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Hieu Thien Ngo, Master of Science, 1987 

Thesis directed by: Inderjit Chopra 

In this study, an experimental investigation is 

conducted on a two-dimensional circulation control 

cylinder with blowing taking place from a single spanwise 

slot to determine its aerodynamic characteristics. The 

results include detailed pressure distributions 

(both chordwise and spanwise) for a range of momentum 

coefficients and slot locations. The measured results 

showed that the lift coefficients up to 4.8 were produced 

at momentum coefficients of 0.14 in a turbulent flow 

condition. The experimental results of lift coeffficients 

Were correlated satisfactorily with analytical results. 

The surface flow patterns were observed using the oil and 

smoke techniques. Also flow field surveys of the model 

Were obtained using total pressure, yaw and pitch probes. 



A color video display technique was used to present the 

results of the flow field surveys. Based on this 

evidence, a flow field model of the circulation control 

cylinder is presented. 
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CHAPTER I 

INTRODUCTION 

Part A: Interest in Circulation Control Aerodynamics 

In recent years considerable attention has been given 

to the circulation control concept due to the renewal of 

interest in short take-off and landing aircrafts, new 

demands on helicopter performance and the possibility of 

elimination of the helicopter tail rotor. 

Part B: Basic Aerodynamics of Circulation Control 

The aerodynamics of the circulation control concept 

is based on the well known "Coanda effect" where a low 

Pressure sheet of air is emitted from a spanwise slot near 

the trailing edge of an airfoil. The sheet of air remains 

attached to the curved surface due to the balance between 

the centrifugal force and the suction pressure. The air 

jet re-energizes the boundary layer as well as introduces 

circulation by shifting the stagnation point around the 

curved trailing edge (Ref. 1). This concept is 

illustrated in Figure 1. 
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Part c: Background 

The Coanda effect was discovere d by Henri Coanda in 

191 0 while d eveloping the design of an early biplane. 

Wh e n he tried to deflect the exhaus t of the motor (to 

avoid burn i ng of the wooden wing) the hot gases ende d up 

f lowing ove r the curved wing surface. This phenomena is 

Wel l known today as the Coanda effect (Ref. 2). 

The early work on circulation control aerodynamics 

Wa s carried out at the National Gas Turbine Establishment 

(U.K.) by Cheeseman (Ref. 3). These studies included the 

measurement of section characteristics of circulation 

control airfoils. Also, a circul a tion control rotor was 

built and tested to obtain hover performance data. 

In the last two decades, considerable research on 

circul a tion control aerodynamics has taken place at the 

David W. Taylor Naval Ship Re s earch and Development Center 

(Review Paper by Englar and Applegatet . They performed 

extensive wind tunnel testing on circulation control wing 

models and evaluated their performance for several 

different design variab les including airfoil section, 

thickness and camber, slot heigh t and position, blowing 

rate, angle of attack , Mach number, and the shape of 

Coanda surface . They also expl o red circulation control 

rotors for helicopters, as well as , stoppable rotor 

Vehicles through scaled model testing in the wind tunnel . 
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There have been several full scale studies of 

circulation control wings and circulation control rotors. 

For example, Kaman under the sponsorship of the Navy built 

a full scale rotor called XH-2/CCR and tested it in the 

NASA Ames 40 x so ft. wind tunnel. This rotor was also 

flight tested. At the same time, the Navy A6 aircraft 

With a circulation control wing was also flight tested 

(Ref. 5). Sikorsky under the sponsorship of NASA and DOD 

is building a full scale stoppable rotor called the X-

Wing. Figure 2 shows the X-Wing rotor (constructed by 

Sikorsky aircraft) mounted on the Rotor System Research 

Aircraft built by NASA. This aircraft is currently 

Undergoing flight testing. The X-Wing configuration shown 

in Figure 3 was also proposed to take advantage of the 

circulation control concept. It has the capability of 

taking off vertically by rotating the rotor-wing and then 

transitioning to a fixed "X-Wing" configuration (two 

forward swept wings and two aft swept wings). 6 • 7 

Another application of circulation control 

aerodynamics is on a helicopter tail-boom to replace the 

conventional tail rotor. In this case, a thin tangential 

slot ejects a sheet of air which is blown along the 

circular cyilnder tail boom. Combined with the down-wash 

of the main rotor blade, lift can be generated to 

counteract the main rotor torque. The .no-tail-rotor 
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(NOTAR) system shown in Figure 4 is an outgrowth of this 

concept (Ref. 8). 

Recently, a large amount of work on circulation 

control airfoils and rotor blades was accomplished at the 

University of Maryland. For example, dynamic stability of 

a bearingless circulation control rotor blade in hover was 

investigated (Ref. 9). Also, significant effort was 

carried out to develop a method to calculate the steady 

and unsteady forces on circulation control elliptic 

airfoils (Ref. 10 and 11). In addition, the work 

Presented herein was part of anongoing task to expand the 

experimental data base for circulation control airfoil. 

Part D: Objective of This study 

The objective of this paper is to explore the basic 

aerodynamic characteristics of a circulation control 

cylinder with blowing taking place from a single spanwise 

slot. This paper includes a detailed study of pressure 

distribution (both chordwise and spanwise) for a range of 

momentum coefficients and slot locations. Lift 

coefficients were calculated by integration of the static 

Pressures over the cylinder. The measured lift 

coefficient was compared to the available analytical 

results. Flow visualization tests were completed using 

0 il, smoke, and tuft methods. In addition, the flow field 
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around the circulation control cylinder was surveyed by 

means of total pressure, yaw and pitcl1 probes. These data 

Will be presented by using the color video display 

technique. Based on these data, a flow field model for 

the circulation control cylinder will be presented. 
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CHAPTER II 

TEST APPARATUS AND TECHNIQUE 

Part A: Test Program 

The wind tunnel testing on the model was carried out 

in a 22 by 22 inch free jet wind tunnel. Figure 5 shows 

the test set up and equipment used for force measurement 

tests. Figure 6 shows the test set up and equipment used 

for flow visualization on the model. The two-dimensional 

circulation control cylinder model was mounted 

horizontally in the wind tunnel. The model was supported 

by a plexiglass platform at each end. This support 

arrangement made it possible to rotate the model; and 

hence, the location of the slot with respect to the free 

stream velocity could be changed. 

The air for blowing was supplied through ducts 

attached to either end of the model forming a "T" supply 

line connected to the compressor. Control of the duct 

airflow was accomplished by opening or closing a two valve 

system. 

During the experiment, surface pressure, duct 

Pressure and temperature, and mass flow rate wer.e 

measured. The model surface pressures were recorded using 

two multi-gauged scanivalves which were referenced to the 
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wind tunnel free-stream static pressure. 

A series of test runs were made at different free­

stream dynamic pressures corresponding to a model Reynolds 

number range from 1.181 x 10 3 to 1.47 x 106 • No 

significant effect of Reynolds number on the data was 

noted and a dynamic pressure equal to 10.5 lb./ft.ft. was 

chosen to allow for a wider range of momentum coefficient. 

The maximum momentum coefficient C was limited to 0.16 
µ 

because of the maximum amount of air that two compressors 

could supply. The following is a list of tests conducted. 

1. Lift versus Momentum Coefficient. Data was 

obtained using surface pressure taps. 

2. Lift versus Slot Location. Data was obtained by 

rotating the slot to different locations. 

3. Qualitative features of flow directions were 

observed using a tuft probe. The objective of 

this test was to look for evidence of vortex 

development in the flow. 

4. Surface flow patterns were observed using the oil 

flow technique. 

5. Flow field surveys using total pressure, pitch 

and yaw probes were made at cµ = o.o, 0.04, 0.093 

and 0.105. 
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Part B: Model 

The circulation control cylinder model was composed 

of four main structural sections: a support section, a 

knife edge and two end covers. These four pieces were 

built out of the same material to minimize the possibility 

of model warping induced by temperature variation during 

the test. This model had an outer diameter of 3.96 inches 

and was 22 inches long. Details of the model cross­

section are shown in Figure 7. The knife edge and main 

section were built as separate components so that these 

could be modified easily. 

Air enters the cylinder through ducts at either end 

of the model and exits through the slot formed by the main 

structure and the knife edge. Air supply plenum and 

pressure tap connections are shown in Figure 8. A special 

design feature of this model is the variable slot height. 

Varying the slot height was done by adjusting the position 

of the knife edge. For this experiment, slot height was 

set at 0.001 inch, using a 0.001 shim to set the slot 

height. The expansion of the slot caused by the 

pressurization of the duct is shown in Figure 9. This 

data was obtained by pressurizing the duct and measuring 

the resulting slot height with a thickness gage. 

In order to gather pressure distribution data, the 

cylinder model was pressure tapped. There were 58 primary 
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pressure taps, loc ated around t h e model a t t he midsp an 

(see Figure 10). In addition, 30 pr~ss ure t a p s were 

placed at other spanwise locations to verify the two 

d i me nsionality of the flow. Fi gure 11 shows spa nwise and 

chordwise press ure taps on the model . 

The total duct pressure and temperature probes were 

located approximately at midspan and led out of the model 

through the end cover shown in Figures 12 and 13 

respectively. 

Part C: Hardware 

A line diagram showing the components used in the 

test apparatus is given in Figure 14. The mass flow rate 

for the trailing edge blowing was measured by a turbine 

Hoffer flow meter, shown in Figure 15. This volumetric 

flow transducer gives a digital output directly 

proportional to flow rate. As shown in Figure 16, a 

pitot-static probe was used upstream of the open test 

s e ction of the free jet wind tunnel to measure the total 

and static free stream pressures. These pressure lines 

were connected to the scanivalve and also to the alcohol 

manometer, in this way, free stream total presure could be 

visually monitored. 

The pressure lines of the pressure taps on the model 

were connected to the two multi-gaged scanivalves, shown 
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in Figur e 17. These scaniva lves connected i ndividual 

Pressure lines to the pressure t r ansduce r s (one fo r t he 

upper surface taps and one for the lower surface taps). 

The pressure transducers convert the pressure data into 

analog voltage output. 

The CAMAC/LeCroy A/D equi pment was used to convert 

the data from analog to digital values . This system 

includes a 4012 Traq system control ler, a 8212 - 32 channel 

loo khz digitizer, five 8800-32 k memory modules, four 

l008, 8 channel amplifiers, and a 2216-16 channel relay. 

This system is shown in Figure 18. 

An HP 1000 computer was used to control the equipment 

and process the data. A HP 2627A terminal was used as the 

command terminal and as the color video output device. A 

HP 2934 printer and a HP 7550 plotter were also used to 

display the data. 

Two rotary valve air compressors made by the GAST 

company, were used to supply the air for the trailing edge 

blowing. These compressors were connected to both ends of 

a motor shown in Figure 19. In this configuration, the 

two compressors produced a maximum output of 90 cubic feet 

Pe r minute at 10 psi. 

One problem with these compressors was that the air 

temperature increased during the operating time. A 170 

degree F temperature was generated when the compressors 
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were operated for about 15 minutes . Therefore, a cooling 

system was designed to keep the a i r flowi ng into the model 

at a constant temperature. This system is shown in Figure 

20, and the inside is shown in Figure 21. It included 

th i rty five foot long copper pipe coiled inside of a 

cylindri cal water tank (0.D. = 2 ft . , height= 3 ft). 

This maintained the blowing jet temperature to room 

temperature. 

Part D: Software 

The packages of Fortran codes were developed for this 

test. One for flow visualization and the other for force 

measurement. Figure 22 shows the schematic of the program 

for force measurement test and Figure 23 shows the 

schematic of the programs for flow visualization test. 

The subroutines names, together with brief descriptions of 

their functions are presented. Sample output displays are 
, 

Provided in Appendix 1. The program listings appear in 

Appendix 2. 

Part E: Data Reduction 

Measured surface pressures were converted into local 

Pressure coefficient values and then integrated to obtain 

the lift coefficie nt. Some of the lift coefficients 

calculated by computer program were checked, using 
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graphical measurement methods of the plots of 7) Sin 

(surface angle). 

