 -.14 -.04 
0.-90.00 .15 .68 .08 - .13 -.ot 30.-60.00 .29 .69 .2' -.08 - .13 
O. 90.00 .2t .14 .t3 - .10 -.0' 30. 60.00 .37 - .19 .02 -.16 -.23 
0.-120.0 .14 .38 .24 -.2' - . 10 30.180.00 .20 .33 .24 -.1' -.06 

DATA FOR THE SAHDIA PARABOLIC COLLECTOR FORCE AND HOHENT COEFFICIENTS FILE-NAHE: M09ROW 00 
........ 

COHFIGURATIOH t C • 2.80 L = 10.80 IHCHES SIX COLLECTOR ROYSI R/C=2.25 

WINO PITCH FXP FZP PlXP PlYP HZP WIHO PITCH FXP FZP PlKP PlVP PlZP 
liZ Itt. ANGLE AZIH ANGLE 

'l. 'l.OO .20 .2' .17 -.35 -.11 0.120.00 .33 .3' . 11 .09 -.05 
0.-30.00 . 11 .22 .10 .07 -.01 0.-135.0 .11 .26 .08 -.18 ... 13 
O. lO.OO .16 .28 .tt -.23 -.20 0.135.00 .51 .38 .09 -.40 -.20 
0.-45.00 .21 .33 .12 -.02 ... 11 0.180.00 . 17 .22 .20 -.15 - . 13 
'l. 45.00 .32 .12 .08 -.41 -.2' 15. 0.00 .20 .29 .21 -.38 -.27 
0.-60.00 .27 .73 .08 .08 . ° 1 15.-60.00 .18 .58 .19 .12 -.01 
O. 60.00 .2t -.03 . 1 t -.20 - .1' 15. 60.00 .34 -.02 .06 -.2' -.20 
0.-75.00 .23 .72 .05 -.02 -.01 15.180.00 .20 .31 .2' -.20 - . 14 
O. 75.00 .30 -.03 .22 -.11 -.08 30. 0.00 .37 .35 .24 -.23 -.23 
0.-90.00 .2" ... , -.03 -.34 - . 14 30.-60.00 .24 .64 .30 .05 -.06 
'l. 90.00 .22 '1' .25 -.00 -.07 30. ,tj.oo .32 .06 .05 -.29 -.17 
0.-120.0 .10 . S .19 -.25 -.10 30.18(1. 'lO .30 .27 .1' -.10 -.18 



Table 9b. LOADS ON ARRAY FIELDS (CONFIGURATIONS 5-9) 

DATA FOR THE SAHDIA PARABOLIC COLLECTOR FORCE AND "OnEHT COEFFICIENTS FILE-HAHEI nD6ROIJ 

CONFIGURATION 6 C = 2.80 L = 10.S0 INCHES TWO COLLECTOR ROIJS,R/C=2.25 

lUND PITCH F)(P FZP "XP "'iP HlP WIND PITCH FXP FZP HXP "'iP HZP 
All". ANGLE AlIH. ANGLE 

O. 0.00 1.78 .31 .2' .10 .15 0.120.00 .~2 .24 .18 .37 .06 
0.-30.00 1. 53 1. 14 .23 -.67 .68 6.-135.6 ." . 41 .33 -.40 .00 
O. 30.00 1.79 -.70 .42 - .13 .06 0.135.00 .98 .50 .27 .21 -.02 
0.-45.00 1. 12 1. 48 .39 . os .01 0.180.00 1 .44 .37 .28 -.18 .05 
O. 45.00 1. 38 -1.18 .24 .04 . 13 15 . 0.00 1 .84 .35 .30 -.07 -.02 
0.-60.00 .72 1. 60 .03 -.06 -.01 15.-60.00 .57 1 .65 .34 . 19 -.02 
0.-60.00 .62 1. 62 .11 .16 -.02 15.-60.00 .57 1 .66 .38 .20 -.1~ 

0. 60.00 1. 02 -1.79 .27 -.28 -.00 15. 6<>.00 .98 -1 .79 . 11 -.22 - .15 
0.-75.00 .38 1. 44 .41 .02 -.04 15.18,1.00 1 .41 .34 .15 -.24 -.27 
O. 75.00 .65 -.66 .25 .06 -.00 30. (1.00 1 .6. .36 .37 -.0' -.27 
0.-,o.00 .31 .6' .1' - .1S -.01 30.-60.00 .58 1. 58 .50 -.01 -.10 
O. 90.00 ..... .63 . t 7 .03 -.08 30. 60.00 .'3 -1 .64 .13 -.22 -.25 
0.-120.0 .·42 .56 .34 -.38 -.01 30.180.00 1 .23 .52 .44 .02 -.40 

DATA FOR THE SAHDIA PARABOLIC COLLECTOR FORCE AHD "O"EHT COEFFICIENTS FILE-MANE: "D7ROW 
CO 
00 

COHFIGURATIOH 7 C =- 2.90 l = 10.80 INCHES THREE COLLECTOR 'ROWS I R/C=2. 25 

WINO PITCH F)(P FZP ")(P "yp "ZP WINO PITCH FXP FlP "KP "yp HZP 

AZI". AHGLE A2I". ANGLE 

O. 0.00 .17 .27 .09 -.23 -.04 o . 120.00 .59 .43 .12 .00 -.02 
0.-30.00 .15 .34 .18 -.20 -.07 0.-135.0 .12 .32 .20 -.26 -.00 
O. 30.00 .19 .36 .13 -.2' -.0' 0.135.00 .48 . '2 .1 9 -.24 -.10 
0.-45.00 . 17 .42 .16 .00 -.05 0.18().OO .15 .39 .17 -. Hi - . 11 
O. 45.00 .33 .13 .23 -.20 -.0' 15. 0.00 .23 .30 .13 -.2' -.27 
0.-60.00 .SI ." .21 -.34 - . 14 15.-60.00 .44 .93 .22 -.23 - . 16 
O. 'O.Ov. .38 .01 .08 -.00 .06 15. 60.00 .45 -.20 .13 -. 15 -.11 
0.-75.00 .3' 1. 04 .11 -.27 -.16 15.180.00 .22 .42 .01 - . 11 -.26 
O. 75.00 .46 -.12 .14 - .12 -.09 30. 0.00 .26 .36 .25 -.08 -.18 
0.-90.00 .1' .78 .19 - .17 -.05 30.-60.00 .43 .83 .34 -.30 - . 11 
O. 90.00 .29 .18 .17 .08 -.02 30. 69.90 .44 - .18 -.00 -.14 -.14 
0.-120.0 .1' .40 . 17 -.28 -.02 30.180.00 .35 .31 . 1 1 -.17 -.18 



Table 9c. LOADS ON ARRAY FIELDS (CONFIGURATIONS 5-9) 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND "O"EHT COEFFICIENTS FILE-HA"E: "DEDIT 

CONFIGURATION !5 C .. 2.80 L '" 10.80 INCHES ONE ROY OF THR~E COLLECTORS/G/C".~3~ 

WIND PITCH FXP FZP t1XP til' P tiZ P WUW PITCH F XP FZP HKP "'T'P I1ZP 
~ZI". ANGLE AZU1. HHGlE 

O. 0.00 1. 54) · 12 . 21 - . 15 -.03 30 . b'l.()O .73 -1 .21 .22 -.08 - . 18 
0.-30.00 1. 35 .C33 .27 -.26 -.06 30.-75."'0 .37 1 .41 .39 -.06 - . 12 
tj. 30.00 1. £04 -.£5 .30 -.33 -.1£ 30. 75.00 .57 -.84 .05 -.04 -.18 
0.-45.00 1. 07 1. 45 .36 -.03 -.04 30.-9(').()0 .25 .71 .34 -. 15 -.09 
tj. 45.0(1 1. 42 -1. 04 .41 -.35 - . 13 30. 9 tl.OO .30 .09 .13 . 18 -.15 
0.-60.00 .62 1. 85 .42 .2' -.00 30.-120.0 .3' .08 .12 -.26 - . 16 
O. £0.00 .97 -1.38 .24 -.36 - . 12 30.120.00 .77 .46 .51 .07 -.33 
0.-75.00 .44 1.62 .30 -.06 -.08 30.-135.0 .'6 -.04 .12 -.38 -.20 
O. 75.00 .£1 -.78 .21 -.03 -.07 30.135.00 .18 .54 .48 .Og -.41 
0.-90.00 .2' .58 · 14 - . 14 -.03 30.180.00 1 .2' . 1 1 .24 -.2' -.43 
O. 90.00 .32 . 37 · 14 .25 -.02 45 . 0.00 1 .38 .10 .3' -.42 '7".49 
0.-120.0 .4' .0' .14 -.31 - .10 45.-6'').00 .38 1 .16 .52 . 1 1 -.07 
0.120.00 .£' . 07 · 12 .18 -.Og 45 . £0.00 .'7 -.92 .13 -.3tj -.28 
0.-135.0 .75 -.07 .~4 -.51 - . 13 45.18(1.00 1 .00 .02 .07 -. 16 -.45 00 0.135.00 .ge .39 · 14 .Og - . 10 60. 0.00 .71 .04 .14 -.07 -.27 
0.180.00 1. 23 .0' .24 -.22 -.05 60.-30."'0 .60 .47 .32 - .1.., - . 17 lO 

