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ABSTRACT

Title of Thesis: Experimental Evaluation of Circulation

Control Aerodynamics on a Cylindrical

Body
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 1ift 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

€limination of the helicopter tail rotor.

Part B: Basic Aerodynamics of Circulation Control

The aerodynamics of the circulation control concept

is baseq 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

attacheq 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

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

1llustrated in Figure 1.



Part c: Background

The Coanda effect was discovered by Henri Coanda in
1910 while developing the design of an early biplane.
When he trieq to deflect the exhaust of the motor (to

avoid burning of the wooden wing) the hot gases ended up

flowing over the curved wing surface. This phenomena is

well known today as the Coanda effect (Ref. 2).
The early work on circulation control aerodynamics

Was 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 circulation control rotor was

built and tested to obtain hover performance data.

In the last two decades, considerable research on

Circulation control aerodynamics has taken place at the

Daviqg ., Taylecr Naval Ship Research and Development Center

(Review Paper by Englar and Applegatef. They performed

eXtensive wind tunnel testing on circulation control wing
Models and evaluated their performance for several
different design variables including airfoil section,

thickness ang camber, slot height and position, blowing

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

Coanda surface. They also explored circulation control

Fotors for helicopters, as well as, stoppable rotor

Vehicles through scaled model testing in the wind tunnel.



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 80 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

Alrcraft 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).®:7

Another application of circulation control

dérodynamics 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

©°f the main rotor blade, lift can be generated to

Counteract the main rotor torque. The no-tail-rotor

3



(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

€Xperimental data base for circulation control airfoil.

Part p: 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

Tesults. Flow visualization tests were completed using

oil, smoke, and tuft metheds. In addition, the flow field



around the circulation control cylinder was surveyed by

means of total pressure, yaw and pitch 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.

[$2]



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 angd temperature, and mass flow rate were

Measured. The model surface pressures were recorded using

two multi-gauged scanivalves which were referenced to the

6



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° to 1.47 x 10°. No
significant effect of Reynolds number on the data was
nNoted and a dynamic pressure equal to 10.5 1lb./ft.ft. was
chosen to allow for a wider range of momentum coefficient.
The maximum momentum coefficient Cu was limited to 0.16

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.

Surface flow patterns were observed using the oil

flow technique.
Flow field surveys using total pressure, pitch

and yaw probes were made at cu = 0.0, 0.04, 0.093

and 0.105.



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 bulilt 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 0.0C01 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

8



pressure taps, located around the model at the midspan
(see Figure 10). In addition, 30 pressure taps were
bPlaced at other spanwise locations to verify the two
dimensionality of the flow. Figure 11 shows spanwise and
chordwise pressure 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
section 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



in Figure 17. These scanivalves connected individual
Pressure lines to the pressure transducers (one for the
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 equipment was used to convert
the data from analog to digital values. This system
includes a 4012 Traqg system controller, a 8212-32 channel
100 Xhz digitizer, five 8800-32 k memory modules, four
1008, 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 HPF 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

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

two compressors produced a maximum output of 90 cubic feet

Per 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

10



were operated for about 15 minutes. Therefore, a cooling
System was designed to keep the air flowing into the model
at a constant temperature. This system is shown in Figure
20, and the inside is shown in Figure 21. It included
thirty five foot long copper pipe coiled inside of a
Cylindrical 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. Samplg output displays are

Provided in Appendix 1. The program listings appear in

Appendix 2.

Part E: pata Reduction

Measured surface pressures were converted into local

Pressure coefficient values and then integrated to obtain

the 1ift coefficient. Some of the lift coefficients

Calculated by computer program were checked, using

11



graphical measurement methods of the plots of q) 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.
y-1

P
i Y o

The momentum coefficient was then defined as

mv
C, = 4,5

The equation below was used to calculate the pressure

difference in terms of vertical inches of the manometer

fluiag.
AP = pngh

The free jet wind tunnel velocity was then obtained

as
g w [EARIL/2 . [93; (P -pg)] /2

w

12



CHAPTER III

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°) 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.