The blowing level is defined in terms of momentum 

coefficient. The jet velocity is calculated under 

assumption of isentropic expansion to freestream static 

pressure. Therefore, it is a function of pressure ratio 

and temperature. 

p y-1 

1 - (r.) y 
d 

The momentum coefficient was then defined as . 
mv . 

C - _J_ - s µ qoo. 

The equation below was used to calculate the pressure 

difference in terms of vertical inches of the manometer 

fluid. 

The free jet wind tunnel velocity was then obtained 

as 

u = [ 2t.P] 1/2 
Pc.a 

= rL. (P -P )] 112 
•p

00 
t S 
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CHAPTER II I 

RESULTS AND DISCUSSION 

Part A: Force Measurement Tests 

These force measurements were designed to obtain data 

to correlate with the analytical results of Ref. 11. The 

analytical study shows that the flow on a circular 

cylinder without blowing separates at surface angles equal 

to 110 degrees. However, the nature of the flow given by 

the free jet wind tunnel is laminar (Reynolds number= 

10.5 x 10 5 ) and this causes the separation to occur 

approximately at 75 degrees. Two strips of sand paper 

(fine grade 150 no., 25 x 22 inches) were glued on the 

exterior of the cylinder at surface angle +60 degrees to 

move the separation points closer to the analytical 

results. Figure 24 shows the sand paper on the upper 

surface of the model. Figure 25 shows the pressure 

distributions on the model respectively with and without 

sand paper. with sand paper, the flow is artificially 

made turbulent and the separation points shift from +75 

degrees to about +110 degrees. Also, the pressure 

distributions on the upper and lower surfaces are quite 

identical. 
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Case 1: Blowing at 90 Degrees 

In this case, the angular position of the slot 

was kept at 90 degrees. Figure 26 shows the 

surface pressure distribution for the cylinder with 

no blowing. The top right of the graph shows a cross 

section of the cylinder with the surface pressure 

distribution symbolized by the solid straight lines. 

The length of the bars perpendicular to the surface 

denotes the magnitude of the pressure. Each straight 

line (pressure data) represents one particular 

chordwise pressure tap at midspan of the model. A 

positive pressure occurs on the front surface between 

40 degrees and the negative pressure occurs at other 

stations. The pressure distribution is symmetric on 

the upper and lower surfaces is caused by the 

presence of the slot. The bottom right of the graph 

shows the test conditions during a particular test 

run. The steadiness of the test is indicated by the 

duct pressure (displayed in red), duct temperature 

(displayed in blue), and mass flow rate for the jet 

(displayed in green). The duct pressure is the same 

as free-stream pressure for zero blowing. Therefore, 

the red dashed line indicates zero pressure 

differential. The duct temperature remained constant 

at 70 degrees F during the test. It took 7 minutes 
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to completel y sample data a round t he cyl i nde r . Also, 

a part of the graph indicates the quality of the two­

dimensional f l ow by displaying the spanwise pressure 

coefficient at leading and trailing edges of the 

model (black dashed lines). A constant pressure 

coefficient along the span of the model indicates 

that two-d i mensional flow was obtained. At the left 

ha lf of the graph, surface pres sure distribution with 

surface angle is plotted. Blue and red color lines 

respect i vely represent surface pressure on upper and 

lower surfaces of the cylinder. The black line 

represents analytical results. One can observe that 

there is good agreement between the analytical and 

experimental results. Flow separation occurs at an 

angle of 105 degrees. The sectional lift 

coef ficient is determined by integration of surface 

pressure at a cross section. For this test, the lift 

coefficient is 0.0482. This small value (instead of 

being zero) may be due to flow angularity in the wind 

tunnel and/or asymmetry of model profile. 

Figure 27 shows a data display of pressure 

distribution for a cylinder with a moderate blowing 

(C = 0.482). The pressure bar plot shows that the 
).l 

leading edge stagnation point shifts toward the lower 

surface. There is increased suction pressure on the 
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uppe r surface . The pr essure on the l ower surface as 

well as at the trailing edge is only slightly 

effected from the no blowing condit i on . The test 

condition plot shows the flow steadiness and that 

two-dimensionality were maintained during the test. 

For instance, duct pressure was 4 . 78 inches of 

mercury, duct temperature was 66 degrees F and the 

mass flow rate of the j e t was 19.8 cubic feet per 

mi nute. The surface pressure distribution plot with 

surface angle shows the separation point on the upper 

surface of the model has moved substantia lly toward 

the trailing edge with blowing . On the other hand, 

the separation point on the lower surface remains 

almost unchanged. These separation points can be 

located at 140 degrees and -105 degrees respectively 

for top and bottom surfaces. A pressure jump on the 

lower surface at about - 60 degrees is caused by the 

presence of sand paper strip. For this moderate 

level of blowing, a large suction lift coefficient 

of c t = 2.07 is obtained. 

Figure 28 shows results for a larger blowing 

rate (C = o.109). Now there is a larger increase in 
µ 

suction on the upper surface due to increased blowing 

and a small reduction in suction on the lower 

surface. Test condition plots show that the pressure 
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coefficient along the leading-edge r ema ined c onst ant 

where as the pressure coefficient along the t rai l ing 

edge was not uniform spanwis e . The spanwise pressure 

coefficients, which vary from o.o to -0.6 suggest 

that the flow was not two-dimensional. A detailed 

study of the spanwise pressure distribution with 

increasing C was undertaken. It was found that the 
µ 

two-dimensional flow conditions could be achieved 

only for blowing momentum of less than 0.064. To 

confirm this, a flow field survey of the wake was 

made to study the change of flow conditions with 

increasing cµ. In the later section on flow 

visualization, results are presented in Figures 44 

through 59. One may note that even at higher levels 

of C, the test condition remained steady during the 
µ 

test run (duct pressure of 7.85 in., duct temperature 

of 68 degrees F and jet flow of 38.0 cubic feet per 

minute). For this test, surface pressure data showed 

the separation point on the upper cylinder surface 

has further moved towards the trailing edge. On the 

other hand, the location of the separation point on 

the lower surface is seen to be only slightly 

effected even at a high level of blowing. 

Figure 29 shows the sur face pressure 

distributions with changing blowing level. It is 
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interesting to note that the suction pressure on the 

upper surface increases with increasing blowing 

momentum. The suction pressure on the lower surface 

is only slightly reduced with in'creasing blowing 

momentum. 

Figure 30 shows section lift coefficient with 

changing blowing momentum for the circulation control 

cylinder. In this case a maximum lift coefficient of 

3.63 occurs at blowing momentum of 0.109. It appears 

that the lift coefficient could have been increased 

farther with increased blowing. 

Case 2: Blowing at 80 Degrees 

In this case, the angular position of the slot 

is brought forward to 80 degrees. Figure 31 shows 

the data display of pressure distribution for the 

cylinder with zero blowing. The pressure bar plot 

shows that a pressure jump on the upper surface at 

about +60 degree is caused by the presence of the 

sand paper strip. The test condition plots show the 

flow remained steady and two-dimensional during the 

test. The surface pressure distribution plot with 

surface angle shows the separation points on the 

upper and lower surfaces occur at angles of +105 

degrees. For this test, the section lift coefficient 
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is obtained as C = -0.17. This small negative value 
i 

may be due to flow angularity in the wind tunnel 

and/or asymmetry of model profile. 

Figure 32 shows results for a cylinder with a 

large blowing rate (C = 0.106). One can see a 
µ 

larger increase in suction on the upper surface due 

to increased blowing and a small reduction in suction 

on the lower surface. Test condition plots show 

that the pressure coefficient along the trailing-edge 

was not uniform spanwise, it varied from -0.4 to 

-1.0. These plots suggest that . the flow state was 

not completely two-dimensional as in Case 1. It was 

however, found that the two-dimensional flow 

conditions ware possible for blowing momentum of less 

than 0.054. The test conditions like duct pressure, 

duct temperature and mass flow rate of the jet 

remained steady during the test run. The surface 

pressure data plot with surface angle showed the 

separation point on the uppeL cylinder surface has 

further moved towards the trailing-edge. One may 

note that even at higher levels of C, the location 

of the separation point on the lower surface is seen 

to be only slightly affected. 

Figure 33 shows a comparative picture of surface 

pressure distributions for different levels of 
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blowing. The suction pressure on the upper surface 

increases with increasing bl owing momentum, whereas 

the s uction pressure on the l ower surface i s only 

slightly reduced with increas i ng blowing momentum. 

Figure 34 shows the suction lift coefficient 

with changing blowing level . The results obtained 

for this case are quite similar to those obtained fo r 

Case 1. 

Case 3: Blowing at 100 Degrees 

In this case, the angular position of the slot 

is brought backward to 100 degrees. Figure 35 shows 

the data display of pressure d i stribution for the 

cylinder with zero blowing. The test condition 

plots show the flow steadiness and two-dimensionality 

were maintained during the test. The surface 

pressure distribution plot with surface angle shows 

the separation points on the upper and lower surface 

occur at angl e s of +105 degrees~ For this test, the 

section lift coefficient is 0.298. This non zero 

lift coefficient may be due to the same reason which 

was described in the previous two cases. 

Figure 36 shows a data display of pressure 

distribution for a cylinder with a large blowing rate 

(C = 0.112}. A larger increase in suction on the 
).I 
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upper surface and a reduction in suction on the lower 

surfaces are noticeable at increased blowing rate. 

Test condition plots show that the pressure 

coefficient along the trailing-edge was no longer 

uniform spanwise. On further investigation it was 

found that the two-dimensional flow condition was 

possible only for blowing momentum of less that 

0.052. Also, the test conditions plot shows that 

duct pressure, duct temperature, and mass flow rate 

remained steady during the test run. Again, the 

surface pressure data plot with surface angle showed 

the separation point on the upper cylinder surface 

has moved to the trailing-edge, whereas the location 

of separation on the lower surface only slightly 

changed. 

Figure 37 shows a comparative picture of surface 

pressure distribution for different blowing levels. 

Again, like Case 1 and Case 2 the suction pressure on 

the upper surface increases with increasing blowing 

momentum. Figure 38 shows the lift coefficient plot 

with changing blowing momentum. A maximum lift 

coefficient of 5.6 occurs at blowing momemtum 

coefficient o.14. Similar to the earlier cases, the 

lift coefficient could have been increased further 

with increased blowing. 
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Case 4: Blowing at 105 Degrees 

!n this case, the angular position of the slot 

is brought further backward to 105 degrees. Figure 

39 shows the data display of presure distribution for 

the cylinder with zero blowing. The surface pressure 

distribution plot with surface angle shows some 

differences of pressure on the upper and lower 

surface resulting in a suction lift coefficient of 

C£ = 0.369. Figure 40 shows a data display of 

pressure distribution for a cylinder with large 

blowing rate (Cµ = 0.107). The pressure bar shows 

the surface pressure characteristics similar to other 

cases (increase and reduction in suction on the upper 

and lower surface at increased Cµ). Test condition 

plots show flow which is not two-dimensional but is 

steady during the test run. Figure 41 shows the 

change of surface pressure distribution when momentum 

coefficient is changed from o.o to 0.0913. Figure 42 

shows the suction lift coefficient plot with changing 

blowing momentum, on this plot the analytical results 

of Ref. 11 are presented. One can see good agreement 

between experimental and analytical results. 

Furthermore, the experimental data revealed the 

possible existence of a discontinuity at a very low 

level of blowing (Cµ < 0.02), the Coanda effect is 
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not effective and therefore suction lift coefficient 

does not. This type of discontinuity was also 

reported by Englar (Ref. 12) and Abrahamson 

(Ref. 13). Actual pressure distribution data and oil 

flow studies indicated that the slot location was 

behind the separation point on the upper surface with 

zero blowing. Therefore, the one possible reason for 

this discontinuity may be that a certain amount of 

blowing level is required for flow attachment to 

occur at this slot location. 

Figure 43 shows the lift generated at different 

angular slot positions with the same range of 

momentum coefficient. Interestingly, aft angular 

slot positions exhibit higher lift coefficients for a 

given c. The overall behavior appears quite µ 

identical for different slot locations. 