-15. 0.00 1. 61 · 14 · 11 - . 18 .06 60. 3().OO .71 - .31 .14 -.28 -.25 
-15.-60.00 .6' 1. 78 · 13 .07 .06 60.-45.()O .42 .61 .28 -. 10 - . 11 
-IS. 60.00 .94 -1 . 36 .50 -.35 .01 6O. 45.00 .52 -.45 .07 - . 1 9 - . 16 
-15.18Q.OO 1.16 .06 .06 - . 14 .08 60.-6/).()0 · l' .61 .21 .07 -.06 

15. 0.00 1. 63 · 12 · 15 - . 16 - . 14 6O. 6(1.00 .32 - .41 .12 - . 1 1 - . 14 
15.-60.00 .6" 1.86 .53 .18 -.06 60.-75.00 · 18 .54 .16 -. 13 -.0' 
IS. 60.00 .91 -1.37 .28 -.27 - .1' '0. j'5.00 .22 -.26 .1 g -.06 -.09 
15.180.00 1. 21 .07 .10 -.21 - . 17 60.-'().00 · 10 .32 .04 -. 10 -.03 
30. 0.00 1 . 5' · 17 .28 -.25 -.31 '0. gt).OO · 15 .OJ' .23 .03 -.04 
30.-30.00 1. 20 .82 .41 -.05 -.23 60.-120.0 · 18 .00 .05 - . 1 i -.07 
30. 30.00 1. 53 -.69 · 16 -.27 -.36 60.12u.00 .30 .26 . IS .03 -.13 
30.-45.00 ." 1. 40 .'5 -.01 - . 15 '0.-135.0 .25 .01 .08 -.15 - . 11 
30. 45.00 1. 30 -1.09 .11 -.26 -.34 '0.135.00 .3g .29 .35 .Og -.13 
30.-60.00 .61 1 .65 .58 .03 - . 16 60.1S().()0 .61 .09 .01 -. 17 -.20 
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Table lOa. FENCE STUDY 

File: MDFNCE 

SPACE BETWEEN 
FENCE THE FENCE Al'ID CONFIGURATION 

HEIGHT FIRST COLL. ROW PITCH WITH OR WITHOUT 
RUN # FH/C FS/C ANGLE TORQUE TUBE 

270 1.43 2 180 V without 

271 1.43 2 120 V without 

272 1.43 2 0 V without 

273 1.43 2 -60 V without 

274 0.71 3 0 V without 

275 0.71 3 -60 V without 

276 0.71 3 0 VI without 

277 0.71 3 -60 VI without 

278 0.71 a1t fence 3 0 VI without 

279 0.71 a1t fence 3 -60 VI without 

280 1.07 3 0 VI without 

281 1.07 3 -60 VI without 

282 1.43 3 0 VI without 

283 1.43 3 -60 VI without 

284 0.36 3 0 VI with 

285 0.36 3 -60 VI with 

286 0.36 3 -60 VI without 

287 0.36 3 0 VI without 

288 0.71 a1t fence 3 -60 VI with 

289 0.71 a1t fence 3 0 VI with 

290 1.07 3 120 VI with 
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Table lOb. FENCE STUDY (CONTINUED) 

File: MDFNC1 

.SPACE BETWEEN 
FENCE THE FENCE AND CONFIGURATION 

HEIGHT FIRST COLL. ROW PITCH WITH OR WITHOUT 
RUN # FH/C FS/C ANGLE TORQUE TUBE 

291 1.07 3 180 VI with 

292 1.07 3 180 VI without 

293 1.07 3 120 VI without 

294 1.07 5 0 VI without 

295 1.07 5 -60 VI without 

296 1.07 3 0 VII without 

297 1.07 3 -60 VII without 

298 1.07 3 -60 IX without 

299 1.07 3 0 IX without 

300 1.07 3 0 IX without (l/J=300) 



Table 10:c. EFFECT OF FENCES ON ARRAY FIELD LOADS 

DATA FOR TME SANDIA PARABOLIC COLLECTOR FORCE AND nOnENT COEFFICIENTS FILE-NAnE: MDFNCE 
C III 2.90 L = 10.90 INCHES FENCE STUDY 

RUM I FXP FZP nxp "yp "ZP RUN , FXP FZP PlXP "YP I'IZP 

270 .20 .2' .24 -.32 - .12 281 -.04 .28 .17 . 14 -.02 

271 .18 .22 .13 -.31 - .13 282 .10 .24 .1 , -.0' -.04 

272 .27 .,20 .14 -.23 -.0' 283 .07 .22 . 11 -.12 -.12 

273 .06 .33 .12 -.01 -.04 284 1 . 10 .41 .38 - . l' -.07 

274 .36 :27 .17 -.03 -.06 283 .23 .2' .17 -.02 -.03 

27' .06 .28 .28 - .12 - .11 286 .07 .30 .23 .06 -.07 

276 .26 .32 .32 .16 -.01 287 1 .03 .27 .00 -,0' .03 

277 .14 .16 .14 -.30 -.2' 288 .0' .20 .18 -.21 -. 14 

278 .33 .29 .23 -.0' -.11 28' .37 .25 .08 -.15 -.14 

27' .01 .23 .1' -.04 -.05 2'0 .Q' .35 .51 -.04 -.12 ~ 
280 . 11 .18 .15 -.03 -.0' 2'1 .06 .20 .22 ·-.02 -.0' 

DATA FOR THE SANDIA PARA80LIC COLLECTOR FORCE AND "O"ENT COEFFICIENTS FILE-MA"EI "DFMCI 

C • 2.60 L • 10.60 INCHES FENCE STUDY 

RUM I F)cP FZP "XP MYP MlP RUN • FXP FZP nxp MYP I'IlP 
292 .1' .34 .22 -.29 -.10 2" .14 .2' .26 -.3' -.11 

293 .2' .3' .19 -.46 -.20 2'7 .05 .2' .20 -.1' -.05 

2'4 .17 .34 .30 -.30 - .11 2'8 .17 .41 .26 -.25 -.16 

295 .05 .24 .14 -. t 3 - .15 29' .13 .28 .1' -.0' -.O? 