13



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

14



to completely sample data around the cylinder. Also,
a part of the graph indicates the quality of the two-
dimensional flow 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-dimensional flow was obtained. At the left
half of the graph, surface pressure distribution with
surface angle is plotted. Blue and red color lines
respectively 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
coefficient is determined by integration of surface

pressure at a cross section. For this test, the 1lift

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 bhar plot shows that the
M

leading edge stagnation point shifts toward the lower

surface. There is increased suction pressure on the



upper surface. The pressure on the lower surface as
well as at the trailing edge is only slightly
effected from the no blowing condition. 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 jet was 19.8 cubic feet per
minute. The surface pressure distribution plot with
surface angle shows the separation point on the upper
surface of the model has moved substantially toward
the trailing edge with blowing. On the other hand,
the separaticen 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 ¢, = 2.07 is obtained.
Figure 28 shows results for a larger blowing

rate (C = 0.109). Now there is a larger increase in
H )

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

10



coefficient along the leading-edge remained constant
where as the pressure coefficient along the trailing
edge was not uniform spanwise. The spanwise pressure
coefficients, which vary from 0.0 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
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 C,. 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
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 lccation 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 surface pressure

distributions with changing blowing level. It is

17



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 increasing 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 1lift 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

1€



is obtained as CQ = -0.17. This small negative value
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
U

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 were 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 upper 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

1
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blowing. The suction pressure on the upper surface
increases with increasing blowing momentum, whereas
the suction pressure on the lower surface is only
slightly reduced with increasing 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 for

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 distribution 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 angles 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
M

20



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 1lift coefficient plot

with changing blowing momentum. A maximum 1lift
coefficient of 5.6 occurs at blowing momemtum

coefficient 0.14. 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

In 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 1lift coefficient of

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

Pressure distribution for a cylinder with large

blowing rate (C, = 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 Cu)’ Test condition

pPlots 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 0.0 to 0.0913. Figure 42

shows the suction 1ift 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 (¢, < 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 Abrahamscn

(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 1ift coefficients for a

given Cu‘ The overall behavior appears quite

identical for different clot locations.

B: Flow Visualization Tests

As previously discussed, the flow field appears to be

three dimensional at larger values of the momentum

Coefficient, due to the 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 identificaticn of the flow

field phenomena involved with the larger value momentum



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° with the angular slot
pPosition 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. 0il Tests
0il 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 (Cp = 0.135). The oil
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accumulation on the upper surface consists of four
weakly developed recirculation patterns. Two rotate

counterclockwise and the other two rotate clockwise.
These o0il flow patterns suggest that the flow is not

uniform along 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
swirl patterns located about the cylinder center

line. Figure 47 shows the oil flow patterns formed

on the end wall with blowing 91 of 0.09. One can see

two 0il swirl patterns merge into one that rotates

counter clockwise. It is interesting to note that,

this o0il 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 Cu 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 contrel cylinder with blowing

(Cu = 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
These two streamlines seem to merge together

The

below.

~downstream of the model in a circulatory motion.
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 came location but further
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downstream. The smoke study shows the presence of

shed vortices at the surface of the cylinder.

3. Tuft Wand Test

The flow field 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. It indicates that a

Vortex appeared to be rotating counter-clockwise in
the flow. The distance from the end wall to this
vortex is about the same distance as between the end

wall 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 processing
unit where it is processed. The processed data is

converted to color bkands 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
bPerpendicular to the spanwise direction (chordwise)
Data was obtained using total

of the cylinder.

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

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

total pressure level, b. yaw direction, and c. pitch

A sketch of the survey station location
The

direction.

relative to the cylinder model is also included.
color code for the color video data 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 frem 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 for the data

Obtained by the pitch probe uses black color to
represent downward flow direction from (-30 degrees)

and white color to represent upward flow direction

from (+30 degrees).