Part B: Flow Visualization Tests 

As previously discussed, the flow field appears to be 

three dimensional at larger values of the momentum 

coefficient, due to th~ nonlinearity of surface pressure 

along the trailing edge of the cylinder (with or without 

sand paper strips). The following discussion is directed 

towards an understanding or identification of the flow 

field phenomena involved with the larger value momentum 
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coefficient conditions. Based on the flow field 

visualization data, a suggested flow field model for a 

circulation control cylinder is provided for future study. 

All flow visulization tests were carried out at a 

Reynolds number of 10.5 x 10 5 with the angular slot 

Position at 90 degrees. For this study, the sand paper 

strips were not used on the surface of the model. The 

blowing jet was maintained steady by keeping the 

temperature, pressure and mass flow rate of jet constant 

throughout the test. Four types of flow visualization 

tests were performed: oil tests, smoke flow tests, tuft 

wand tests, and color video display tests. 

1. Oil Tests 

Oil flow tests were completed using an oil made 

up of baby oil and a white powder (titanium dioxide). 

Pictures were obtained with a high intensity light 

entering the wind tunnel test section through the 

plexiglass and wall. Figure 44 .shows oil flow 

patterns formed on the surface of the circulation 

control cylinder with zero blowing. The uniform 

accumulation of oil along the span (on the upper 

surface) indicates that two-dimensional flow was 

obtained. Figure 45 shows oil flow patterns with a 

large blowing rate (C = 0.135). The oil 
µ 
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accumulation on the upper surface consists of f our 

weakly developed recirculation pat terns . Two rotat e 

counterclockwise and the other t wo rotate clockwise. 

These oil flow patterns suggest that the flow is not 

un i form a l ong the span. 

Figure 46 shows the oil flow patterns formed on 

the end wall with zero blowing . The oil patterns 

collected into two asymmetrical counter-rotating 

s wirl patterns located about the cylinder center 

line. Figure 47 shows the oil flow patterns formed 

on the end wall with blowing Cµ of 0.09. One can see 

two oil swirl patterns merge ,into one that rotates 

counter clockwise. It is interesting to note that, 

thi s oil flow pattern is similar to a surface oil 

flow of a wing- wall intersection at a high angle of 

attack shown in Figure 48 (Ref. 14). As C is 
~ 

further increased to 0.135, the oil swirl pattern 

becomes a dead air region located next to the 

trailing-edge (Figure 49). The oil patterns also 

show that the horseshoe vortex which passes across 

the upper surface of the cylinder, leaves the end 

Wall surface further down-stream. The lower portion 

of the horseshoe vortex which passes under the lower 

surface of the cylinder, flows downstream and 

gradually diverges on the end wall surface. 
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2. Smoke Flow Test 

Figure 50 through 53 shows photographs of smoke 

flow studies conducted at different locations around 

the circulation control cylinder with blowing 

(Cµ = 0.135). The smoke was illuminated with a high 

intensity light entering the tunnel from one side of 

the plexiglass end wall. Figure 50 shows the smoke 

line on a cylinder when smoke is injected at mid­

section and 6 inches upstream from the leading-edge. 

It indicates the flow was curving increasingly 

downward when the smoke passes over the upper surface 

of the model. Figure. 51 shows similar results when 

the smoke was injected from the center line and 1.5 

inches above the upper surface of the cylinder. 

Figure 52 is a photograph of when smoke was injected 

at 0.25 inches upstream from the leading-edge. The 

smoke divided into two streamlines: one flows over 

the upper surface of the cylinder and the other flows 

below. These two streamlines seem to merge together 

downstream of the model in a circulatory motion. The 

smoke streamline merge together in the same location 

as the recirculating oil patterns observed by means 

of the oil tests. A circulatory motion outline by 

smoke was quite apparent in Figure 53 when smoke was 

injected from the same location but further 
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downs tream. The s moke study shows the pr esence of 

shed vortices at the surface of the cylinder. 

3. Tuft Wand Test 

The flow f ield behind the circulation control 

cylinder was also visualized with a tuft wand probe. 

Figure 54 shows the probe location below and 

downstream of the cylinder. I t indicates that a 

vortex appeared to be rotating qounter-clockwise in 

the flow. The distance from the end wall to this 

vortex is about the same distance as between the end 

wal l and one of the recirculating oil patterns on the 

cylinder surface. 

4. Color Video Display Test 

For the color video display tests, a traversing 

rig was used to survey the flow field around the 

circulation control cylinder. This traversing rig 

allowed surveys to be made in a two-dimensional 

plane. This survey plane can be oriented so that it 

is parallel to the spanwise direction or 

perpendicular to the spanwise direction of the 

cylinder. Figure 55 shows these two survey planes 

relative to the cylinder. The data output from the 

transducers is fed through an analog to a digital 
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converter and then read into the central process ing 

unit where it is processed. The processed data is 

converted to color bands which are then displayed on 

the color monitor. The detailed description of this 

technique is presented in Ref. 15. 

Figures 56 and 57 show the color video display 

data survey in the spanwise direction . Figures 58 

and 59 show the color video display data survey 

perpendicular to the spanwise direction (chordwise) 

of the cylinder. Data was obtained using total 

pressure, yaw, and pitch probes. Each figure shows a 

composite of the color video display data of: a. the 

tota l pressure level, b. yaw direction, and c. pitch 

direction. A sketch of the survey station location 

relative to the cylinder model is also included. The 

color code for the color video d,ta display obtained 

by total pressure probe uses black color to represent 

the free-stream pressure and white color to represent 

maximum suction pressure (reversed flow); other 

colors represent different levels of pressure in 

between. The color code for. the data obtained by the 

Yaw probe uses black color to represent flow 

direction from the (-30 degrees) right and white 

color to represent flow direction from (+30 degrees) 

right and white color represents flow direction from 
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(-30 degrees) left. The color code fo r the data 

obtained by the pitch probe uses black color to 

represent downward flow direction from (- 30 degrees) 

and white color to represent upward f low direction 

from (+30 degrees). 

Fi gure 56(a) shows the s panwise total pressure 

probe survey of the spanwise flow field behind the 

cylinder with zero blowing. The region of white 

color represents the reversed flow in the wake behind 

the cylinder. The regions of r ed and dark gre en 

colors in the upper and lower section of the survey 

are associated with total pressure very close to the 

free-stream conditions. Figure 56(b) shows yaw probe 

data behind the cylinder with zero blowing. One can 

see that random dark blue and yellow colors which 

cover the entire surface of the survey indicate that 

no significant spanwise flow exists. Figure 56(c) 

shows pitch probe data behind the cylinder with zero 

blowing - blue and yellow colors are the only two 

colors which appear in the survey. This may be due 

to the survey being made so close to the cylinder, 

(i.e. the change in pitch direction of the flow is 

very small). Figure 56(a, band c) shows no change 

in color along the span, suggesti ng that spanwise 

uniform flow exists with zero blowing. 
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Figure 57 shows the color video display data of 

t he cylinder with blowing a t c = 0 . 105 . The µ 

location of this survey is the same as the location 

survey of Figure 56. The tota l pressure data in 

Fi gure 57(a) indicates that the large white color 

region seen in the zero blowing condition (Fi gure 

56(a)) is reduced to two small white color regions. 

This suggests that the reversed flow in the wake 

region behind the cylinder was reduced to two small 

regions . It is interesting to note that the 

locations of these small wake r egions correspond to 

the locations of the weakly developed recirculating 

oil patterns. Figure 57(b) shows the data obtained 

by using the yaw probe. One can see, the regions of 

concentrated black color located on the top of the 

White color region. This suggests that at this 

location the direction change from left to right 

which may be associated with one of the existing 

trailing vortices. Figure 57(c) shows the data 

obtained by using the pitch probe. A large region of 

red color at the top of the survey indicates strongly 

downward flow. 

Figure sa(a) shows the chordwise total pressure 

data of the cyilnder with zero blowing. The 

reduction of the wake in the downstream direction 
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(left to right) is very apparent. Figure 58 (b) shows 

the data obtained by using yaw probe . Aga i n, r andom 

dark blue and yellow colors which cover the entire 

surface of the survey i ndicate that no significant 

spanwise flow exists. Figure 58(c) shows the data 

obtained by using the pitch probe. The green and 

dark color located at the top of the survey indicates 

that the flow passing above the cylinder surface has 

a downward direction. The light blue color located 

at the lower region indicate the flow passing below 

the cylinder surface has an upward direction. 

However, the flow was symmetric at the center line of 

the cyl i nder. 

Figure 59(a) shows the chordwise total pressure 

probe of the cylinder blowing (C = 0.105). The lack 

of white color indicates a reduction in the wake 

region. Figure 59(b) shows the data obtained by 

using the yaw probe. Other evidence of the trailing 

vortices was seen as a white color (spanwise flow) 

departs from upper and lower left (upstream) then 

joins together and moves to the right (downstream). 

Figure 59(c) shows the data obtained by using the 

pitch probe. one can see that the color code shows 

the flow was downward direction and asymmetric at 

the center line of the cylinder. 
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Figur~ 60 suggests a flow field model for the 

cylinder incorporating the circulation control 

concept. It includes four trailing vortices formed 

on the surface of the model and shed downstream. Two 

horseshoe vortices are rolled up around the strong 

trailing vortices. One can see even in the simple, 

Well-known flow field of a body such as a cylinder, 

the flow becomes asymmetric and three-dimensional. 
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CHAPTER IV 

CONCLUSIONS 

The main conclusions of the present paper are 

summarized below: 

1. Using sand paper strips on the top and the bottom 

of a cylinder, turbulent flow can be simulated. 

2. With increasing blowing momentum, the separation 

Point on the upper cylinder surface has further moved 

towards the trailing edge. Whereas, the location of the 

separation point on the lower surface seemed to be only 

slightly affected. 

3. The suction pressure on the upper surface 

increases with increased blowing momentum. On the other 

hand, the suction pressure on the lower surface is only 

Slightly reduced with increased blowing momentum. 

4. Two-dimensional flow conditions could be achieved 

only for small blowing momentum {C < 0.064) • 
\l 

5. At zero blowing, there is net lift on a cylinder 

due to the flow angularity in the wind tunnel and/or 

asymmetry of model profile. 

6. The existence of a possible discontinuity in 

lift curve slope due to the level of blowing required 

flow attachment to occur at different slot positions. 
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7 . There was some influence of slot locations on 

lift coefficient. Aft angular slot positions exhibit 

higher lift coefficients for a given blowing momentum. 

a. Measured lift coefficient with the angular slot 

location at 105 degrees results in a good correlation with 

analytical results. 

9. A lift capability was demonstrated at low 

subsonic speeds for a circulation control cylinder. Lift 

coefficients up to 5.41 were produced at momentum 

coefficient of 0.162, for turbulent flow and angular slot 

location at +105 degrees. 

Observation of the flow visualization surveys led 

to the following conclusions. 

10. At high c = 0.09, the oil flow patterns observed 
µ 

on the end wall are similar to those observed in the case 

of wing-wall interaction at high angles of attack. 

11. Oil flow patterns indicate four weakly developed 

recirculating patterns corresponding to four wake regions 

observed with a total pressure probe survey. 

12. At high c values, tuft wand and smoke probes 
µ 

show the existence of vortices which appear to shed from 

th t 'th th e surface of the cylinder, and interac· wi. e 

separation wake further downstream. 

13. Color video displays of totaJ., yaw, and pitch 

Probe surveys show that the circulation control concept 
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Provides a significant reduction in the wake separation 

region. 