300 .23 .40 .33 -.13 -.14 
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Table 11a. BERM STUDY 

File: MDBERM 

SPACE BETWEEN 
BERM THE BERM AND 

HEIGHT FIRST COLL. ROW PITCH 
RUN # FH/C FS/C ANGLE CONFIGURATION 

301 1.07 3 0 IX 

302 1.07 3 0 IX ($=30°) 

303 1.07 3 0 VI 

304 1.07 3 -60 VI 

305 0.71 3 -60 VI 

306 0.71 3 0 VI 

307 0.36 3 0 VI 

308 0.36 3 -60 VI 

309 0.36 2 -60 VI 



Table 11 b. EFFECT OF BERMS ON ARRAY FIELD LOADS 

DATA FOR THE SAHOIA PARABOLIC COLLECTOR 

c • 2.80 L = 10.80 

RUN • FXP FZP "XP "VP I'IlP 

301 .23 .4' .26 - .11 - . 14 

302 .14 .40 .16 .01 -.10 

103 -.0' .'0 .0' - .17 - .10 

304 .16 .'7 .20 -.36 -. l' 

FORCE AHD "OMEHT COEFFICIEHTS 

INCHES BERI'I STUDY 

RUN • FXP FZP "XP I'IVP 
305 . <)1 .36 .21 -.15 

306 .24 .51 .12 -.06 

307 1 . 13 .47 .07 -.32 

308 .27 .71 .26 -.22 

309 .32 .77 .18 -.34 

FILE-HAMEl 

I'lZP 

-.06 

-.07 

-.18 

-.10 

- . 17 

"DBER" 

lO 
.t::' 



Table 12. LOADS WITH A TORQUE TUBE ON COLLECTOR 1 

DATA FOR THE SANDIA PARABOLIC COLLECTOR FORCE AND 110l1ENT COEFFICIENTS FILE-NAME: MOTOR1 

c = 2.80 L = 10.ao INCHES TORQUE TUBE EFFECTS,COLLll ALONE 

WIND PITCH FXP FZP I1)(P 11'f'P I1ZP WIHD PITCH F :<P FZP tlXP M T'P MZP <.0 
V1 

Q ° 1 .3' .41 .30 -.02 -.06 \} 60 .78 - .1 e -.01 .06 - . 11 
0 -3<1 .92 i.10 . 16 .09 - oe () -go .53 .21 .oi -.27 .00 
C) 30 1.50 -.5' .26 -.25 -.0' 
0 -6<1 .55 1 . 36 .11 -.00 -.03 

,') '0 .59 1 . 1 r.- .18 . 15 -.Of. 
f) -12(;1 .74 .46 -.02 - . 41 -.06 



Table 13. EFFECT OF e ON PITCHING MOMENT COEFFICIENTS 
(CONFIGURATIONS 1-4) 

COt'FIGURHTION FILE HAHE:.1DPIHl COtIFIGIJRATIOt' '2 FILE H~J1E:MDPHI2 

C = 2.80 L • to 80 C 1& 2.92 l • to.SO 

DETERMINATION OF THETA "AX/COlLll DETERMINATION OF THETA MAX,COlLI2 

PITCH Hel/C ttVP "VB t1VF WI' G 
A~GlE 

PITCH 
ANGLE 

HCl/C "VP "V8 t1YF "VG 

o. 1. 03 -.31 1 .30 -.32 -.31 O. ." -.24 1 . 30 -.26 -.24 
-15. t. 03 -.41 t. 12 -.43 -.42 -15. .99 -.21 1.20 -.30 -.21 
-30. 1. 03 -.34 .99 -.39 -.36 -ll). ." .03 1.15 -.(19 .03 
-45. 1 .03 -.13 .95 - .18 - .14 -45. .99 .0' .93 - . 10 .05 
-50. t. (13 -.20 .82 -.24 -.21 -6(). ." -.07 .67 - . 16 -.08 
-55. t. 03 .02 .S4 -.05 -.Of) -£5. .'9 - . 11 .53 - . 18 - .12 
-£,0. t . () 3 -.07 ." - . 14 - . to -7l). ." .05 .55 -.03 .05 
-b5. 1. 03 -.09 .51 -.16 - .12 -75. .99 .07 .41 -.(12 .06 
-70. t. 03 - .12 .41 -.15 - .13 -8 (, . ." -.03 .20 -.(15 -.03 
-75. t. 03 -.05 .37 -.05 -.(15 -85. .99 -.OS . 12 -.01 -.05 -'0. t .03 -.32 .05 -.23 -.2' -'0. ." -.07 .03 -.00 -.07 
-105 1. 03 -.2' .14 - .16 -.22 -105 .99 -.22 .03 -.08 -.21 
-120 1. 03 -.32 . 18 -.21 -.28 

\0 
0\ 

COHFIGURATION 3 FILE HAHE:ttDPIH3 CO.IFIClIRATI0t, 4 FILE HAt1EltIDPIH4 

C • 2.9" L =- 10.80 C = 3.00 L = 10.80 

DETERMINATION OF THETA "A~/COll'3 DETERMINATION OF THETA MAX,COLLI4 

PITCH Hel/C PlYp "VB "YF Wi G PITCH Helle "yp "'1'8 MYF f1'(G 
ANGLE AtlGLE 

Q. .'8 -.24 1. 28 -.25 -24 () . .'6 -.3' 1. U -.34 -.33 
-15. .98 -.32 1.10 -.37 -.33 -15. .'6 -.20 1. 17 - .19 - .19 
-3ll. .'8 -.18 .'7 -.24 - .19 -3Q. .96 -.J! .89 -.32 -.32 
-45. .98 -.07 .85 - .14 -.08 -45. .'6 -.08 .7f) - .11 - .12 
-60. .98 -.OS .'5 - . t 5 -.09 -SQ. ." - . 1" .59 - . 16 - . 1 £ 
-65. .98 -.02 .58 - . 1 0 -.03 ,,55. 96 - . 1 1 .57 - . 13 - . 13 
-. 7 ~) . .'8 - . 14 .3' -.21 - .15 -bO. .96 -.17 .47 - . t 7 -.17 
-75. .98 -.04 .30 -. 10 -.OS -70. ." - . 1 7 .36 - . t 4 - . 1 4 
-80. '8 -.01 .21 -.07 - .07 -75. .96 • -.25 28 -.20 - .20 
-90. .98 - . 14 .02 -.O? - . 13 -9{) . .,£ -.3' .13 -.32 -.30 
-105 .98 -.27 -.00 -.15 -.25 -1 () 5 .96 -.3t .13 -29 -.27 



Table 14. EFFECT OF HEIGHT BCL ON SINGLE COLLECTOR PITCHING MOMENT 
COEFFICIENTS AT e = 0, ~ = 0 (CONFIGURATIONS 1-4) 

CDNFIGUR,HIDH 1 FILE HAPlElttDCDHl CONFIGURATION 2 FILE NAME: MDC1H12 

C = 2.80 L :: 10.80 C :: 2.92 L :: 10.80 

HEIGHT EFFECT AT THETA=O,COLL.l HEIGHT EFFECT AT THETA=O,COLL'2 

PITCH Helle H'iP tlYB tlYF HVG PITCH Hel/C "yp "VB PlVF ttVC 
ANGLE AMGlE 

O. .67 -.55 .44 -.58 -.36 O. .64 - . 18 .70 -.25 - .18 
o. .71 -.2S .75 -.25 -.25 O. .68 -.05 .91 -.07 -.05 
O. .80 -.34 .S9 -.37 -.35 O. .77 -.20 .92 -.22 -.20 
O. .89 -.14 1 . 1 a - .1? - .15 O. .86 -.15 1. 10 -.17 - .15 
O. t.OJ - . 21 1. 36 -.23 -.22 O. .'9 -.24 1. 30 -.26 -.24 
O. 1. 25 -.07 1. 77 -.09 -.07 o. 1. 20 - . 19 1. 55 -.21 - .19 
O. 1., 1 -.20 2.21 -.20 -.20 () . 1. 54 - . 14 2.01 -.20 - .14 
() . 1. '6 -.4' 2.54 - .49 -.49 O. 1. 89 -.45 2.33 -.47 -.45 

\C) 
...... 

COt'FIGURATIDH 3 FILE tlAHE I ttDCDtt3 COtlFIGURATION .. FILE HA"E:ttDCD"4 

C = 2.94 l = to.so C = 3.00 l = 10.80 

HEICHT EFFECT AT THETA=O,COLl.J HEIGHT EFFECT AT TNETA=O,COLlI4 

PITCH HCl/C "yp "VB "YF ttVG PITCH Hel/C "YP "'1'8 ttVF ttYC 
AnGLE ANGLE 

O. .64 - .17 .67 -.24 - .18 O. .63 -.18 .66 -.1' -.20 
O. .68 -.26 .73 -.27 -.26 O. .67 -.24 .67 -.25 -.26 
O. .77 - . 1 () 1. 01 -.11 - .10 O. .75 -.49 .66 -.47 -.47 
O. .85 - . 18 1 . 11 - . l' - .18 o. .83 -.35 .95 -.33 -.32 
O. .98 -.29 t . 17 -.30 -.29 O. .96 -.35 t. U -.34 -.33 
O. 1.19 -.29 1. 57 -.35 -.29 O. 1. 17 -.25 1. 63 -.26 -.26 
() . 1. 53 -.18 2. (J! -.19 - .18 O. 1. 50 -.27 2.16 -.28 -.28 
0 .. 1. 87 -.29 2.45 -.30 -.29 O. 1. 83 -.32 2.54 -.34 -.34 