Figure 56 (a) shows the spanwise 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 red and dark green

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, b and c) shows no change
in color along the span, suggesting that spanwise

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

the cylinder with blowing at C, = 0.105. The
location of this survey is the same as the location

Survey of Figure 56. The total pressure data in

Figure 57(a) indicates that the large white color
region seen in the zero blowing condition (Figure
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
regicns. It is interesting to note that the
locations of these small wake regions correspond to

the locations of the weakly developed recirculating

0il 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.
red color at the top of the survey indicates strongly

A large region of

downward flow.
Figure 58(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. Again, random
dark blue and yellow colors which cover the entire

surface of the survey indicate 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 cylinder.
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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Figure 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:

l. 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

°nly for small blowing momentum (C < 0.064).
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 the
lift curve slope due to the level of blowing required for

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 1ift coefficients for a given blowing momentum.

8. Measured lift coefficient with the angular slot

location at 105 degrees results in a good correlation with

a@nalytical 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 ¢ = 0.09, the oil flow patterns observed
M

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

°f wing-wall interaction at high angles of attack.

11. 0il flow patterns indicate four weakly developed
recirculating pattefns corresponding to four wake regions

Observed with a total pressure probe survey.

12. At high ¢ values, tuft wand and smoke probes
v
Show the existence of vortices which appear to shed from

the surface of the cylinder, and interact with the

Separation wake further downstream.

13. Color video displays of total, Yyaw, and pitch

Probe surveys show that the circulation control concept

34



i i ake separaticn
id ignificant reduction in the w
Provides a s
L surveys also
Color video displays of yaw probe
1l4. Co

the model, and

ield model such as
h vortices suggest a flow fiel
15. These

that in Figure 60.



10,

REFERENCES

Englar, R.J., et al., "Design of the Circulation
Control Wing STOL Demonstrator Aircraft," AIAA Paper

79-1842, August 1979.

Rotor and wWing, October 1986.

Cheeseman, I.C., "The Application of Circulation-
Control by Blowing to Helicopters," Journal of the
Royal Aeronautical Society, Vol. 71, July 1967,

Pp. 451-467.

Englar, R.J. and Applegate, C.A., "Circulation Control
=~ A Bibliography of DTNSRDC Research and Selected
Outside References," David W. Taylor Research and
DEVelopment Center, Bethesda, Maryland, Report

DTNSRDC-84,/052, Sept. 1984.

Barnes, D.R., Bill, F.A. and Wilkerson, J.B.,"
Circulation-Control Rotor Flight Demonstrator Test
Program," Presented at 35th Annual National Forum of
the American Helicopter Society, Washington, D.c.,

May 1979,

Reader, K.R., Kirkpatric, D.G. and Williams, R.M.,
Status Report on Advanced Development Program
Utilizing circulation Control Rotor Technology,"
Presented at Fourth European Rotorcraft and Powered

Lift Aircraft Forum, Sept. 1978.

Linden, A.w. and Biggers, J.C., "X-Wing Potential of
Navy Applications," 41st Annual National Forum of the

American Helicopter Society, Fort Worth, Texas,
May 1985,

Logan, A.H., "Design and Flight Test of the No Tail
Rotor (NOTAR) Aircraft," 38th Annual Natlonal'Forum of
the American Helicopter Society head at Anaheinm,

California, May 1983.

Chopra, 1., "Dynamic Stability of a Beariﬂgless
Circulation control Rotor Blade in Hover," the
American Helicopter Society, October 1985.

and Chopra, I., "Aerodynamic Force

Sun, » i P :
+ M., Pai, 8.1I., ical Circulation Control

Calculations of an Ellipti
Airfoil," J. Aircraft, Vol. 23, Sept. 1986, pp .673.

36



&1

12,

13,

14,

15,

Raghavan, v., Pai, S.I., and Chopra, I., "Unsteady
Fgrce Calculation on Elliptic Airfoils with
Clrculation Control, D.S. Thesis, August 1987.