14. Color video displays of yaw probe surveys also 

show trailing vortices directly shed from the surface of 

the model, and 

15. These vortices suggest a flow field model such as 

that in Figure 60. 
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Figure 2 An RSRA/X-wing Verticle, Shown at Sikorsky Aircraft Stratford Facility 
(Ref. 5 ) 
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Figure 3 X-wing Ve rtical Takeoff and Landing Aircraft Concept 
(Ref . 6) 
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Figure 4 Mc0onne1l Ooug1as He1icopter Co. Notar Research Helicopter 
(Ref. 7) 
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Fi gure 5 Test Set Up and Equipment for the Force t-\easurement Tests 
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Figure 8 Ai r Supp 1 y P1 emurn and Pressure Tap Connection of the Mode 1 
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Figure 10 Chardw1se Pressure Taps at Midspan of the Model 

( looking from ins i de ) 
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Figure 11 Spanwise and Chorwise Pressure Taps at Midspan 

(looking from outside} 
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Figure 12 Total Ouct Pressure and Temperature Probes Were Located Approximately 
at Mid Span of the Model 
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Figure 13 Total Duct Pressure and Temperature Probes Leading Out of the 
Model Through an End Cover 



u, ,_.. 

FLOW METER PITOT-STATIC 
PROBE 

ALCOHOL 
MANOMETER 

f 

HP 2627A 
TERM INAL 

Figu re 14 

PRESSURE TAPS DUCT PRESSURE DUCT TEMPERATURE ATURE 
DISTRIBUTION PROBE PROBE 

6 l 

SCANIVALVE y CONTROL 

PRESSURE - MERCURY 
TRANSDUCERS MANOMETER 

l 
CAMAC/LeCroy 

A/D 

HP 1000 

I l 1 

• • 
HP 2671G HP 7550A 

KEYBOARD PRINTER PLOTTER 

Hardwa re Connection fo r the Wind Tunnel Test 



V► 

>'V 

Figure 15 Turbine Hoffer Flow Meter 
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Figure 15 A Pitot-Static Probe Located Upstream of the Open Test Section 
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Figure 17 Pressure Lines of 78 Pressure Taps Connected into 
Two Multi-Pane) Scan1-Values 



Figure 18 CAMAC/Larch A/0 Equipment 

Figure 19 Compressors and Motor Used to Supp ly Air for the 
Trailing Edge Blowing 

55 



~ .. J'! 

Cl 

FigJre 20 Outside and Inside of the Closed System 
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Figure 21 Inside Views of the Cooling System 



U1 
00 

/ CALIB.FTN :To calibrate pressure trandusers. 
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GETIT.FTN :To read the pressure distribution 
/ of the model. 

1 RENAM.FTN :To name the pressure data set and 
\~~ store in the disk. 

MENU • - _ CPDGL3.FTN :To display pressure data. 
main testing menu \\ ~ -

_ _J \\~~ CPDGL5.FTN :To plot pressure data. 

\:<~ PCP.FTN :To plot multiple data fi les 
,, 
\ ',_ DELH.FTN 

\ 
\ , VELCHK.FTN 

:To compute delta H for a certain 
Re 

:To check velocity. 

22 Schematic of th e Program for Force ~eas urement Tests 
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/ EX.FTN 
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c.V.D. testing menu 

1 
~ _" CPC.FTN 

~ DRAWN.FTN 

:To surevy the flow fiel using 
total pressure, yaw ,and pitch 
probes. 

:To name the data files and 
store in the disk. 

:To display the surey data . 

:To plot the surevy data . 

23 Schematic of the Programs for Flow Visualization Tests 



Figure 24 Sandpaper on the Upper Surface of the Model 
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Figure 45 Oil Flow Patterns on the Surface of the Circulation 
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Figure 46 Oil Flow Patterns on the End Plate of the Circulation 
Control Cylinder with Cu= 0.0 
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Figure 47 Oil Flow Pat terns on the End Plate of the Circulation 
Control Cylinder with Cµ = .09 



:'.:.G 
J'.';, 

Figure 48 The Surface Oil Flow of a Wing-Wall Interaction at a 
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Figure 49 Oil Flow Pattern on the End Pate of the Circulation 
Contro1 Cylinder wi h C = .135 µ 
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Figure 52 Smoke n mv Study on the Cy 1 i nder Model at high Cu 

(injected . 25 ~nches upstreain frorn the ·1,~ading-tid(Je) 
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Figure 57(b ,c) Spa nw ise Col or V1deo Displa of Flow Field of the 

Cylinder with Cµ ~ .105 (Yaw and Pitch Probes) 
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Figure 53( b , c) Chordwise Color Video o ·splay of F ow Field of th 

Cy inder with Zero Rlowing (Yaw and Pitch Probes) 
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Figure 59(a ) Chordwisee Col or Video Disp l ay of Flow Field of the 

Cylinde r wi th C ~ .10 (Total Pressure Probe) 
µ 
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Figure 59(b , c ) Chordw1se Co lor Video Display f Flow Field of the 

Cylinder with Cµ = . 10- (Y aw and P' tch Probes) 

100 



101 

,--
0 
L 
.µ 
C 
0 
u 



APPENDI X I 

MENU 

This program is the main testing menu; it allows the operator to 

choose nine different sub-programs. 

1.) using the HP 1000 A900 Series computer as the controller and 

processor to calibrate the pres~ure transducers 

2.) to run a test which means take pressure distribution data of 

circulation control cylinder model 

3. ) to rename data set up 

4.) to display data 

5. ) to plot data 

6.) to plot multiple data files together 

7. ) to computer tHalc for a certain Re(i·) 

8.) to check velocity 

9. ) to quit 

CALI B. FTN. 

This program calibrates data taken from CAMAC La crog A/0 equipment. 

It takes 250 data points, calculates the average and computer y = mx + c 

with R from a sequence of n points. The sample rate is 100 Khz and the 

maximum number of channels, that can be calibrated is given in Fig. 84. 

Show the output of this program, the relation of !IH vs. Voltage of 

Channels five (Duct (plenum) total pressure) and LIH vs. Voltage of 

Channels four (Local static pressure on the model) 
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GETIT 

This real time program takes data from the circulation control 

cylinder model. First, the program asks for the free-stream temperature 

and barometric pressure, then the program reads the free-stream total 

pressure. Using this data it calculates the wind tunnel velocity and 

Reynolds number based on chord. This information is then displayed for 

the operator to check the testing conditions of the wind tunnel. The 

program then reads twenty spanwise local static pressures, 10 at leading 

edge and 10 at trailing edge, and graphically displays them on the ter­

minal. The operator uses this data to determine the level of two dimen­

sional flow. If the two dimensional flow parameters are satisfactory, 

(the pressure is uniform in the spanwise direction), the program then 

reads 58 chordwise local static pressures on the model and displays at 

actual pressure distribution. At the same time it reads mass flow, duct 

(plenum) total temperature, duct (plenum) total pressure, and graphi cally 

displays the data. In this way, the operator can study the flow steady­

ness on the surface of the model during the actual test. After reading 

the chordwise pressure tap data, the program calculates the average of 

Tj• Mand using equation ( J ) to calculate the momentum coefficient. All 

of this data is stored in temporary data file for future use. 
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Page 1 Ml:. NU Up ts : l I ! lJY I 

t. 
) 
4 
5 
6 
l 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
10 00226 
n uon 1 
'22 00234 
·n UU2'75 
24 U0 '270 
15 UU30 3 
26 00 316 
v uo.rn 
'28 OU54 4 
29 U0 357 
3U UU} iL 
31 UU4U ? 
J2 00420 
33 U043 3 
34 00446 
35 0046 1 
36 00475 
,\ ) 

38 00475 
39 
40 OU 506 
41 00526 
42 OU'i2 7 
43 005 34 
44 0053 7 
45 UU 'i 40 
46 OU'J61 
47 005)5 
48 
49 Ull~J3 
50 UO 'J 74 

Modul e Mc.NU 

pr og ram men u 

* main men u fr om whi ch sub pr ograms are scheduled 
* w1 th wait. 
* 
****** ** ****** ******** ***** 

integer bu fr l l J,p rogl518) 
character*l esc,c 
character pname l8 J1 6 
equ ivalence (p rog,pname J 

common I I sl opes, xc ept s ,coeffs data pr oq / 6hca l 1b 
1
6hget1t ,6h renam 16hdrw1 t 16hpit1 t 16hpcp 

S6hdel h ~6hvel chk / 

esc = charl V) 
C = 'c' 

'i writell *) esc , 'H' esc,'J' 
write l i, •J ' Ma in /est1n~ Menu ' 
write ll,* l '*********** ***** ' 
write l 11 * J ' ' 
write l l, * J ' 1 
wri tell,*) '2 
writell,* ) ' 5 
write l l, * J '4 
wri tell, *) '5 

to ca I 1brate.' 
to run a test.' 
to rename data set lgetdata. dat J. ' 
to displ ay data. ' 

wr Itel l, * ) '6 • • • • 

to p Io t data . ' 
to pl ot mult 1ple data f1 !es toge ther .' 
to compute de I ta H for a cer tain Re. ' 
to check ve locit y. ' wr1tell,*l '? ... . 

wr1te l l,*l '8 .. .. to quit . ' wr Itel l 1 *) ' 9 ... • 
wr ite l l,lU J 

lU formatl ////
1
4x

1 
'l:.nt er a number l l - 'I) 

read (l,* ) bu fr 

1F lbufr . It . 1 .o r. bu f r .gt. 9) t he n 
go to ? 
e lse 1f (bufr .eq. 9 ) then 

I J 

st op 
else • 1e rror = Fm~~pProgram lpnamel bufr l ,pname lbulr l, c , nJ 

end1f 

got o, 
end 

ca ll exec l9,prog11,bufr )I 

No errors r' ro g: 480 
tli ank commo n: 6 
Local E.MA: none 

FTN7X 2'J 401860t. 15 No warning s Save: none 
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f-'age 1 l.:it T 11 Up ts : ///lJIYIS Mon ~eb YJ l~tJ / z : U4 1-'M 
1Hlf:UILLAss11.:iEI 1i.r1N 

'-
5 
4 
5 
6 
) 
tJ 
9 

lU 
11 
12 
13 
14 
l? 
16 
17 
18 
lY 
'1.U 
·n 
'J.2 
:n 
'1. 4 
'1.5 
'1.6 
'1.) 

'1. tJ 
29 
JU 
)1 
32 
33 
34 
3, 
36 
37 
.rn 
39 
4U 
41 
42 
43 
44 
4? 
46 
47 
48 
49 
?U 
?1 
,2 
?3 0006:.! 
?4 UUlll 
?5 00140 
?6 0Ul6 ? 

$eds on 
Hile s 0/ 

f-'rogram Gt.111 

C----- ------------- --- ------ ----- -----------
L [ Program to take data from c1rcul at 10n co ntrol cyl 1nder 
C 
L Hardware: 
C ea type 
L 1. 4Ul'L - Traql system controller 
C 1. 8212 - 32Ch lOUKhz d1g1t1zer 
C 5. 8800 - 32K memory modu les 
L 4. 1008 - tJLh amp l ii ier 
C 1. :.!2 16 - 16Lh re lays 
C 
C Oata taken 1s: 

l - remperature 1n cyl 1nder 
2 - Pressure 1n cy linder 

C 
C 
C 
L 
L 
L 
L 
L 
C 
C 
L 
C 
C 
C 
L 
C 

} - Mass flow rate 
4 - Pressure taps on cylinde r 
? - Pressure taps on cylinder 

surface 
surface 

Relays used to trigger step and ho me scan1 valve . 
1 = home 
2 = step 
Program run from menu and data displayed by drw1 t. 