Table 15. EFFECT OF HEIGHT HCL ON SINGLE COLLECTION PITCHING MOMENT 
COEFFICIENTS AT 6 -=6 , 111 == 0 (CONFIGURATIONS 1-4) max 

COHFIGl'RAT10t~ 1 fILE tlAHE :riO CUB CONFIGURATION 2 FILE HAHE'"OCl/12 
C II 2.80 l = to.SO C II 2.92 l = U.80 
HEIGHT EFFECT AT THETA "AX,COLLll HEIGHT EFFECT AT THETA "AX,COllt2 

PITCH Hel/C "yp "YB RYF RVG PITCH Hel/C "yp "Y8 "YF "'iG ANGLE ANGLE 

-65. .67 .02 .33 -.07 -.01 -75. .64 .14 .35 .05 .14 -65. .11 .12 .44 .05 .0' -75. .68 .13 .35 .03 .13 -65. .80 .03 .43 .... 05 .00 -75. .71 . t, .43 .09 .1 , 
-65. .8' .07 .4' -.01 .04 -75. .8' .04 .34 -.03 .03 -65. 1. 03 .05 .59 -.03 .02 -75. .'9 .07 .41 -.00 .01 -65. 1. 25 .13 .18 .04 .09 -75. t. 03 .01 .42 -.Q3 .01 -65. 1. 61 . 11 .94 .03 .08 "75. t. 20 .16 .55 .0' .16 -65. 1. '6 .00 1. 12 -."8 -.03 ,,75. t. 54 -.01 54 - . 1 (I -.07 

-75. t. 88 .15 .77 .07 .14 
\0 
00 

CONFIGURATION 3 FilE HA"E~"OCL"l CONFIGURATIOn 4 FilE NA"E'"OCl"4 
C ,. 2.94 l II 10.80 C ,. 3.00 l :& 10.80 
HEIGHT EFFECT AT tHETA "AX,COllI3 HIEGHY EFFECT AT THETA HAX,COll.4 

PITCH Hel/C I1VP !'IYB "VF RYG PITCH Hel/C "yp "VB "YF nyc ANGLE ANGLE 

-10. .6. - .13 .30 -.07 - .12 -55. .83 ".10 .42 -.0' -.09 -70. .68 -.07 .41 -.01 -.06 -55. ." .00 .6. -.02 -.02 -10. .77 -.05 .48 ... 00 -.04 ..55. 1.17 -.02 .85 -.05 -.0' -70. .85 -.1 S .51 -.07 - .14 -55. t. 50 -.16 t. 13 -.U -.20 -70. .'8 -.08 ." -.02 -.07 -55. t. 83 -.01 1. SO -.10 - .10 -70. t. l' - . 11 .79 -.06 - .11 
-70. t. 53 -.1' 1. 06 -.11 - .15 
-7!J. t. 87 -.. , t. 3' -.07 .. .15 
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Table l6a. MATRIX OF SINGLE COLLECTOR PITCHING MOMENT COEFFICIENTS 
AT HCLIC = KI (CONFIGURATION 1) 

CONFIGURATION t FILE NAME'MDCOLl 

C. 2.80 L = 10.80 

ONE SINGLE COLLECTOR/RIM ANGLE=90 

lUND PITCH 
A2I" RNGLE 

o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
«) • 
() . 
o. 
o. 
o. 
o. 
o. 
O. 
G. 
O. 

-15, 
-15. 
-15. 
-15. 

IS, 
15. 
15. 
15. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
3G. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
45. 
45 
45. 
45. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
to. 
60. 
60. 
60. 
60. 

0.00 
-15.00 

15.00 
-30.00 

lO.GO 
-45.00 

45.00 
-'0.00 
60.00 

-65.(1(. 
65.00 

-75.00 
75.00 

-90.(J0 
90.00 

-:135.00 
135.00 
IS0.00 

0.00 
-65.00 

6'.()0 
190.00 

o.o(i 
-65.00 

6S ;GO 
180.00 

0.00 
-is.GO 

15.00 
-30.00 

30.00 
-45.GO 

45.00 
-6<), Ott 

60.00 
-65.<tO 
65.00 

-75.00 
'75', ()O 

-90.00 
9().GO 

-135.(10 
135.00 
180.00 

0.00 
"65.00 
65.00 

180.00 
0.00 

-15.GO 
15.00 

-30.00 
30.00 

-45,00 
45.00 

-60.00 
60.00 

-6'.00 
65.00 

-75.00 
75,00 

-90.~)O 
90.00· 

-135.00 
135.00 
180.00 

MYP 

-.14 
".20 
"',18 
-.12 
-.22 
-.11 
-.30 

.12 - l' .~, 

-.12 
-.06 

.09 
.... 30 

.14 
-.31 

.15 
·.14 ... l' .03 
-.26 
-.07 
-.11 

.05 
-.08 -. t, 
-.21 
-.12 
-.20 
-.07 
-.23 
-.03 
-.32 

.19 
-.12 
-.01 -.1' -.09 

.0$ 
".13 

.20 
-.24 

.06 
-.22 
-.05 
-.47 
.... 05 
-.28 
".16 -.0' -.52 
".06 
-.27 

.05 
-.22 

.01 
".1 () 

.04 
-.04 
-.03 
-,01 
-.20 

.04 
- .12 

. t 2 
... t 2 

MVB 

.'3 

.81 

.91 

.71 

.84 

.58 

.6' 

.56 

.44 

.41 

.46 

.22 

.48 
-.04 

.33 

.03 

.76 

.66 

.9~ 

.39 

.33 

.68 

.92 

.44 

.48 

.63 

.86 

.88 

.86 

.82 

.77 

.68 

.57 

.U 

.43 

.38 

.35 

.13 

.43 

.06 

.43 

.16 

.73 

.58 

.87 -.0' .36 

.55 

.58 

.58 

.32 

.43 

.41 

.41 

.25 

.25 

.2~ 

.23 

.2~ 

. 1 t 

.18 
-.07 

.19 

.13 

.58 

.50 

HVF 

-.24 
-.30 
-.26 
-.21 
-.30 
-.21 
-.37 

.00 
-.24 

.00 
-.20 
-.07 
-.01 
-.21 

.05 
-.16 

.12 
-.06 
-.25 
-.06 
-,34 

. (12 
-.25 
-.04 
"'.15 
".12 
-.29 
-.22 
-.27 
- . 15 - ... 
-: i3 
-.39 

.08 
-.16 
-.08 
-.27 
.... 09 
-.04 
-.07 

.12 
- .10 

.os 
-.15 
... 12 
-.54 
"'.10 
-.22 
-.22 
- .18 
-.58 
-.1 ? 
-.32 
-.06 
-.27 
-.06 
- . 15 
-.02 -.0' -.05 
-.05 
... 15 
".01 
-.03 

. 13 
-.05 

- .17 
-.24 
-.21 
.... Hi 
-.25 
... t 5 
-.32 

.08 
-.21 
.~6 

- .15 
-.07 

.06 
-.27 

.11 
-.26 

.14 
-.11 
- .19 
-.O.() 
-.29 
-.04 
-.20 

.02 
- .10 
- .17 
-.24 
-.16 
-.23 
- .1 (J 
-.26 
-.07 
-.35 

.15 
- .14 
-.03 
-.22 
-.09 

.02 
-.11 

.17 
- .19 

.07 
- .19 .... os 
-.50 
-.07 
-.26 
- .18 
.... 12 
-.54 
- .to -.2' 

.01 
-.24 
-.01 
- .12 

.02 
-.06 
-.04 
-.02 
- .18 

.02 
-.09 

.12 
-.09 
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Table l6b. MATRIX OF SINGLE COLLECTOR PITCHING MOMENT COEFFICIENTS 
AT HCLlc = KI (CONFIGURATION 2) 