Englar, Robert, J., Trobaugh, Lynn A., and Hemmerly,
Rodney, A., "STOL Potential of the Circulation Control

Wing for High Performance Aircraft," Journal of
Aircraft, 15(3), March 1978, pp. 175-181.

Abramson, J., "The Low-Speed Characteristics of a
15-Percent Quasi-Elliptical Circulation Control
Airfoil with Distributed Camber," DTNSRDC ASED

Report 79,07 (May 1979).

Winkelmann, A.E., "Flow Field Surveys of Separated
Flow on a Rectangular Planform Wing," AIAA Paper

81-0255, January 1981.

Winkelmann, A.E., Ngo, H.T., Tsao, C.P., Lopez, D.,
and Paragiri, S., "Computer Driven Color Video Display

Techniques for Flow Field Surveys," AIAA Paper No.
83-0495, January 1983.

37



- T

1 Basic Circulation Control Aerodynamics

38



Figure 2 An RSRA/X-wing Verticle, Shown at Sikorsky Aircraft Stratford Facility
(Ref. 5 )
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Figure
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Air Supply Plemum and Pressure Tap Connection of the Mode)
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11

Spanwise and Chorwise Pressure Taps at Midspan

{1ooking from outside)
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Figure 12

Total Duct Pressure and Temperature Probes Were Located Approximately
at Mid Span of the Model



Total Duct Pressure and Temperature Probes Leading Qut of the
Model Through an End Cover
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Figure 14 Hardware Connection for the Wind Tunnel Test



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-Panel Scani-Values



Figure 13 CAMAC/Larch A/D Equipment

Figure 19 Compressors and Motor Used to Supply Air for the
Trailing Edge Blowing
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Figure 20 0
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MENU
main testing menu

22

|

CALIB.FTN :To calibrate pressure trandusers.

Z

GETIT.FTN :To read the pressure distribution
// of the model.
RENAM.FTN :To name the pressure data set and

// store in the disk.

— __ CPDGL3.FTN :To display pressure data.
AN CPDGLS5.FTN :To plot pressure data.
g

N

s\\ PCP.FTN :To plot multiple data files
\\\“\ DELH.FTN :To compute delta H for a certain

, Re
. VELCHK.FTN :To check velocity.

Schematic of the Program for Force Measurement Tests
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e

, TUBES.FTN  :To surevy the flow fiel using
// total pressure, yaw,and pitch
5 probes.
1

s g EX.FTN

:To name the data files and
C.V.D. testing menu

store in the disk.
N

| \>._ CPC.FTN

:To display the surey data.

. DRAWN.FTN :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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Pressure Distribution

Cp
Measured Cl=.482E-01 ,, Upper Surface
. ZERO BLOWING oo LOwer Surface
80104 _ Theory Data
£l N
-4t

SP, DPA DTy MFR 5 Test Conditions
21 107170 7100

2 -
L ¢ oo o )
4t
L] 9 WA ¢
6 1 1 1 ..2 0 60 0 00000000000000000000000000000000000
SURFACE ANGLE 0 X/L |

Figure

26

Data Display of Pressure Distribution for the Cylinder with

Zero Blowing and ¢ = 90°
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Figure 33
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Figure 50A Smoke Flow Study on the Cylinder Model
(injected upstream)
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Figure 83 Smoke Flow Study on the Cylinder Mode!

{injected downstream)
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APPENDIX 1

MENU

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

choose nine different sub-programs.