Data written into getdata.dat 
Record 1s Chl 1Ch2,Ch5 1Ch4,Ch'j 

C l/2Ul86 

l flU. 4 l 

L 
C---------- -- ------ -------- ------------------

C WfJUr 1s data wr It ten to 3Y88 
C R8UF 1s data REAU from JYtJ~ 
C OAIA 1s sampled data 

!Nft6t~ WHUFt .>J 1~8Url 3) 1NtWUAIA(4l 
U 1 MENS l UN AVEl 5 > 
LHARACltR*l t SL 1RtSf-' 

LUMMUN ICAMALOAIA/ W8UF ,RHUF 
CUMMUN / VULI S/ AVt 
COMMON IWH 1 CHSCAN l / 1 S IW 

UPEN lY l
1
rlLt='UAIA3.0Af' J 

OPtN ltJY,~lLt='XYU'LUl.UAl' J 
OPEN lY6,r lLE='XYTUl.DAI' I 
OPf:.N ('15,r lLt=' XY ILl.OAl 'I 
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!Uef1 ne common blocks 

!Cy linder surface coordinates 
!'1. U tap coo rdinates 
1Upper surface tap coordinates 
!Lower surface tap coordinates 



1-'age 2 t,!:T IT 

I;, / OUL16 
?ti UU 24? 
?9 
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61 OU 33 U 
6,' 00J5? 
63 OU4U<' 
64 UIJ4V 
6':1 U04':14 
66 OU':iU4 
67 ou,n 
68 OU54 / 
69 OU'J ll 
i'O 00616 
71 OU640 
?2 OU641 
}3 UU64'J 
74 006?1 
/ , OU6':11 
/ 6 006 76 610 
77 U0 723 
/ 8 OU / 4':i 
79 Ul02U 
80 01046 
81 U!0 /4 
8, Ull 'n 61 
tlJ 

Upts: l//QIY IS Mon reb ',1 1 198/ t :U4 1-'M 
1Hl1:.u1CLAss11,1:.r 1i.r lN 

01-'l:.N ( 91 r I LE.= 'bl:. I UA I A. DA 1 ' J ! Uu t put f ii e 
t.SC = CH~Rl27) 11::. SLape character def1 n1 t1 on 

WRl l l:. ll *J E.Sl 'H' l:.SL 'J' } ., } J ' 
Wf.! 111: (1

1
*) 'bet1t Proqram' 

WR lll:. ll *) '*********'**~ ' 

!Home & clear displa y 
! Header I abe J 

Wk! I I: ( 1
1 
* J ' ' - } WR I IE (1/*l 'Do you want to change freestream var iables °/ I. yi n): ' 

f.!l:.AD ( l ' a 1 J ' ) kESP 
IF (RE.Sf-I .1:w. 't .UR. Rl:.SI-' .Ew. 'Y') IHl:N !keset cond1t1ons 

WRllE (1/J l:.nter free stream temperature lFJ: _' 
READ ( 1 , * i I r S 
WR] ll:. ( 1

1
*) 'Enter barometeric pressure l 1n Hg / : ' 

READll 1*) 81-'FS 
1:.LSI:. 

lFS = 9U.0 
BnS = :2 '1. '18 

ENO If 

11-'reset cond1 t ions 

WR 111::. l 11 * J ' '. 
WklTE. 11

1
*) 'Enter angle of attack: ' 

REAOI 11 * i ALl-'HA 

! Inquire AoA 

Wkl l l:. 11 *J ESC 'H' l:SC 'J' 
wR I 1E 1'li,611 ds ' ' 
WkllE 1'11 1611 B1-'rS 
WR I II: 19li61J ALPHA 
~ OkMA l l ~ 0 . 4 l 

!Home & clear di splay 
!Write temperature 
! & barometri c pressure 
! & angle of att ack 
! to output f I le 

WRJTI: 11 *) ESC '*m/ X' 
WR lll:. 11:•J E~l: '* pa

1
l'JU 1:2U'J 1 l 'J O,> l \> 14Ul 1 'J / 'J,4Ul 1tU? 1 l 'J U1:2 U,, L' 

WRITI:. 11,*) l:.SC 1 '*m':IX' 

ti4 0ll'n 
85 01160 
86 01'.216 
87 
88 01',' ';>4 
tJ',I 
90 Ul3U':i 
91 

READ 19 /
1

i;,OO,E.N0= ,2 UJ XLUR,YLUR 

'JOU fURMAI ltHU .4J 

92 013U? 
95 UU13 
94 
',I\> Ol3 t l 
96 
9} 01 41> 
'./ti 0141/ 
',19 01450 

lU O U14'J6 
101 Ul464 
lU, Ul'J?6 'JlU 
1U 3 01,6, ':1:20 
1U4 
l0'J Ul,62 
106 01620 
107 016?6 
108 
10',1 01/14 
l l U Ull'.>2 
111 

XLUR = XL UR*'.L . 0 
YLUR = YCUR*t.U 

WR ITI:. (l ,* l ESL, ' *pa, ' ,xCOR* / +'L66,YLUR•7•,9U, ' L' 

l)U '71U l=l 4UU 
REAU I Y / ;_, U U, E.NO=l:,'L U J XCUR I YLUR 
XLOR = XLUR* 'L. U 
YCUR = YLUR*'/..U 
WRIII:. 11

1
*) l:.:iL,'*pb

1
' 1XLUR* / +'L66,YLUk'• / •'L'.IU,' L' 

CUN! INUI:. 
CONf INUE 

WRJII:. 11/J £SL 1 '*pa,13U 1 ltiU ,Z' 
WR! II:. 11 *l l:SC '* mlX ' 
WRIIE 11:• J l:.:il: ' *I ALTUAL PRtSSUk'I:. [JJ~IRl~U I IUN ' 

WRJII: 11 •J 1:.:iL '* m6X ' 
WR I II:. 11;., E:iC;'*pa,>u,,u,}u,1,ti,lY':1,l?o,lY?, ':1 U, >U,?U, L' 
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Page 3 6UIT 

llL OLOlO 
11 5 U2014 
114 0205,' 
115 02130 
116 
111 o;iu, 
118 unn 
119 on31 
12U O'L26 / 
111 
12:2 O'L32, 
125 O'.t:'>31 
124 02567 
125 U244? 
126 02,03 
l'L? U2,61 
l ,'8 U'L61 / 
129 0'/.6 / , 'i40 
uo 

Upts: //!WIYIS Mon reb 'I 1Y8 / L:U4 PM 
/HitU/ LLASS/ 6tl I/.~ IN 

OU 54U HU,l':>U lU 
WRllt 11 *I ~SL '•m,X' 
WRllt 11;•1 ESC;' *pai31':>, ' , 11 ' ,52, , ', I, · ,L' 
WR IT I:. 11 * I E SC , ' * m 1 x ' 
WR 1 ft 11;. I tSC, ' *pa 1.'LlJ?,' , I,' , '/.'I':> , ' , I, ' , L' 
WR I TI:. ( 1 , * I ESL , ' * m6 X .' 
WRl lt 11/ 1 ESC,'*pa ,341 1 ',l,', 347,',l ,' ,L ' 

CUNT I NU!:. 

wRITt 11 *I !:.SL '*rn/ X' / ' ' z W~ 11 t 11
1 
* I tSL 1 '•pa, 'L'>, ; ',, ' 

WR 1 TE 11 * I E SC ' * I :,, ' 
"Rllt 11

1
*1 t.SC

1
'*pa :,,, 'LO Z' "' / ' ' 1 / -WR 111:. 11, * J ESL, ' * I Lp WU O 1 Mt.NS f I UNAL LK. ' 

WRI It 11,•1 tSL , '*pai '/.':> 1 163,L' 
WR I l t I 1 * I !:.SL ' * I - 4 ' 
WR!lt l l 1*1 t.SL

1
'*pa ·2,u 55 Z' ' ' ) ~ / -WRI It 11 1 J lSL ' 1 1 u / 0 0 

WRI It 11;•1 tSL: '•pa ,2,~ , :,,0 1z' 
WRIT!:. 11 *I !:.SL '*I PJ 1J Mr R TtSI CUNUI I IUNS ' 
WRI iE u;•1 Esc ;••pa ,l75,1,5 ,z' . 
WRl 11:. 11

1
1 I !:.SL, ' * I 10 170 lUU ' 

I I Mt' 

151 uvo:,, 
U'L OV4U 
DJ OL/76 
U4 03034 
u, o,1un 
136 05150 
13 ) 05166 
U8 U3L24 
139 0526',' 
l4U 0}52U 
141 053 ':i 6 
14',' 03414 
143 0345'L 
144 
l4'i 05':>lU lOUO CUN l lNUI:. 
146 
l4l UJ,lU 
148 
14'1 03,l,' 
1?0 U>':> 16 
l':>l U>':>:.! O 
l ':>2 05':> t4 
l':>3 03 ':>2 6 
1?4 03,32 
15, 
l 'i6 
157 
1':> lJ UJ':>54 
l'>'I 
l6U 0560 7 
161 0>611 
162 03613 
165 036 1':> 
164 0361/ 
16? 05621 
166 

NUMfAPS = 4U 

Tf'J = o.o 
I I PJ = U 
11 J = 0. U 
I I lJ = U 
!VUL = O.U 
l TVUL = U 

C Set up contro lle r and AIU modules 

WRlll:. ll,*l tSL,'H',l:.SL, ' J ' 

nslot = Ll 
NALT IVE = 6 
MEML = 1 
!P IS = 8 

!S lot Ll 
!6 channel s 
! 10'1. 4 
!a 11 PIS 
! 1 KHz I RA It:. = 12 

ILLOLK = 'L ! internal clock 
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Page 4 6U 11 

16 ) U3623 
168 
169 05654 
170 U563 7 
1/1 
1/'L U564'L 
1/5 U566 l 
174 
17';> U;/1 ) 
176 
177 ll>l'26 
1/8 
179 0j 76> 
ll:!U U3 l/3 
181 U)7J6 
lll 'L 
185 
ll:!4 
lll~ U4UU1 
ll:!6 0400 7 
187 0401, 
11:lll 04U2} 
189 04U51 
190 
191 
19'1 U4U5 7 
lY> U4104 
194 

L 
L 

l)p ts: / / / l,/ I YI '.:i Mon Feb 9 lYll / 'L:04 PM 
IHiEU1LLASSl 6El 1/.~ IN 

CALL I AOJN IT (ns I ot ,nact 1 ve ,memc, 1 pts, irate ., 1c I ock l 

LALL HUMI:. 
CALL CALll:!OAIA 

lJI,! J 11:. ( l * ) ' i.!r.AIJY (I/ II I '/ 

READ (1 , ' / a 1 J ' ) i.!ESP 

UU 'LO I = 11NUMIAP'.:i 

lJI,! I 11:. ( 1, * l '----- - --------51 f:.P ' 1 I 1' 

call exec(l'L 10,'L 1U,-1J 
CALL SAMPLE 
CALL SIEP 

LHAN6t IU !:.Nb. UNI IE 

---- - --- ----- -

AUE\ l) = 
AVl:t 2 J = 
AVEO J = 
AVI:.( 4) = 
AVEl 'J J = 

l'J.6'L'JUU*AVE(l) - O.UUUUUOU !l';>.6'L';>=IUUU.Ul 64 . U 
-2 . U 'J 16 .PAVE ( 'i' J + 0 . 0 0 U U OU U ! UH. M. 
l / ,';, / 416*AV£15J + O.UUUUUOU ! C~M 
U4.16856*AUE(4) + U.OOOUUUU ! inch ale 
00.9'L';> / 'J*AVEI';>) + U.OUOOUUU ! inch al e 

Wk I It. 11 * ) ' Va J u e 1 s ' , I AUt.l J J , J = 1 , ';, J 
Wi.!I fE (9(4U) (AVUJJ ,J=l,'JJ !Write raw aid data to f I le 

~URMAI 1?HU.4 J lY';, U4l46 4U 
196 C ---------- drawing Two - 01ment1ons Flow 197 

------- -------

rnJ 
199 04146 
2UO 04151 
201 041?6 
'LU'2 U4214 
'.LU3 U422L 
2U4 04'L';i; 
LU? 042/'J 
206 043'L6 
20) U4354 
'.LU8 U4544 
'L09 0434) 11 
21U U4431 
211 0447:2 
212 044 /6 
:.iu u4w2 
214 U4?05 L! 
21S U45U/ 

IF I I . EQ. 1 l 6U TO 6 U 
I F ( I . 6 I . 11 J 6U I U l ';> 
WR!lt ll *) ESC '*m3X ' 
CPU= AV~ l';>)ld p{ 
Wk!TE ll,*l 'LP lWU IJIMt.NllUN ='P'U 
READll:!9 *) SLURP 
WR! ft. d *) 'SLOkP = '/iCOi.!P 
SCUR20 = 15U • SCORP ! 11 = (19'J-5U JI !';> 
CP2DU = 6'L + tCPU*6l ! 6 =(15!:!-50) / lll 
IF I I .El,/. 'LJbU lU 12 
WR I ft. l l * ) ESL '* ' XSWU YS2DU SLUfl'LD LP'LlJU '2' 
WR I l t ( 1 1 * J XS'L OU ?sluu scmdo CP'LOU 