CCHtFIGUP.ATIO •• 2: FILE t'fH1~ 1 HDC'DL2 

C = aL ~2 L = to.ao 
our S H!elE COlLrCTOR,RIH AHGLE=40 

WIND PITCH MYP iiVB HYF HlfG 
AZH1 tHfGlE 

l} . 0.00 ".26 .72 -.48 -.27 
Q. -15.00 - .• 3 .75 - .31 .. .14 
O. 15.00 -.12 .80 -.33 - .13 
O. -30.00 -.06 .'6 -.27 -.07 
o. 30.00 -.24 .65 -.47 - .25 
(, . -4'.QO .08 .65 - . 14 .07 
Q. .'.0(1 -.21 .55 -.43 -.22 
O. - b<1 . 0(1 .08 .51 -.10 .07 
O. 64.00 - . 17 .34 -.34 ... 18 
I) • -75.00 .., .35 .02 .16 
o. 7'.00 -. it .0' -.19 •. 12 
(,t. -9(1.00 .01 .05 .05 .01 
t'l. 90.00 .15 .23 .08 .15 
(, s "135.QO ... i 1 .43 .11 -.H) 
9. 135.10 .03 .64 .16 .04 
o. 180.00 .. . i' .10 -.07 - .1' 

-15 . 0.00 -.02 .97 -.25 -.03 
··15 . 75. ')0 . 10 .30) -.01 .09 
-15. 75.00 -.23 .(10 -.35 -.24 
··15. 18'j.r)O ...24 .63 - . 15 - .24 
15. (1.00 ".22 .77 - .45 -.23 
15 -(5.flo .14 .31 -.01 .13 
15 . 75.00 -.22 .01 -.34 -.22 
15. lSQ.QQ -.1(1 . 71 . tiZ ... 10 
3(J. 0.00 ".04 .95 -.28 -.05 
:5 () . "15.IJO -.05 .83 -.26 -.06 
3() • 15.00 -.20 .72 -.42 -.21 
:1 ~) -3Q.00 -.1J4 ." -.27 -.OS 
;If} • 3tl.OO -.17 ." -.40 - .18 
30. -45.0~ .05 .'5 -.19 .~3 
30. 45.(10 ... l' .53 -.37 - .17 
30. -60,QO .07 .5~ -. 15 .06 
30. 6C>.t)0 -.23 .24 -.39 .. .23 
3,.,. .:.7'.00 .20 .35 .06 .19 
3t), 75.00 - .10 .07 -.18 - . 1 0 
30. ·90.(10 .13 .13 .13 .13 
3Q. 90.t)0 . .15 .21 .09 .15 
:3 () -135.00 -. J 5 .38 .1~ - . 14 
'3') . . 135.00 .01 .63 .19 .01 
30, 130.00 -.0' .70 .04 .. (>9 
45. t).t)() -.24 .'6 -.48 ~.25 
45. -i'5.UO .01 . 16 -.07 .01 
45. is. ,)l) .. ,15 -.00 -.25 -.1 , 
45. 18(') . ()O -.27 .53 -.t)7 -.26 
'0. O.OQ ".18 .48 -.38 - .19 
60. -15.t)0 - . 13 .52 -.33 .. . 13 
6O. 15.(10 -.21 .44 -.39 -.23 
t.O. -3Q.t)o - .11 .·n -.34 .. . 12 
6(1. 3fj.UQ -.23 .34 -.43 -.23 
60. -45.00 .03 .47 -.21 .02 
'() . 45.00 ... 14 .23 -.28 .. .15 
6l). -60.C>Q .08 .31 - . 12 .07 
60. 60.00 -. S 6 .f)4 -.27 .. .1' 
f,O, -75.00 -.00 .0' -.07 -.01 
'0. 75.00 -,03 .04 ... 10 -.04 
60. -9tl.(lo .Ot) .01 .01 .00 
6(1. gfj.(JO .02 .06 -.02 .02 
60. -135.t)0 ".1' .16 . .,5 - . 15 
6(1. 135. f)0 .(11 .48 .18 .01 
6O. 18t).QO ".14 .52 .01 .. .13 
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Table l6c. MATRIX OF SINGLE COLLECTOR PITCHING MOMENT COEFFICIENTS 
AT HCLIC = KI (CONFIGURATION 3) 

CONFIGURATIOH 3 FILE NAttE,ttDCOL3 

c 111 2.'" L 111 to.80 

ONE SINGLE COLLECTOR,RIH AtIGLE-65 

\I UU) P nCH t1VP M'/8 r1VF MVG 
AZlff ANCLE 

o. 0.00 ".19 .82 ".35 -.21 
(J • -lS.OO -.1' .76 ' .... 2' .. .18 
0_, 15.00 -.1' .92 -.28 .. .18 
O. -30.00 -.01 .71 ... 18 - .09 
o. 30.00 ~.2f .75 ... 36 ".23 
l) • -45.00 · () 1 .58 ... 14 -.01 
O. 4S.00 -.22 .'2 ... 37 -.24 
(). -60."0 .03 ... 9 ... 10 .01 
Q. 6u.OO ". 17 .41 -.25 ... 18 
O. -70.00 .13 .40 .01 .11 
Q. i'O.oo -.25 .17 .... 33 -.26 
() . -7S.t)0 .20 36 .to .1 , 
Q. 75.00 -.08 .23 ... 15 -.09 
o. -,.,.c)o ... 13 -.02 -.()7 .. .12 
() . '0.00 · 18 ,3¢ .12 .17 
I) • "135.00 ".1' .2' ".03 - .16 
0. 135.00 · 10 .68 . t 3 .10 
O. 1SQ.00 ".12 .70 -.03 ".10 

,,15. (). 00 -.22 .77 -.37 -.24 
-15. -70.00 .08 .37 -.02 .07 
-15. 7t).00 -.29 .12 ... 37 .... 29 
-15. 180.00 -.13 .73 -.04 .. .12 

15. 0.1)0 -.20 .82 .... 35 -.22 
15. -70.00 .1)2 .35 -.1)7 .01 
15. 70.00 -.37 .06 -.47 ".39 
15. 180.00 -.32 .56 ".24 .•. 3 t 
10. 0.00 ".12 .86 ".29 .. .14 
30. -1'.00 -.23 .73 -.36 -.25 
3(L 15.00 ... 17 .9~ ".28 .. .18 
3(). -30.00 ... 12 .71 ".23 - .14 
10. 30.00 ".1' ,,73 -.31 ... 1 a 
30. -45.00 ".07 .58 -. I' -.09 
30. 45.00 ".17 .58 -.29 ".1 , 
30. -60.00 .06 · 51 ....07 .04 
lO. 60.00 -.2' .25 -.37 -.31 
30. -70.00 .03 .30 -.07 .01 
30. i'1l.GO -.21 · 13 -.29 -.22 
3i). -75.00 .03 .22 -.04 .02 
30. 75.00 -.13 · 14 ".20 ... 14 
30 .. -90.00 .00 .06 .03 .01 
3Q. ,o.00 .14 .27 .07 .13 
3G. -135.00 -.33 .18 -.15 -.30 
30. 135.00 -.05 .59 -.01 -.05 
30. 180.00 -.22 .59 .. .13 -.20 
45. 0.00 ... 16 .76 ~.29 .. .18 
45. -70.00 -.02 .2~ ... to -.03 
45. 70.00 ... 11 .14 ".16 - .11 
45. 180.00 ... 11 .5' ....04 ".10 
£0. 0.00 -.28 .48 -.44 -.30 
£0. -15.00 -.08 .5? ".21 ".10 
60. lS.00 -. t, .52 -.28 -.20 
60 •. -30.00 -.07 .49 -.23 ... 10 
'0. 30.00 -.20 .42 -.2' -.21 
60. -45.00 -.04 .40 ".20 -.06 
60. 45.00 -.22 .24 -.30 -.23 
60. -60.00 .os .28 -,06 .04 
60. 60.00 ".14 .to -.20 ... 15 
60. -10.00 .06 .18 ".01 . OS 
60. iO.OO ".1' .03 -.21 ... 15 
60. -75.00 .04 · 14 -.00 .04 
60. 7S.00 -.05 .06 -.10 -.Q5 
60. -90.00 -.04 -.00 ".oa ..:04 
60. 90.00 -.00 .0' -,06 -.01 
£0. -135.00 ".18 .U ".Oi' ".16 
60. 135.00 ",02 .48 .02 -.Q2 
'Q. 180.1,)0 ".1 e .48 ... 1,)8 -.1 , 
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Table 16d. MATRIX OF SINGLE COLLECTOR PITCHING MOMENT COEFFICIENTS 
AT HCLIC = II (CONFIGURATION 4) 

C 0 tt FIr. U RAT I 0 " 4 FILE HAI'IE H1DCOL4 

C = 3. f)O L = 10.81) 

OHE SIIIGLE tOLLECTORdtIH AttGlE=120 

WIND 
AZUl 

O. 
Q. 
o. 
':' . o. 
f) 

O. 
Q. 
O. 
Q. 
() . 
o. 
o. 
O. 
Q. 
O. 
O. 
Q. 

-15. 
-15. 
-15. 
,,15. 