1.) wusing the HP 1000 A900 Series computer as the controller and
processor to calibrate the pressure transducers

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

1q 1 ;
) to computer Ay . for a certain Ry,

8.) to check velocity

9.) to quit

CALIB. FTN.
This program calibrates data taken from CAMAC Lacrog A/D equipment,

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

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 AH vs. Voltage of

Channels five (Duct (plenum) total pressure) and AH 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 graphically

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, M and using equation (| ) to calculate the momentum coefficient. A]l

of this data is stored in temporary data file for future use.
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APPENDIX II

File: /HIEU/LLASS/MENU. LS

Created: lue Mar 3, 198/ 4:45:78 pm
Updated: lue Mar 3, 1987 4:43:52 pm
Printed: Tue Mar 3, 198/ 4149119 pm

- ' :

T il E E L

e ¥ E L
#
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L e
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Page 1 MENU

Z

3

4 FREERH
5 ¥

6 * main
/ * with
] *

9 ERRRER

18 $

20 00226
21 00231
22 (0234 5
25 00255
24 VU220
25 VU303
26 U316
2/ L0351
28 00344
29 10357
IRy
51 0u4ly
32 00420
33 00433
34 00446
35 0l461
36 00475 LU

38 0U4723

40 1U506
41 00526
42 00527
43 U534
44 QU537
45 JUb40
46 NUb62
47 (0b/4

49 Uuv /73
50 V0474

Module MENU
FINZX 25407860213

4145 PN

Upts: /2//UY1 fue, Mar 5, 1987,
JRIEU/CLASS/MENU. F TN
pragram menu
**l*l!illi*!ﬂ*}{li*l{
menu from which sub programs are scheduled
walt.

!l*}ll*{********il**i

integer bufr(1),progts,s)
character*l esc,C
character  pname(8)*é
equivalence (prog,pname)

common // slopes,xcepts,coeffs
hrenam ,6hdrult ,6hpltit ,éhpep

data groq /6hcalib ,6hgetit ,6

thdelh 6hvelchk/

esc = char(2/)

C = ' '

write(1,%) esc,'H’ esc,'d’

write (1,%) ‘'Main festlng Menu'

write (1)%) IERRRRRIRERR rxxER!

write (1,%) '

weite(1,%) "1 ... to calibrate.’

write(l,#) '2 ..., toruna test.'

write(1,%) '3 ... to rename data set (getdata.dat).

write(1,%) '4 ... to display data.’
lot data.’

write(1,%) 'o ... top
write(l,*) '6 ... to plot multiple datafiles together.’

write(1,#) '7 ... to com ute delta H for a certain Re.
write(1,#) '8 ... to check velocity.’
write(l,%) 9 ... 10 quit.’

write(1,10)

format(////,4x, 'tnter 2 number (1 - 90 & ")

read(1,*) butr
1 .or. bufr .gt. ¥) then

1t (butr .1t
go to ?
alse 1f (bufr .eq. ¥) then
stop
else v
jerror = Fm RpPro?ram(pname(bufr),pnametbufr),c,n)
call exec (¥,prog 1,bufr))
end1f
goto ©
end
No errors Prog: 48U Blank common: <
Save: none Local EMA: none