1 1 

/. } ) } 

xs:.iou = ~LUR'LD 
YS21JU = Cf-l'LUU 
GO TU 2U 
XS'LUU = ::iCURiU 
YS20U = LP'lDU 
6U I Ll 11 216 04';> 13 

217 
218 

L --------- drawing PRES'.:iURt. OISTRIBUTIUN UPPER SUR~ALI:. -------------------

'Ll9 
'i'2 U U4514 l';> 
tl l 04,14 

CONTINUE 
LPDWU = AVr.14J l dpu 
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f-'age ? Gl:.I IT 

'!.2'1. 0452'!. 
'l.'L> 04??) 
224 04614 
225 U46?6 
2'1.6 04711 
22/ U4 l'!.l 
228 04727 
2'!.9 04 /47 
'!. .rn 0476 7 3b 
'!..H U4)6 7 
2.$2 U477J 
2}.$ U500 7 
234 U'J012 3U0 
'235 U'1U64 
236 o, 16'!. 
'2 57 05234 

Upts: 7/IWIY\S Mon Feb 9 19tJ7 t: :U4 PM 
1Hll:.u1CLASS16ll 1 / .r IN 

WRI It. (1
1
*1 'LP UIS1Nl8UTIUN = ',L~UWU 

IF!CPOWU.Lf. U.UI WR!IE 11,*l lSL,'*mlX' 
!FlCPOWU. Gl, U.0J WI-IIII:. 1\(1 ESL,'*m'1.X ' 

~~t~~~6 ;3 ~t~t~~~8~~~~~3:i~l~'l2 7 
CPOWU = A8SlCPUWUI 
SINANU= S1NlAN6LEUl*CPUWU*l,.0 
CUSANU=COS(ANGLEUl*CPUWU*l',.U 
rnRMAl UFl0.41 
XCURU = 266.0 + lXCURU * J.UI 
YCOI-IU = '1.'IU.0 + lYLUI-IU * / .UI 
JFl 1 .lQ. 12) 60 \U .HU 
WRITE ll *I lSC, '*pa,' XPAC~U YPACPU, 'L' 
WR!TllliJJESCi'*pb, ' ,X~ORU+COSANUJYCURU+SINANU, XLUI-IU,YLUI-IU , ·z• 
WRITE ( *I ESC '*pa ' XPALPU YPALPU 'L' 
XPACPU ='xcoRu t cos4Nu ' ' 
YPACPU = YLURU + SINANU 23tJ 0','14'.2 

239 
24U 
'!.41 0,'!.,u 
242 0,256 

[ --------------DRAWING ~Rt.SSURl:. DIS1R l8UTIUN LUWEI-I SURrALl:.-------­
CPOWL = AVE(',J ldpl 
Ir l LPOWL . L I . 0 . 0 I WI-I I l l:. l l 1 * I I:. SL, ' * m 1 X ' 
l F l L~DWL. 61. U. U I Wri l I l:. l l • I ESC, '* m'1. X' 
I-IEAO('15

1
31:1IANGL,XLURL YLU~L 243 0,.$1 7 

244 Q',;61 
24, u,414 
'246 0,4'24 
247 u,432 
248 0,4,'2 
24'1 0?472 
2?U 05?0'!. 
2? 1 u,51 '!. 
25t. 0,, 1, 31t 
2,> U556 7 
2,4 0?66? 
2,, u,n; 
2?6 U'J / 4? 
'2?) 0? )?) 
2, tJ o,7,4 315 
'2,'I u, 762 
260 o,no 
261 
26'1. 0,7/1 31U 
'26) 05 /77 

AN6Ll:.L = lAN6L/ ltJU.Ul*3.141?92/ 
CPOWL = ABSlCPUWLI 
SlNANL = SlN lAN6Ll:.Ll*LPUWL*l?.U 
CDSANL = L0S(AN6Ll:.Ll*C~UWL*l'J.U 
XCIJRL = '2 66.0 + (XlORL ~ / .UI 
YCURL = '1.'IU.0 + !YLURL • J .UJ 
IF l I .l:.Q. rn 6010 .$U 
Wl-llll:. ll *I ESL '*pa,' XPALPL 1YPAL~L,' Z' 
WRlfEll[JJESCi'Jpb,' ,X~URL•LUSANL 1YCURL+SI NANL1 XCUI-IL,YLUI-IL 1 'L' 
WRITE l 

1
*1 ESC,'*pa1 ', XPAC~L,Y~ALPL, 'L' 

XPACPL = XLURL • CDSHNL 
YPALPL = YLURL • S!NANL 
GOTO >20 
XPACPL = XLURL + LUSANL 
YPAC~L = YLURL • SlNANL 
GUTU Jl'1. 

XPACPU = XCURU+LU~ANU 
YPACPU = YCUf<U+SINANU 
GO TU 30U 264 0600, 

265 
266 L- ----- ------ drawing PRESSURI:. IN Jl:.l ------- ------ -- --- ----
267 
268 060U6 
26'1 060U6 
270 06044 

)2 0 CUNf lNUE 
Wl<ITI:. l l *I l:.SL '*mlX' 

211 U60?U 
212 06101 
'273 U610 / 
274 U611'!. 
275 U6164 .$3U 
2/6 06'262 

P I NJ = AVU 2 1 
1 

Wf.!lTl:. 11
1
• 1 'PSI IN JU= ',PINJ 

PlNJ = P NJ* lU .0 
IF ( I .E.W. 121 6U 10 34U 
WR I fl:. ( 1 * I E.SL '* pa ' XPAP YPAP ' L' 
WRllt (1;_•) Esc:• 1pa;• ;xPAP;YPAP;xPAP+6.0,~INJ+,u, ·z· 
XPAP = X~AP + 6.0 

!~Of< 61-1APH l IU lU 
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Page 6 Gt. I I I Up ts: JI l lJ I YI S Mon 1-eb 't 1'18 / 1 i' : ll4 PM 
/ H j tU/ LLASS/ 61:. f I i , I- IN 

'277 U6i'/U 
278 062/6 
2)9 06304 
280 0630) 
281 06.H U }4U 
'.282 06514 

YPAP = PINJ + '::> U.U 
lPJ = IPJ + AVl:.l 2) 
I l PJ = I Tl-'J + 1 
GU 1U 3'10 
XPAP = 537.0 
Yl-'AP = PINJ • '; U.0 
GU llJ 3 30 

SUM PRtSSUflt. IN Jtl 

283 U6)'2'2 
284 
28? 

L- ---- ------- drawing Tt.MPkEATURI:. IN Jl:.l ---- - ----- - ---------

286 
28 7 U65:D 3'::>U 
'288 06>2.~ 
'289 06361 
29U U636'::> 
2'11 06416 
2Y'L 06421 
293 064 / .) 360 
294 065)1 
29'::> 06, / / 
'2.'16 U660'::> 
'L9 / U661J 
'LY8 066i'l 
2'19 066i'/ 
JOU 066..\2 
301 0663> .P U 
>Ui' U665 / 
>OJ 0664'::> 
..\04 066?) 
3U5 06661 

lUNI INUE 
WI-II IE t l * I !:.SL, ' *m?X' 
T I NJ = AVl:.t l J ! CHAN6I:. l U F , U , a Ht e r * 1 U U LI • U 
WRIIE t 1

1
.*) 'IEMPRE.AIURE IN JEl = · ,1INJ 

II- (I .E.t.1. li'JGUllJ3 / 0 
WRllt. (l,*) l:.SC,'*pa,', Xl-'Al,n-'A1, ' Z' 
Wk 111:. ( 1 / ) I:. SL , ' *pa , ' , XPA T , YPA l , XPA I • 6 , I I NJ- 'L LI • U , ' L.' 
XPA f = Xl-'A f + 6 . U 
YPAl = 1 !NJ - LU.LI 
I H AVl:.l 1) . GI . f I JMAX I GU I U 5l:i U 
!HAVE(!) .LI. ITJMIN) t:,U lU }8U 
l I J = T I J + AVU 1) 
llTJ = IIIJ + 1 

GU TU 38U 
XPAT = 33 ) .U 
YPAl = I !NJ - i'U.U 
IIJMAX = AVUlJ + U.UlU 
ITJMIN = AVt.tl J - U.UlU 
GU l O 56U 

306 30 7 C ------ ----- drawing MASS 1-LUW RAl t --------------- - --- - ----

JU8 06662 >BU CUNl INUt 
30'1 0666'L WI-Il l e. 11 *I ESL '*m6X' 
51U U6/i'U XMASS = /ave t 3Ji 
:m U6n4 WRIT!:. ll/J 'ALFM =' ,XMASS 
312 061?') 11- t I .t.lJ, 1'2 I GU IU 41U 
.l13 06 76U WRlll:. (1 *I bL,'*pa , ', Xl-'AM, YPAM ,' 1Z' 
314 07U32 j ',I U Wfll1E (1;,*) t.SL,'*pa,·, xPAM, YPAM, XPAM•6, XMASS +'::> U,'l. ' 
315 U/ 150 Xl-'AM = X~AM + 6.0 
316 0/ 136 YPAM = XMASS + ~U.ll 
Jl / 0/ 144 1VUL = IVUL + AVt.t>J 
518 U71'::>2 I TVUL = I IVUL + l 
319 0/1'::>'::> GU 10 2U 
..\ '2U U/ 156 410 XPAM = ..l> l .U 
321 0116'2 YPAM = XMASS • '::>U.U 
3i'i' 0/ 170 bU IU ..\9U 323 C- -- - -- - --- - ----------- - - - ---- - - -- - - ------ - --- - ---- -- --- --- --
5'24 0/ 1/1 6U I~ ti . tW. 1) lHt.N 
32'::> U/ 175 OP= (AVl:.t4 J•AVl:.( '::> J) I t ,U 
5i'6 U72U? DPU = avet4) 
3'27 0/'2 11 DPL =ave ( ? I 
3'18 U/21'::> WRI It tl,* ) ·uynam1c pressure: ' ,op, ' inche s al coho l ' 
3'2'1 072'?'2 WfilfE. n,*) 'Is thl5 OK '/_ ' 
33U U/ '2 )! kt.AU tl tall' I Rt.SI-' 
331 o:n:u II- (fit.SP .eq, 'n ' ,or,Rl:.SP . eq . 'N ') Rt.AU ll ,* I UI-' 

! ave 1s AU- M 
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Page / Gt.I I I 

>3'2 U/)6/ 
335 0/ 37? 
>>4 U/ 4U .~ 
jj';, 0/ 411 
336 074'2';, 
33/ 0/447 
338 O/ 'i03 
j)', 0/ ?41 
J4U U76Ui 
34 1 0/ 641 
342 07/0j 
343 Ol/41 
344 lUOUi 
34'1 1UU41 
i46 1Ulll 
34 7 1Ul2J 
)41:l 
549 1u1n 
>?U lUlV 
3, 1 1Ul44 
}?2 lU161 
3?) 10]}6 
)74 
3~7 1U'2U 'JU 
j',6 lll'.il j 
3'J) 1 U:LV 
3,8 1U:2YL 
35Y 1U:L36 
>60 1 u:o? 
361 1U:Lj 7 
562 10'..!71 
365 1U:L6> 
564 lU:266 
367 10272 
366 lUV> 
36 / 1U:L73 
368 
36'1 1 U344 
5/ U lONL 
.m 10360 
372 1U4U~ 
J7) 104:L7 
5/4 1U47l 
3?'7 1U467 
J/6 1U47'1 
37? 10'1U> 
378 
j / 9 10':i'.!7 
31:lU 1U?6J 
38 1 10621 
.}82 1U663 
383 1U 7'2 1 
384 1 U/ 65 
38'1 llU21 
>86 11065 

Upts: //IWIYIS 

UI-' = UI-' I l:L. 