15 . 
15. 
15. 
15. 
:3 {t . 

"0 30: 
30. 
30. 
30. 
30. 
30. 
3\'-
30. 
3 () . 
( r'l 

30: . 
30. 
30. 
3(). 
30. 
30. 
45. 
45. 
45. 
45. 
60. 
£Q. 
60. 
bU. 
6 (J . 
60. 
6(1. 
6<1. 
60. 
(,,) . 
6(, . ,,) . 
'0, 
bO. 
60. 
'Q. 
60, 
bO, 

r ITCH 
ANGLE 

0.00 
-I'.OQ 

1,.(10 
.. 30. fJI.l 

3Q.()0 
.. 4'.rj~ 

45.00 
-s,.ot' 

5',(10 
-60.0(l 

61.).QO 
-75.()O 
7'.00 

-9().()0 
90.00 

-13'.Of) 
135.00 
180.flO 

0.00 
-55.00 

55.00 
18(I.f)0 

O.QO 
-55.00 

55.00 
190.00 

() (10 
-15.<10 

IS.GO 
-30.00 

30.0Q 
-45.00 

45.QO 
-55.flO 

55.QO 
-60.00 

6().00 
"75. (10 

7'.QO 
-90.00 

90.GO 
-13'.00 
13'.00 
180.')0 

0.00 
-5~J. 00 
55.00 

1 S rj . 'j /.) 
Q.OO 

'·15. (lQ 
15.00 

-3u.'iO 
3(J.(lO 

-45.(10 
4'.00 

-55.00 
55.(10 

- 6 ':, . ,j/,) 
6(1.(10 

-i'S.Of) 
75.00 

-9').')0 
9 () . ()O 

-135.QO 
135.00 
19') . 00 

MYP 

-.36 
-.26 -.2' 
.. . 19 
-.3' 
... 12 
-.34 
-.06 
- . 13 
-.23 

.08 
-.34 

.15 
".4' 

.24 
-.43 

.36 
- . 17 
-.36 
-.~e 
- . 10 
- . 11.) 
-.22 
-.oS 
-.16 
-.21 
-.36 
-.29 
-.26 
-.1 9 
-.50 

.05 
-.35 -.0' 
- . 12 
-.14 
-.02 
-.33 

.12 
-.45 

.28 
-.44 

.28 
-.09 
-.26 
-.15 -.0' -.24 
-.21 
-.11 
-.34 
-.fJ7 
-.34 
-.05 
-.23 
- . 15 -. I' - . 12 
-.03 
-.3<4 

.14 
-.35 

.22 
-.44 

.13 
-.25 

MYB 

.'6 

.07 
1.10 

.77 

.95 

.56 

.91 

.49 

.9-) 

.35 ." . 16 

.72 

.02 

.71 
-.01 
1 . 11 

.58 

.94 

.50 

.99 

.63 
1. 07 

.48 

.83 

.57 

.94 

.90 
1. 03 

.so 

.77 

.68 

.6' 

.50 

.73 

.43 

.92 

.18 

.78 

.02 

.93 
-.02 
t .03 
.'8 
.87 
.39 
.81 
..62 
.89 
99 

.92 

.63 

.75 

.5~ 

.71 

.39 

.75 

.37 

.92 

.14 

.79 

.04 

.71 
-.01 

.92 

.61 

NYF 

-.38 
-.JO 
-.29 
-.25 
-.38 
- . 17 
- 37 
-.(lS 
-.21 
-.23 
-.01 
-.29 

.<16 
-.38 

· 16 
-.29 

.24 
- .13 
-.40 
-.11 
- . 17 
-.G6 
-.26 
-.11 
-.23 
- .16 
-.39 
-.35 
-.28 
-.25 
-.53 
-.01 
-.39 
-.09 
-.19 
- .16 
- . to 
-.28 

.02 
-.37 

.U 
-.31 

· 19 
-.('J4 
-.29 
- .18 
- .15 
-.20 
-.24 
-.19 
-.36 
- . 15 
- .36 
-.09 
- .27 
- .17 
-.22 
- . 14 
- . 10 
- . JIj . 

.05 
-.28 

· 13 
-.33 

.07 
-.20 

NVG 

... 3' 
-.31 
-.29 
-.26 
-.38 
- .18 
--.38 
--.¢9 
... 23 
- .. 23 
-.02 
-.28 

.04 
-.36 

.14 
-.26 

.22 
- .12 
-.40 
- .12 
- .1 S 
-.05 
-.27 
- .12 
-.24 
- .15 
-.40 
-.36 
-.29 
-.27 
-.54 
-.02 
-.39 
-.09 
-.20 
- .16 
- .12 
-.27 
-.00 
-.35 

.17 
-.28 

.16 
-.03 
-.30 
- .18 
- .16 
- .19 
-.24 -.2" -.36 
- .17 
-.36 
- .1" 
-.28 
- .17 
-.23 
... 14 
-.11 
-.30 

.04 
-.27 

.12 
- .31 

. os 
- .1 9 
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Table 17. PITCHING K>MENT COEFFICIENTS FOR VARIOUS GAP SPACINGS 
(CONFIGURATION 5) 

CotlF I GURAT tOt4 5 FILE NAME) ,HH (too 

C = 2.8t') L = to.19 

GAP STUDy/one COLLECTOR ROW 

PITCH CiC "fP "VB "'IF "YC 
flttGLE 

o. .57 -.30 .8a -.43 -.35 
o . .71 -.33 .87 -.44 -.37 
(} . .89 -,24 .93 -.33 -.27 
o. 1. 07 -.3& .84 -.46 -.49 
0. 1. 25 -.29 .91 -.40 -.33 
o. 1. 43 -.22 .95 -.32 -.26 
0. 1. til ".19 .95 -.30 -.23 
o. 1. 79 -.10 1. 02 -.21 - .14 
O. 2.14 .... 34 .85 -.45 -.38 
o. 2.50 ".15 .'8 -.27 - .19 
o. 2.86 -.20 .93 -.32 -.24 
Q. 3.21 -.1' .'3 -.30 -.23 
(J • l.S7 ".18 .94 -.2' -.22 

',65. .57 .04 .44 -.06 .00 
-65. .71 .02 .42 -.OS -.02 
',65. .89 02 .41 -.07 -.01 
-65. 1.07 .04 .41 -.Oft .00 
-65. 1. 25 -.0& .35 -.14 -.0' 
-65. 1. 43 .12 .48 .02 .08 
-65. 1.61 .0& .44 -.03 .02 
-65. 1. 7' .06 .44 -.04 .02 
··C·;) . 2.14 .15 .49 .04 .11 
-£5. 2.50 .09 .44 -.01 .05 
-65. 2.S6 .11 .47 .01 .07 
-£5. 3.21 .12 .46 .02 .09 
-65. 3.57 . 11 .46 .01 .07 

COUFt CURfn tOff 5 FILE NAME~"I)GAP2 

C -. 2.80 L • 10.80 

GAP STUDY,AlTERHATE LEGS 

PITCH GIC "yp !'lYB I1YF "YC 
ANGLE 

O. .06 -.3' .78 -.40 -.37 
Q. .11 -. t 1 .94 -.15 - .14 
o. .18 -.17 .'2 -.18 - .17 
O. .27 -.15 .95 -.17 -.1 , 

O. .36 ·.22 .90 -.24 -.23 
o. .54 -.08 .98 -.12 -.10 
(i. .11 -.32 .81 -.36 -.34 
() , .8' -.14 .94 - . 19 - .16 
0, 1. 07 -.12 .94 -.1(' - .14 
0. 1. 25 -.23 .a7 -.27 -.24 