No warnings
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Page 1 LETII Upts: 2701 1S Mon, teb ¥, 198/ 2104 BN
/HIEU/CLASS/GETITLEIN
2 $cds on
5 $tiles 0,7
4
Z Program LEIT]
/ (s i i s i S S e S
8 L
13 E Program to take data from circulation control cylinder
11 L Harduware:
12 Lea type
1) L 1. 4012 - Tragl sgstem controller
14 C 1. 8212 - 32Ch 100khz digitazer
1% [ 5. 8800 - 32K memory modules
16 L 4. 1008 - 8th amplitier
17 L 1. 2216 - 16Lh relays
18 L
17 L Data taken 1s:
pal| 5
21 C 1 - lemperature in cylinder
22 U ¢ - Pressure 1n cylinder
s L % - Mass tlow rate
4 L 4 - Pressure taps on cylinder surtace
52 L Y - Pressure taps on cylinder surtace
L
2/ L kelays used to trigger step and home scanivalue.
2 C 1= fone
29 L 2 = step
U L
5% fe Program run from menu and data displayed by drutt.
[ =
33 L Data written 1nto getdata.da§
;3 L Gecord 18 Chl,LhZ,Ch3,Cha,Che  (F10.4)
B
2 C 1/20/86
37 C
8 D oo R o S S m S S S
39
40
41 ( WBUF 1s data written to 3988
42 U RBUF 15 data KeAD from 3¥8H
22 L DAIA 15 sampled data
49 INTEGER WBUF (5) RBUF (37, NEWDRTAL4)
46 DIMENSIUN AVE(Y
2& LHARACTER*1 k5L, RESP
49 LUMMUN /LANMALDAIA/ WBUF KBUF  tDefine common blocks
2U CUMMUN ZUULIS/ AVE
;3 COMMUN ZWHICHSCANLZ 1STEP
5) 00062 UPEN (92,P1Lt='Uﬂlﬁﬁ.DRI'J tLylinder surtace coordinates
%4 JU111 OPEN (89, ILE="XYD201.UR1") 12D tap coordinates
5% 00140 UPEN t96,FlLE=‘XYTU1.DR|‘) IUpper surtace tap coordinates
b6 U167 OPEN lV&,FlLt='XYIL1.DAl') iLower surface tap coordinates
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Page 2 bLETILT Upts: Z7Z0IY1S Mon, keb 7 1987, ZiU4 PN
/HIEU/CLASS/GE T T ETN
b/ U216 UPEN (91 FILE="LEIDAIR.DAT") Wutput file
Zg uuz4b ESC = LHAR(2/) 'tSLape character detinition
60 DU2YY WRITE (1,%) ESC,'H',ESL,"J! 'Home & clear display
61 QU3su WRllE (1, *) Tet1t Pro fam' 'Header label
62 00359 WRlTE (1 ) RREERRERERRERS
65 UU4U2 WellE 1, R
64 0142/ WKIIE (1)%) 'Do you want to change freestream variables? (y/n)i _'
65 U04h4 SEAD(L,  (a1) 1) KESP
86 UUb04 IF (REG U 'y’ .UR. RESP .EU. 'Y') IHEN IKeset conditions
6/ 00922 WRITE (1,%) 'enter free stream temperature (F)
68 VU4, READ(1,%) I+S
6y UUh/1 WwRIE (1 ,*) 'Enter barometeric pressure (in Hg)t _
70 VU616 RtﬁD(l *) BrFS
71 U64l ELSE
72 00641 1FS = 90,0 IPreset conditions
73 Ul64Y BPES = 29.98
74 00651 END 1F
/9 UleY1 WRITE (1,%) "
/6 D676 610 WRITE (1’%) ‘'Enter angle of attack: _ !lnquire RoA
77 00723 READ(T,* RLPHR
/8 00745 WRITE (1,%) ESC,'H',ESC,")! 'Home & clear display
79 01020 WRITE (v1,61) TFS IWrite temperature
80 01046 WRITE (Y1, '61) BPES | & barometric pressure
81 01074 WRITE (91]61) ALPHA | & angle of attack
b U122 61 FOkMAl (H0.® | to output file
B4 01122 WRITE (1,%) ESC, "*m/X'
85 01160 URLTE (17%) ESC, "*pa, 130,205, 130,37%,4U1, 572,401,202 J150,205,2°
gg 01216 WRITE (1, *J tbL ok’
B8 01224 KEAD (97,500 ,END=520) XLUR,YCUR
8
z% U130% 500 FURMAL (2F10.4)
92 013Ub XUUR = XLUR¥Z.0
35 1513 YLUR = YCUR*Z.U
4
35 01521 WRITE (1,*) tbt,'*pa,',XEUR*/‘Zﬁﬁ,YLUH’/*Z?U,'[‘
6
97 01413 pu 910 1=1,40U
Y4 U141/ READ(Y/Z, "o, ENU=520) XLUR , YLUR
99 01450 XLOR = KLUR*Z.U
LUl Ul456 YCUR = YLUR*Z. U
101 V1464 WRITE (1,%) ESL," *pb, ,XLUR*/+266,Y£UH‘/*29U,'Z'

102 U159 210 CUNTINUE
103 U1562 520 LONTINUE

104

105 01562 WRIIE (1,4) ESL,'*pa,130,180,2'