Mon ~eb Y
1 

lYl:l / 1 :t : U4 PM 
I H!tUICLASS/ 6tl I I .FIN 

JR = I I- S + 46 U. U 
81-'t-Sl = !:!PFS• JU, / 5 !LHANbl IU L~/ 1- IS 
OST= 8Pt-Sl ! ll / l6.0*Tfl l . , 
VWl = lU.*l.?) lf·,\ :L . :L*dpJ I LJSl)**U . 'J ! :L*roal c*g

1
delh / roa1r ) 

WR I TE ll ,* J £SL 1 '*mlX' . 
WRllt ll

1
*) !:.SL,'*pa,.>U,> / Uj Z' 

WR I Tt l 1 * ) £SL ' • I U = ' vw • 
WRllt ll;.l lSC;,.pa,>U,3 40 1L' . 
WR 11 £ l 1

1 
* J ESL 1 '* 11 , I- . S. = ' l FS 

WRlll ll *l ESL '*pa JO 31U L
1 

WR 11 t. ll 1 * J ESL 
1 

' * I B '. f-'. 
1 

= ' 
1 

tWf- S 
WRllt. u;•J 1:sc>pa, 3U,:Zl:lU;.c 
WRlll l l *l bl '*ld,p. = 'dp*lL. 
RtN = WSl*VWl*I>. '16 / Ul l'.L. i/13.l:l6J61:le- / 

E.Nll IF 

:LU [UNl INUt. 
LLLlSt.l '1 /J 
LL0SU8Y) 
CLU:it.l Y6 J 
LLUSt.l 'f':i J 

I- URMA I ( I- lll , 4 ) 
All-'J = I lf-'J / I IPJJ* / U, / > 1LHAN6l IU 1811- 1:i 
lrlAIPJ ,LI. u.OITHt.N 

AIPJ = U.ll 
tLSt. 
!:.NU II-A I I J = ([I JI 11 I J J ! LHAN6t. I U I- • U, 

AC~M = !VUL/ 1 IVUL 
I I- I ALI- M , L I . U , U l I HlN 

AU·M = U. U 
!:.LSr. 

tNO Ir 
WR I It. I l , * ) 'Al P J = ' 

1 
A IP J 1 'Al I J = ' , A I l J 1 'AL~ M= ' 1 ALI- M 

AllJ = AITJ • 46U,U 
I 

I- TUR 
UlP = AIPJ • tlPf-Sl ! Iota! Jet pressure 
AMJ:2 = lll.U-lBl+Sl/OIPl**.21:l'J ) ll ! Mach= ll-lp l pd l l**ll.4- l/1. 4J 
VJ= ll:L01L.*A IIJ* AMJ2) 0 ,'J ! l:lUl'L.=:L*R*ll.4/ 1.4-l l 
ATIJ = AlTJ*ltll-'FSl/Ull-'J**.28~ ) 
llSTJ = BPFSl ! ll 716.U*ATIJJ ! Jet density 
AMSSJ =lALrM*llSIJJ / 60. ! Mass flow rate 
UP= l.~71 * >2 . :l * OP ! Lonvert de l ta H to de l ta~ l ql 
LMOM = AMSSJ*VJ/lUP*ll 21.61:l7~•3 .96) J/ l44ll !mV/ qS ILu) 

W~I It ll
1
*l E. SC, '* m)X ' 

WRllE ll/l ESL 1 '*pa,41U,3JU;i' 
WRITt ll *l ESC '* !Cu= ' [MuM 
WRJll ll;*l l:SL:'•pa 141U,3~0,Z' 
WR 11 t. l 1 * J t.SC ' * I VJ = ' VJ 
WRIII:. 11:•J ESL;,*pa 141U,33U L' 
WR 111: 11 , * J ES[ 1 ' * I OST J = ' 1 OS I J 
WR ! It: ll 1* J tSC, '*pa 141U,>1U, L' 
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Page H GU 11 

.m l 11121 
>88 
}89 1116'; 
39U lltlU 
>Y l 11'.:' 35 
>Y'L l l'L6 'L 
393 ll>lU 
394 11';14 
}Y'J 11 ';4 :L 
';96 

Up ts: ///lJ I YI S 

WR l It ( 1
1 
* J ESC 1 '* l Re = ' ,RtN 

wr:: 1 rt I Y 1 , • J LMUM 
WR 11 E ( 91 , * J REN 
WR I 11:Tn , * J UP 
WR l I U 91 ; 6 U IJJ 
SANb = U.U 
WR 11 t l 91 1 61 ) VW I 
WR l I t (Y1 

1
61 J IN I ( :iRNb J 

CLUSttYlJ 

Mon reb Y lYH / 'L :04 f-'M 
IHIEU/ LLASSl bE.l I I.FIN 

>YI 11> ) 4 
398 11411 
3YY 

99Y LUNTINUE. 

40U 1141 1 
401 1141~ 

Module Gt.I 11 
rlN/X 'L'J 4U / 86U21'; 

SIUf-' 
END 

No errors Uata: 1';1;9 !, lank co mmon : none 
No warnings Lode: 4877 Stack size: 1?? 

114 



1-'age 9 l,l:.111 Opt s : 7/ IQTYIS Mon f-eb Y, lY!:! / L:U4 PM 
IH(l:.U/CLASS/Gtl l / .~ IN 

Symbol !able 

Name Address Usage Type Local 10n 

uuuu u>,lUP Stmt number 
!11 0434/P Stmt number 
tlL U4,03P Stmt number 
u, 04514P St mt number 
t2ll 10123P Stmt number 

t >OO O,OlLP Stmt number 
t .HO 05 /? lP Stmt number 

t312 0,,1,P Stmt number 

t313 U,/,41-' Stmt number 
t .H, UOU33R Stmt number 
t32U 06UU6P Stmt number 
t330 06164P Stmt number 
t34U U6}1UP Stmt number 
t3,0 U632>P Stmt number 
t>6U U6473P Stmt number 
t3 70 U66>>P Stmt nu mber 
t3!:!U U6662P Stmt number 
t59U 070>21-' Stmt number 
f4U 00026R Stmt number 
t41U U/1,61-' Stmt number 
t50 UUU4>R Stmt number 
fl;,UO OU016R Stmt number 
t,10 Oll;,56P Stmt number 
t?20 01561P Stmt number 
JI;» 0 Ull30P Stmt number 
t,40 016751-' Stmt number 
t60 07171P Stmt number 
t61 UUOllR St mt number 
t61U OU676P Stmt number 
t999 11411P Stmt number 
ABS lntr1ns 1c l:ieneric 

ACFM OU04L'Q Variab le Real Stack 

ALPHA UU126Q Variab le Rea I Stack 

AMJ2 OUU1;>21J Variable Real Stack 

AMSSJ UU040Q Variable Rea l Stack 

ANGL OU166Q Variable Real Stack 

ANGU:.L 00164LJ Vari ab le Real Stack 

ANGU.U UUllLQ Var 1ab le Real Stack 

ANGU 001 74LJ Variable Real Stack 

ATPJ UUU,4l.J Variab le Real Stack 

Arr J OOU44Q Variable Real Stack 

AVE UUOOU+ Array, l dim Real L Common VULIS 

l:lPFS UUU 71Q Vari ab le Real Stack 

BPF Sl UU046Q Variable Real Stack 

CALltllJA IA UOU21X Subroutine l:.xterna l 

CAMALlJAIA UU042X Common label l:.xternal 

LHAR Int rin5 IC Lhar*l 

CMUM UU054Q Variable Real Stack 

cus lntr1ns1c Generic 

W::iANL 0Ul'741J Variable Real Stack 
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Page 1 U 6!:.11 1 Opts : l/ll,IIYl:i Mon reb ~ 1',tj/ 'L:U4 PM 
I H l t.u1i:.LA:iS1L,!:.111 . r IN 

Symbol !able 

Name Add ress Usage lype Locat 10n 

CIJSANU OU14UW Vari ab le rieal Stack 

CP2lJU OU 176Q Variable Real St ack 

lYIJWL UU16 1Q Va riable 1-<!eal Stack 

LPlJlJU uul/UQ Vari ab le Real St ack 

CPU U0:206W Variable fleal :i tack 

UP OUOiOQ Variable Real Stack 

OPL UUU 77(J Variable Real :it ack 

UPU OU101Q Variable Rea I Stack 

OSI OOU6 /W Variable Rea I St ack 

O:i lJ UUU36Q Vari ab le rieal Stack 

DH' UUU'iU(J Variable Real Stack 

!:SL OU130Q Variable Lhar*l Stack 

EXEC Int rins 1c 
HUME. UUU1U X Subroutine t. xterna l 

1 U0 103lJ Vari ab le Integer Stack 

ILLULK UU214lJ Variable I_nteger St ack 

IN! lntr1ns1 c beneri c 

IP IS 00216Q Va r 1able Integer St ack 

IRAlt. UU:.!l':llJ Variable Integer St ack 

ISlEI-' UUUUO• Va riabl e Integer L Common WH ILH:iLANI 

11 P,1 UOU 64W Variable Integer Stack 

lTl J 0UU61 W Vari ab le Integer Stack 

l TVUL UUU~6lJ Variable Integer St ack 

J OU211 lJ Variable Integer St ack 

Mt.ML uu2l l lJ variable Integer Stack 

NALi IV!: UU220W Vari ab le Integer Stack 

NSLUI UU121Q Variable Intege r Stack 

NUMlAl-':i uu:2UQ Variable Integer Stack 

PI NJ UU114W Variable flea I Stack 

RBUF UU00 3• Array, 1 dim Int eger L Co mmon LAMALUAIA 

riE.N UUU>1Q Variable flea I Stack 

RESf-' OU23UQ*Variab le Lhar* 1 St ack 

:iAMPL!:. U0023 X Subroutine 
Ex terna l 

SANG OU022Q Vari ab le l<'eal St ack 

SCOR20 UU202W Variable Real Stack 

SCORP 00:<'lOlJ Variable Real Stack 

SIN Intrinsi c 6ener1c 

SINANL U0146W Variable 1-<!ea l :it ack 

SINANU UU l>"LW Variabl e riea I Stack 

STEP UU014X Subroutine 
E.x ternal 

lAUINI I UUUl /X Subrout 1ne 
t.xternal 

ffS U00 7>W Variable Real St ack 

1 INJ UU 116W Variable Real :itack 

1 P.J UU06?lJ Variable Real Stack 

lR uuu?,Q Variable flea I Stac~. 

ITJ OUU61lJ Variable Real Stack 

fl JMAX 00 114Q Vari ab le Real Stack 

TTJMIN UOll'.lQ Vari ab le Real Stack 

IVtJL UOU~ /lJ Va ri ab le Real St ack 

VJ OUO 'L6Q Va riable Real Stack 
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Page 11 61::.11 f [)pt 5: /l!QIY! S Mon t-eb ~ l~H i 1:U4 1-'M 
1HIEU/ [LA:i~/ 6ETII .t- IN 

Symbol I ab I e 

Name Addre55 LJ5age lype Local 10n 

VULl 'j 0002,X Common label External 

VLJI UUU14W Variable Real Stack 

LJ8Ut- UUOUU+ Array, 1 dim Integer L Common LRMALUAIA 

LJHICHSLANI OU041X Common label E.xterna I 

XCOR UU224U Variable i'<!ea I Stack 

XCORL OU1?6Q Variable i'<!ea I Stack 

XCURU U0141W Var iable Real Stack 

XMAS:i 0UlU4lJ Vari ab le Real Stack 

XPAU-'L UU160Q Vari ab le i'<!ea I Stack 

XPACl-'U 0Ul44Q Variab le Real :itack 

XPAM UUllUW Var 1ab le Real :i tack 

XPAP UU13UU Vari ab le flea I Stack 

XPAl UUU'2W Var 1able flea I Stack 

XS10U IJU'.204W Var 1ab le flea! :it ack 

YCUi'<! UU 2L2W Variable Real Stack 

YCURL OUl?UlJ Vari ab le Real Stack 

YCORU UU134U Vari ab le Real :itack 

YPALl-'L OU151W Var iable Real Stack 

YPACl-'U UU156U Variable Real Stack 

YPAM OU106Q Vari ab le Real Stack 

YPAI-' UU126W Va ri ab le !,!ea I Stack 

YPAl OOl'LUQ Vari ab le Real Stack 

YS2lJU U01UUU Variable Real Stack 
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f-'age lL HUM!: Up ts : I 111,/ I y J s Mon I- eb 9 1 l '18 / l : u .. f-'M 
IH{l:U/LLRSSIGl: i I / .i- lN 

4U,i 
4U4 
4/J';> 
4U6 
4U ) 
408 
407' 
41U 
411 

L---- ----------------------------------------------------------- -
SUBi.!UU I f NI: HUM!:. 