-65', .06 -.00 .45 -.04 -.02 
-65. .ll ,22 .62 .15 .19 
-65. .18 ,03 .43 -. ~13 .01 
.<65. .27 .09 .4a .01 .06 
-65. .36 .11 .47 .03 .08 
-65. .54 20 .54 11 .16 
-65. .71 .42 .67 .31 .38 
-65,. .99 .01 .44 -.00 .04 
-£5. 1. 07 .07 .43 -.Ql .04 
-£5. 1. 25 . 15 .50 .()(' .12 
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Table 18. PITCHING MOMENT COEFFICIENTS FOR ESTABLISHMENT OF ROW 
SPACING R (CONFIGURATION 9) 

CONFIGURATION , FILE HAH£:HOR2.0 

C <: 2.80 L 111 10.80 

ROU STUDYtROW SPAt HfG=2 . ollie 

UIND p nCH MYP "'19 "'IF "YG 
HZII1 AtlGLE 

o. 0.00 -.OS -.02 -.02 -.04 
o. 0.00 -.0. -.03 -.03 -.05 
0. -60 00 .04 .25 .06 .04 
G. -65.00- .03 .22 .05 .04 

! 5. -,o.00 -.09 .t2 -.07 - .09 
15. -6',00 ".03 .16 -.00 -.02 
30. -60.00 -.09 .13 -.06 -.08 
3<) . -65.00 ~, 15 .<t6 - .12 - .14 

COHF 1 CURtH lotI , FILE NAME qiDR2 ,5 

C = 2.80 L 1II to.st) 
RD" S rUDY ,,~ow SPAClflG-2.5·C 

WIHD rITCH MYP ",VB HYF MVG 
AZ lit ANGLE 

o. 0.00 ... 19 ... 03 .... 17 - .18 
O. -60.00 ".18 . 13 - .14 ... 17 

I'. -'0.00 .... 1' .07 ....16 ... 18 
30. -60.00 -.20 0' ".17 ".1' 

CIJNFI (WRAT ION , FlLE thUt£ 1 JttHU .0 

c = 2.90 L II 10.80 

ROW STUDY .. ROU SPAC It'Gal . ollie 

VIND PITCH ItVP MY! "YF JlVG 
AZ 1ft ~"GLE 

0, 0.00 -.15 -.02 .... 13 - .14 
o. -60.00 -.20 .16 -.16 ".1 , 

I'. -60,00 .... 04 .22 -.03 -.04 
30. -60.00 .... 23 . 1 0 -.20 -.22 
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Table19a. PITCHING MOMENT COEFFICIENTS FOR ARRAY FIELDS 
(CORlIGURATION 5) 

CONFIGURATION S FILE HAftE,"DEOIT 

C • 2.80 L • 10.80 

ONE ROil OF THREE COLLECTORS,G/C·.S36 

IUHf) PITCM "y, "YB "YF "YG 
AZI" ANGLE 

o. 0.00 ".IS 1.05 ".18 .... 16 
O. -30.00 ".26 .15 .... 30 -.27 
0. 30.00 .... 33 .90 -.40 -.36 
O. -4S.00 -.03 .17 -.09 ....05 
t). 45.00 .... 35 .71 -.42 .. .-38 
0. -60.00 .29 .75 .19 .26 
0. 60.00 -.36 .36 ...... 0 -.38 
0. :-7S.00 .... 06 .27 -.05 -.06 
O. 75.00 -.03 ... 3 ".13 -.06 
o • -,o.00 ".14 .08 -.07 -.11 
o. '0.00 .2S .4' .11 .22 
O. -120.00 "'.31 .03 .... 20 -.27 
0. 120.00 .18 .70 .05 .13 
t). -135.00 ".51 .06 -.39 -.46 
t) • 135.00 .09 .83 -.01 .05 
o. 180.00 -.22 .70 -.20 -.22 

"15. 0.00 ".18 L03 -.21 ".19 
-15. -60.00 .01 .SB -.01 .04 
"15. 60.00 -.35 .35 -.39 -.37 
"15. 180.00 ... 14 .73 -.12 ... 13 

15. 0.00 ".1 , 1.01 .. .18 ... 17 
15. -60.00 .18 .66 .09 .15 
IS. 60.00 ....27 .41 -.30 .... 28 
IS. 180.00 -.21 .6' ".19 -.21 
30. 0.00 .... 25 .92 -.29 -.26 
30. -30.00 ".05 .85 -.08 -.06 
30. 30.00 -.27 .8? "'.31 -.29 
30. -4S.00 -.ot .71 -.0' -.04 
30. 4S.00 ....26 .71 -.30 -.27 
30. -60.00 .03 .4' -.05 -.00 
30. 60.00 -.08 .47 -.08 -.08 
30. -75.00 -.06 .22 -.06 -.06 
30. 15.00 ".04 .39 ".t2 -.07 
'0. -90.00 -. US .03 -.O, - .13 ., . 90.00 .18 .40 .10 .15 
30. -120.00 -.26 .04 -.16 -.22 
30. 120.00 .01 ." -.04 .03 
30. -135.00 ".38 .12 -.27 -.34 
30. 13S.00 .09 .83 .01 .06 
30. .180.00 -.29 .68 -.26 -.28 
45. 0.00 .... 42 .61 -.45 .... 43 .,. -60.00 . 11 .3' .04 .08 
4S. 60.00 ".30 .20 -.33 -.31 
45. 180.00 ".16 .58 .... 16 .... 1 , 
60. 0.00 -.01 .46 -.08 -.07 
6O. -30.00 -.10 .35 ... 13 .... 11 
60. 30.00 -.28. .25 -.30 -.2' 
6O. -45.00 .... 10 .22 .... 13 -.11 
£0. 45.00 -,I' .19 -.20 -.20 
6O. -60.00 .07 .21 .04 .0£ 
6O. 60.00 ''.It .13 "'.13 - .11 
6O. -75,00 .... t 3 .ot ".12 .... 12 
6O. 75.00 -.06 .tt ... to -.07 
6O. -90.00 .... to ".02 -.07 -.0' 
6O. '0.00 .03 .14 -.00 .02 
6O. -120.00 ".16 -.02 -.12 - .15 
6O. 120.00 .03 .25 .... 00 .02 
6O. -135,00 ".1 S .03 ... tt - .14 
6O. 135.00 .09 .38 .07 .0' 
6O. 180.00 ".17 .2' "'. is -.16 
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Table 19b. PITCHING MOMENT COEFFICIENTS FOR ARRAY FIELDS 
(CONFIGURATIONS 6-7) 

COtiFIGIJRATIOH 6 FILE HAI1E~"D6ROU 

C = 2.80 L :: 10.80 

TWO COLLECTOR ROWS,R/C=2.23 

WIND PITCH MYP MY8 "YF "'Ie 
At:IH ANGLE 

Q. O.QO .10 1.43 .02 .07 
O. -30.00 -.07 t 08 -.12 -.0' 
0, 30.00 ... 13 1. 21 -.20 - . 16 
Q. ~4S.00 .os .8' -.01 .03 
Q. 45.00 .04 1. 07 .01 .03 
() . -60.00 -.Oi .48 -. to -.07 
Q. -60.00 . 16 .62 .0' .13 
O. 60.00 -.28 .48 -.28 -.28 
() . -75.00 .02 .30 .02 .02 
Q. 7'.00 .06 .55 -.05 .02 
Q. -90.')0 - . 18 .os - . 10 - .15 
0. ,o.00 .03 .36 -.08 -.01 
O. -120.00 -.38 -.07 -.22 -.32 
O. 120.00 .37 .83 .26 .33 
Q. -135.00 -.40 .12 -.20 -.33 
Q ~ 13S.GO .21 .'5 .13 .18 
O. 180.00 ... 18 .'0 -.O, - .15 

15. 0.00 -.07 t. 30 - .16 - . 11 
15. -60.00 .19 .62 .11 .16 
15. -60.00 .20 .63 .12 .17 
15. 60.00 -.22 .51 -.21 -.22 
15. 190.1)0 -.24 .82 -.15 ... 21 
3<J. 0.00 -.09 1.14 -.18 - .12 
30. -60.00 -.01 .42 -.08 -.04 
30. 60.00 ".22 .48 -.22 -.22 
3(1. IOO.€)() .02 .9" .15 .07 