106 U1620 WRITE (1)%) ESL) *m/X'

%0; 01646 URITE (100 ESL)'#1 ALTUAL PRESSURE DISIRIBUTIUN'
I

109 01714 WRITE (1,%) ESL, *méX'

%%g 01792 WRIIE (1, ') tbL *pa 0,50, JU,1%4, 199,1%8,1%% 00,00, Y0,L
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Page 1T Upts: 2/7WIYIS Mon. Feb ¥, 198/, 2:04 PN
PR SRR i H{EU/LLASS/6ET LT HIN
112 201U 00 b3U 1=90,198,6
115 12014 WRITE (1) ESC, *m6X! ‘
114 02092 WRITE (1, 'x) £SC,'*pa, 27,1, 33,00,
%%5 02130 30 CUNTINUE
b
117 02139 WRITE (1,%) ESL, )
118 02173 WRITE (1)%) ESC, " a }}/ b, 337,150,511,150,511,5U, 337,704
119 02251 WRITE (1,%) £SC) '*pa, "590" 0 320,150, !
120 U226/ WRITE (1)%) ESC, ‘*pa 990 50,290,191, Z
121
122 02325 U 540 1=50,190,1
125 02331 WRITE (1%) ébL o . i o
124 12367 WRITE (1)%) ESL, " *pa 310, 1,322 oo ol
125 02445 WRITE (1)%) E5C)" NATY S
126 02503 WRITE (1,%) ESC, *pa 29,1, ,zv ol ol
127 12561 URITE (1)%) ESC, *mé! S
128 U261/ WRITE (1,%) ESC,'#pa,341,',1,",347,", 1,74
%33 026/5 540 LUNTINUE
131 02202 WRITE (1,%) ESU,'*n/X’
152 02740 WRITE (1 ’) ESL, *pa, 29,39,
133 02/76 WRITE (1)%) ESC,'*12 !
154 03034 WRITE (1)%) ESC, #pa, 2,20, 1)
135 3072 WRITE (1) N FSC)*1Lp Ul DIMENST IUNAL LK.
136 U310 WRITE (1)%) ESL, ‘*pa 2,163,
137 03166 WRITE (1 ¥) LbL 4'
159 3224 WRITE (1)%) ESL, '*pa 250,39 z' ;
%39 03262 WRITE (1,%) Eg' 2 z&»bzu 0 Mt
40 03520 WRIIE (1)%) ESL,"*pa, y
141 0}356 WRITE (1,%) ESL, '.ﬁ iJ R TES| LUND1 1 TUNS
142 03414 WRITE (1,%) ESC,'*pa, 155 15 |
%43 V3452 WRITE (1 %) EbL ¥ 10 1/0 100
44
%45 U510 1000 CUNTINUE
46
14/ 351U NUMTARS = 4U
148
149 03512 P =
150 05916 IR = 1
151 05520 11J = 0.0
192 03924 11 = U
193 U3h26 oL = 0.0
194 03932 [TuoL = U
155
i‘;() L Set up controller and A/ modules
7
ibu U35 34 WRITE (1,%) ESL,"H',ESL, ")
by
160 U360/ nslot. = 1 odsglot 21
161 U361l NALTIVE = 6 16 channels
162 03613 WEMC =1 U4
163 03615 PIS =8 tall PIS
164 0361/ RAlE = 12 !l KHz
169 03621 JLLOLK = 2 Iinternal clock
166
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Page 4 LEIII Opts: ///UIY15 Mon, Feb 9, 1987, 2:04 PN
JRIEU/LLASS/GET LTLF TN
%25 03623 CALL IRDINlT(nslot,nact1ve,memc,1pts,1rate,1c|ock)
16? 03654 LALL HUME
}/g 03637 LALL CALIBUAIA
Vs
172 03642 WRITE (1,%) TRERUY 20000t
%;5 U366/ ReAD(1," (al)") KESP