1Nll:6ti.! WBUl-(jJ(i.!BUl-(3J 1 NRME( 3J 
LUMMUN / LAMACOA A/ W~UI- 1i.!8Ul­
□ArA NAME /U 1 D,UI 

L Home re I ays lrelay lJ 

412 0UU14 
4U UUU'..:'? 
414 0UU3~ 
41? UUU46 
416 IJUIJ56 
41) UU06U 

Module HUMt:. 
1-IN/X l~4U/H6U'..:'l) 

LALL cwR 1 ru 14 1 o 1 16 1 u, u 1 1 J 
CALL EXl:.L ll'..:' name 11u,-,OJ 
LALL LWi.!l 11:d4/U/i61U,U/O) 
CAL L i:XELll'..:'1name1l,U1-,uu1 
Rl:lURN 
ENU 

No errors Uata: 
No warnings Lo de: 

118 

!relay l 
! .~ sec delay 

U sec de lay 

JU 
4tl 

Blank common: none 
Stack size: H 



1-'r.ige Ji HUMt Upt 5: I I I t. I i' I':, Mon t-eb ~ l~t! i 1: U4 1-11·1 

1Hitu1LLA~S16t l 1 !. r IN 

:iymb ol lab 1e 

Name Addr e5s Usage typ~ Local 10n 

lAMALlJA IA UUUO,X La mmon iaoel t derna I 

C~l l t OUUULX Subro•1t in e bterna l 

tXtL ln tr1ns.: 
NAMt OUOUUI< Arrav, i dim Integer lJat a 

1-11:JUr UUU Uj + Array, l di m Integer L Lommor, LAM/.\LlJA li-l 

WIM OUOU U+ Array, 1 dim Integer L Lommon LAMALlJA IH 
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Page 14 Slf.P Op ts : ) /ll,JIYIS 
M~~lE0; ~LA~s1l~~{1 .~1~u4 

PM 

419 
4i'U 
4LI 
4/.(. 
4~j 
424 
4t:i 

C------- --------- -------- ---------------- ------------------------

4i'6 UIJ014 
42i' Ull!Ji~ 
4tti OUU . .l? 
4'1'1 UU046 
430 ouu,u 

Module SIU-' 
F!N/X 'L~4Ul86 U21J 

SU!:Jr<!UU I l Nf:. S "!EI..J 

1N lf:. 6f:.ls! W~U~ (3i (r<!~Ur (3 J1NAMf:. (3J 
LUMMUN ICAMALOA A/ w~u~ ,i-<!8U~ 
DATA NAMf:. 1u, u,u1 

LALL LWflllf:.(l4,U 116 1 U,U,1i'J !relay 'L 
LALL f:. X!:L(12 name I,u, -, OJ 
CALL CWRllf:.(f4,0,f6,U,U,UJ 
1-<!f: fURN 
!:NU 

No errors Uata: 
No warnings Lo de: 

lU 
40 
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!:JJank common : none 
Stack size: 8 



f-' ag~ 1, '::iftf-' Up ts: 7 I l lJ 1 YI :i 
Monl J- eb 'i , m 11, L:U4 f-'r1 

/ H tUILLA:i:i/btl I I .J- IN 

'::iymbo I laole 

Na me Ad dres s Usage l ype Local ion 

LAM ALLJAIA uuuO,X Co mmon label 
txternal 

CWf<IH UUUULX Su brou t ine 
l:.xterna I 

t Xt L 
In t rins ic 

NAMt. UUUUU~ Arra y, 1 dim In teger Liata 

k8UJ- UUUU ) + Array, 1 dim integer L Lammon LAMALUA IA 

W8Uf- UUUU U• Array, 1 dim Integer L Lammon LAMALUA IA 
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Mon ~eb '/
1 

l'/ti / t:U4 ~M 
Page 16 SAMt-'Lt. 

Upt s : 7/t't.llY IS 1Hltu1CLAss1Gt11 1 .r 1N 

43t 
4)) 
434 
455 
4)6 
43 ? 
431:1 
43'/ 
440 
441 
44'2 
44) 
444 uuu1, 
44? 
41:6 
44 / 
441:1 
44'7 uuuv 
4'7 U UO U31 
4~1 OU 041 
4? '.L 
4?3 
4?4 
4?? 
4?6 UUU4 / 
45 / uou,1 
4'.i tl U00?4 
45'1 Li006'.! 
46U 
461 
46L 
46) 
464 
46 '? 
466 
46 ? 
46t! 
469 
4/ 0 
471 OUU63 
4/L 
4d UUUJl 
4/ 4 UU U/':1 
4/ ':1 IJU106 
4/6 
471 
478 
47'1 
4tlU 
48 1 uu 11/ 
4t!t UU1'2 ':1 
483 
484 001 36 
48'? 
41:16 OU144 

L----------------------------------- ------------ ----- ---- ----------
SUl:JkUU f l Nt SAMf'Lt 

* Subr outine to take lUU sample s from 5 channel s and average 

INlEGER W8Ut- t3 J)k~Ur l31 1UAIA l l6UOJ 
Rt:AL AVl:l~J,SLO~t:Sl lUJ, XCl:~I SllUJ 

COMMUN /L AMALORIR/ Wl:JUt- 1 K□Ut-
CUMMUN / LUtFr SI SLUPtS, XLt~I S 
COMMUN IVOLI S/ AVt 

LALL LLMNUl21 1U11UI 
!Clea r U1Ms 

* * Start d191t1z1ng and stop 1mmed1ate ly with ~ IS 

* 

LALL CLMNU ltl U 91 
call execll'2i~ 1_1,0 1-1U J 
CALL CCMN0l 2 ,u, t'?J 

• • lest LAM lor end of conversi on 

~l:JUl-l 1 J = U 
DO WHILt lrbuflll ,eq . Ul 

CALL LRt:AU l3U 1lt 1 ll 
tND OU 

* LAM SU 1KtAU UAiA 

!fl'/) 1start sweep 

!St op sweep 

!ktAU LAM s tatus reg ister 

• Clear LAM 
I 

St, disabled 
1 

16 bit data ll'2 bit AIU) 1 W repeat mode 

* start memo ry KtAO 
* 

LALL CLMNUltl 1 U11Ul 

do 1 = l ':1 
CALL LWki ltl'2 11 U11/ 10116U 1 1) 
LALL LWKI Ttl 211U1 1/ ,0 1 1/6101 

1Llear the LAM 

!KtAU 16 channel$ 
! f 1rs t sample 

• wait lU mSec and start memory ktAU of t'?U poi nts 

cal I ccmndl 21 011UJ 
CALL LWR I It: U ~, U , 17, U, l , U l 

!clear LAM 
!16 bit ucc mode 

LALL LLMN0l 211U1'.!l 

LALL EXtLll 155 +1UUb 1UA IA,lUU J 
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!-'age 1/ :,AMrU 

41:l l UU\7.} 
41:ll:l UU164 
4tJ':i uu1 n 
49U UU176 
491 UU:!UL 
4'1 '!. UUL' U 
4'15 UU21 / 
4'14 UUL'51 
Ll°t? UUt66 
4Y6 UU321 
491 UU402 
491:l OU 43 J 
499 
?IJ0 C 

?Ul 
50'.L U0 443 
~03 Ull 44'l 

Module SAMPLt 
~T N/ X L~4U l 86UL'l} 

Up ts : / / / U I YI :i 

LALL LWk 11 t U U I U i l/ 1 U I U I U J 
CALL CCMNOlL'l,u, UJ 
total = U.U 

Mon
1 

reb '1 l':11:l / ,>:U4 1-'M 
/ HIEU/ LLR~~/ 6tl 11 .r IN 

OU J = 1 lU U 
total= total • datalJJ 

ENO OU 
ave l I J = l tot a I I 1 U U. J 

WR I Ti: l l * J 'Avg = ' 1 ave l 1) 
avet1i = lslopesl1 J * avel1 JJ - xceptsl1J 

wR!Tt ll •J ' fatal = ' total ' M= 'slopesl1J 'tJ= ' 1.xcept sl 1J 
Wk! lE l i 

1 
* J '•000 • 4•AVE *J*******4**' ,AVi:l l j 

ENO DU 
LALL cwRITi:l3U,O,l / ,U,U,U) 

f<'tlURN 
t NO 

No errors Uata: ?J 
No warning s lode: ,'':/5 

!tJack to s1ngte 1 L' 4b1t transters 

tJ lank co mmon: none 
~tack s!Ze: 161'1 
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Page HJ SAMl-'LI: Dpt s: 711\,/IYl:i Mon f-e b ~ l~~ / ~:U4 1-'M 
/ H/i:U/ CLA:i~/ 61:I 1/.FIN 

Symbo l !able 

Name Address Usage Type Loca t 10n 

AVE 
UUUOU+ Array, 1 dim Real L La mmon VULl:i 

CAMALlJAIA OU004X Co mmon label 
Ex ternal 

LCMNlJ OUOOL X Subroutine 
l: xternal 

COl:JF S 
OOU21X Common label 

Exte rna I 

l)IEAO UUU05X Subroutine 
t:: xternal 

LWR 11 t 
OUU06X Subroutine 

l:x ternal 

ORTA 
uOUL2W Array, 1 dim Integer Stack 

1:XEC 
Intrins ic 

I UllU16lJ Variable Integer Stack 

J 
OUOLlQ Variable Integer Stack 

R8Uf-
000 U3+ Array, 1 dim Integer L La mm on LAMALlJA IA 

:iLUPt.S OUOOU+ Array, 1 dim Real L Co mmon t.:UU·FS 

l(JlAL U001 7Q Variable Real Stack 

VULl:i OUOl LX Common label 
1:xterna I 

WBUF 
UUOOO+ Array, 1 dim Integer L Co mmon LAMALUAlA 

XCl:Pl:i 00014+ Array, 1 dim Rea I L Lammon cuUFS 
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Page 19 CAL!8DATA Op ts: 77 IWTY 15 
Mon Feb 91 1987 2:04 PM 
/HI EU/LLASS/t;Ef l t. FTN 

,o, 
'506 
'507 
508 
50~ 
,10 
'511 
512 
'513 
'514 00U26 
,1, 00055 
'516 00061 
'517 00117 
518 0012 7 
519 0013 7 
520 00174 
521 00200 
522 00LU0 
'5:23 
524 00215 
525 00217 

SU8ROUflNE ca l1bdata 

* SU8ROU1 1NE to RtAD cal1brate 1on data from sequential File 
* ca l 1b.data. record 1s m,c, r 1 1channel 

d1mens1on slopes(lOJ,xceptstlOJ 
common /coeffs/ slopes,xcepts 

openi.90,file = 'cal 1b.dat' J 
DO 10 1 = 1, 5 REAUl.90,*J slope,xcept,dummy,1channel 

s lopes( 1channel J = slope 
xcepts( 1channel) % xcept 

WRITE 1.1
1
*) 1channel,slope,xcept 

10 CONT INUE 
20 FORMAT 13Fl2.6,13) 
30 CLOSEl90J 

RETURN 
END 

Module CALlBOATA 
FTNJX 25401860213 

No errors Uata: 24 
No warnings Code: 143 

Blank common: none 
Stack s ize: 1~ 
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