COflFICURATIOH ., FILE HAHE'HD7ROU 

C =: 2.90 L • 10.80 

THREE COLLECTOR ROUS,R/C=2.25 

" I tiD PITCH MYP "'1'8 MYF "'Ie 
AlIM ANGLE 

Q. 0.00 -.23 ".11 -.30 -.25 
o . -30.00 -.20 -.0' -.25 -.22 
O. 30.00 -.26 -.11 -.36 -.29 
O. -45.00 .00 .13 -.04 -.02 
Q. 45.00 -.20 .05 -.28 -.23 
() . -6CJ.OO M.34 .04 -.35 -.35 
o. 60.00 ....00 .28 -.09 -.03 
O. -75.00 ".27 .02 -.24 -.26 
o. 75.00 ".12 .23 -.22 -.1 , 
o. -90.00 ... 17 -.03 - .12 - .15 
<J. '10. ()(} .08 .30 .01 .05 
Q. -120.00 -.28 ... 13 -.18 -.24 
O. 120.00 .00 .44 -.()7 -.02 
G. -135.00 ".26 -.17 -.18 -.23 
Q. 135.00 -.24 .12 -.22 -:23 
(). lSI).OO ".16 -.05 -.06 - :13 

15. 0.00 -.2' -.09 -.34 -.29 
1 5. -60.00 -.23 . 1~ -.25 -.23 
15. 60.00 ".15 . 13 -.22 - .17 
15. 180.00 -.11 .05 -.01 -.07 
30. 0.00 -.08 .11 ".11 ... 12 
3 ( •. "'60.00 -.30 .03 -.31 -.30 
30. £0.00 ".14 .U -.22 - .17 
30. 180.00 ... 17 .09 -.09 - .14 
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Table 19c. PITCHING MOMENT COEFFICIENTS FOR ARRAY FIELDS 
(CONFIGURATIONS 8-9) 

CONFIGURATION 8 FILE NAKEtttD8ROU 

C • 2.S0 L 1& to.SO 

FOUR COLLECTOR RO"S/R/C·2.2~ 

WIND PITCH Plyp "V8 HVF HVG 
AZI" ANGLE 

O. 0.00 -.23 ".16 -.31 -.26 
() . -3C).c)0 -.23 -.1' -.28 -.25 
o. 30.00 -.23 .05 -.30 -.26 
Q. -45.00 -.25 -.10 -.2' -.27 
o. 45.00 -.33 .03 -.39 -.35 
O. -60.00 ".12 . 15 -.15 -.13 
() . 60.00 -.0' .28 .. . 12 -.08 
Q. -75.00 -.18 .0' -.17 - .18 
o. 75.00 -.25 .10 -.35 -.28 
O. -,o.00 ".13 -.01 -.0' - .11 
0. 90.00 -.10 .12 ".17 - .13 
O. -120.00 -.26 ... l' - .18 -.23 
Q. 120.00 - .11 .27 - . 17 - .13 
() . -135.00 -.10 -.04 -.04 -.08 
o. 135.00 -.34 .07 -.33 -.34 
O. 180.00 -.0' .0' -.02 -.07 

15. 0.00 -.01 -.01 -.08 -.04 
15. -60.00 -.22 .08 -.22 -.22 
15. ,o.00 ... 14 .20 -.21 - .17 
15. 180.00 -.08 .06 -.03 -.06 
30. 0.00 -.14 -.07 -.22 -.17 
30. -60.00 -.08 .13 ".11 -.O, 
3(1. 60.00 ".1' .11 -.22 -.18 
30. 180.00 -.15 -.00 -.07 - .12 

CONFIGURATION 9 FILE HA"E,"D'ROU 

C = 2.80 L lit to.80 

SJ)~ COLLECTOR ROUS,R/C=2.25 

WIND PITCH "VP "V8 "VF "YG 
A2Ift AHGLE 

o. 0.00 -.35 -.20 -.42 -.37 
0. -30.00 .07 .15 .03 .05 
o. 30.00 -.23 -.11 -.31 -.26 
o. -45.00 -.02 .14 -.04 -.02 
O. 45.00 -.4t -.17 -.49 -.44 
0. -60.00 .08 .2' .OS .07 
Q. 60.00 -.20 .02 -.26 -.22 
(J • -75.00 -.02 . 15 -.01 -.02 
o. 75.00 -.11 .12 -.17 - .13 
Q. -90.00 -.34 - . I' -.28 -.32 
() . 90.00 -.00 .16 -.06 -.02 
O. -120.00 -.25 -.17 -.18 -.23 
() : 120.00 .0' .33 .06 .08 
0. -135.00 - .18 -.10 -.12 -.1 , 
O. 135.0(1 -.40 -.01 -.42 - .40 
Q. 190.()O -.15 -.03 -.10 - .13 

15. 0.0(1 -.38 -.22 -.45 -.40 
15. -60.00 .12 .26 .0' . 11 
15. 60.00 -.29 -.04 -.37 -.32 
IS. 180.00 -.20 ".05 - .12 - .11 
30. 0.00 -.23 .04 -.32 -.26 
30. -60.00 .05 .23 .02 .04 
30. 60.00 -.29 -.05 -.36 -.31 
3e). 180.00 -.10 .13 -.04 -.08 
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Table 20. EFFECTS OF FENCES AND BERMS ON ARRAY FIELDS,PITCHING 
MOMENT COEFFICIENTS 

FILE HA"E~"DFHCE 

C 1: 2.S" l c 10.80 

FEtlCE STUDY 

Runt HVP HVB "VF "VC 

210 - 32 - .17 .... 2' ".29 
271 .... 31 .... 17 -.32 -.31 
272 -.23 -.03 -.28 ".25 
273 -.01 .05 -,.03 -.02 
214 -.03 .24 -.10 -.06 
275 - .12 -.08 ".15 -.13 
276 .16 .35 .08 .13 
277 -.30 -.20 -.29 -.30 
219 -.09 .16 -.16 ".12 
279 -.04 -.03 -.07 -.05 
aGO -.03 .06 -.07 -.04 
281 .14 .11 . to .13 
282 -.05 .02 -.11 -.07 
293 ... 12 -.07 ... • 4 ... 13 
284 - .19 .63 -.29 -.23 
285 -.02 .15 -.01 -.02 
286 .06 .12 .02 .05 
287 .... 05 .73 -.11 -.07 
2S9 -.21 - .14 -.21 -.21 
2S9 - .15 .13 -.21 ".17 
2'0 -.04 .02 -.02 :-.04 
291 -.02 .03 .03 .00 

FILE HAI1E~"DFHCl 

C • 2.80 l • 10.80 

FENCE STUDY 

RUt'. "yp "Y8 "YF "YC 

2'2 -.29 .... 15 -.21 -.26 
293 - .46 -.26 -.41 -.46 
294 .... 30 .... 17 -.38 -.33 
295 ... 13 - .10 -.15 ".14 
296 -.35 -.2" -.42 -.37 
2'7 - .15 ... 11 -.18 -.16 
298 ".25 .... 13 -.27 ".26 
2" .... 0' .01 -.1' ... 12 
3!lQ - .13 .05 -.23 ".16 

FILE HA"E#HDSER" 
C • 2.9Q l • 10.80 

SER" STUDY 

RU.'. "yp "YB "VF "YC 

:;01 - .17 .GO -.29 .... 21 
302 .07 .17 -.04 .03 
303 - .17 -.20 -.29 -.21 
304 -.36 -.24 -.40 -.37 
l05 - .15 - .14 -. t 9 - .• 6 
306 -.06 .12 -.1' - .11 
307 -.32 .53 -.44 -.36 
3(18 -.22 -.02 -.25 -.23 
309 -.34 -.10 -.3' -.35 
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Table 21. PITCHING MOMENT COEFFICIENTS WITH A TORQUE TUBE 
(CONFIGURATION 1) 

CONFIGURATION 1 FILE NAME,HDTORl 

C = 2.St.) L = 10.80 

TORQUE TUSE EFFECTS,COLLI! ALONE 

WI ttD PITCH MYP f1YB f1VF t1~. G 
A2IM fHIJGLE 

(). 0.00 -.02 1.02 -.12 -.06 o. -3f.).(JO .08 .77 -.05 .03 
(), 30.00 -.25 .87 -.31 -.27 
(). -6 tj.OO -.O() .41 -.05 -.02 
(Y. 60.()O .06 .65 -.08 .01 
() . -.gtJ.Oo -.27 . 13 -.13 -.22 
o. 90.00 .15 .60 .O! .10 
(J. -i20.QQ -.41 . 14 - . 1 9 -.33 
o. 120.()0 -.01 .70 - . 16 -.07 
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