4
};5 s’/ po 20 1 = l,NUﬂlﬂFb
6
177 03726 U TEROIEE ) ¥essomenntaias GIERLY 1, " —ommemmms=ons
178
179 03763 call exectlz,0,2,U,-1)
180 u3//3 LALL SAMPLE
%Bl 03776 LALL SIEF
g7
183 (i LHANGE TU ENb. UNLTE
184 ¥
18% 04001 AVE(L1) = 1Y, 6290U*AVE(L) - 0.0000U00 !19.625= Luyu. U764,
186 04007 AUE(Z2) = -2, U5163*AVELZ) + U.u0uuOUL DM, 1.
187 04U1% AUE(3) = 1/, 5/416*9UE(}) + D.0UbLUOU b CEM
188 04023 AVE(4) = U4.16856*9UE(4J + U.UUUUUUU !lnCh alc
%39 04031 AVE(H) = 00,925 /9*AVE(Y) + U.uu0ouuY linch alc
Y0
191
192 u403? Ukllt (1.%) ‘'Value 1s ',(AUEWLJ), J=1,%)
195 U4104 wRITE 1, ) (AL (J) ,d=1 %) tuir 1 te rau a/d data to file
194
}Vb 4146 4l FURMAT (DF1U.4)
b
19/ [ -=--=m=--- drawing lwo - Dimentions Flow =--====-===""""
198
199 04146 IfF (1 .EQ. 1) LU U 6U
200 04151 0 g ) ) U 10 12
201 U041%6 WRITE (1 ¥) ESC, " *miX'
2072 V4214 CPUY = QUt(bJ dE
203 04222 WRITE (1,%) TWU DIMENTIUN =',LPU
204 04255 READ(BY ,*) bLURP
b 14275 WRITE (%) "SLORP = ', SCORP
206 04326 SCURZD = 3U + SLURP 1l = (199-300/1Y
207 V4334 LPZUU = 67 ¢+ (LPU*O) I 6 =(194-90)/18
U8 V4344 JEW. 2)bU ]U
209 04347 11 NR1TE il ESE, " e L XbZUU Y520U, SLURZD, LP2ou, 2!
210 U4451 WRITE (1 *J XbZUU bZUU bLUR U, LPZUU
211 04472 X520U = SLORZD
217 04476 YS20U = LP20U
213 14502 G0 TU 2U
214 V4505 12 x520U = 5CURZU
219 1450/ ys20U = LP20U
i%g 04513 LU 10 11
218 [ m=mmm==-- drawing PRESSURE DISTRIBUTIUN UPFER SURFALE =-=============="""
219
20 V4514 1% CONT INUE
221 14514 CPOWLU = AUE(4)/dpu
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Upts: 7//UIYIS Mon, Feb Y, 198/ 2104 PN

Page 5 GEIIT
Hleu/eLAsS/GE L LT FIN
222 14522 WRITE (1,%) 'LP DISIRIBUTION = ', LEDWU
225 U4b5} IF (CPOWULT. U.U) WRITE (1,%) ESC,"*nlX’
224 14614 IF (CFOWU.G1. U.0) WRITE (1,%) ESL,"*mX’
225 V4656 READ (%6 ,315) ANGU, XCURU, YLURU.
226 04711 ANGLEU 2 (ANGU/16U.0)%3, 1415927
227 04721 CPOWU = ABS(CPOWU)
298 04727 S |NANU=SIN(ANGLEU) *CPUMU*15.. 0
229 04747 CUSANU=COS (ANGLEU) *CPOUU* 19 U
230 04767 315 FURMAT (3F10.4)
231 14767 XCURU = 266.0 + (XLURU * 7.1)
282 14777 SCORU = 290.0 + (YLURU * 7.0)
235 15007 IFCL LEQ. 12) U 10 31U
234 15012 300 URITE (1) ESC, "*pa, ' XPALFU, YPALPU, 'L
255 U564 WRITE(L,#IESC, b, ', XCURU*LOSAN YLURU#S INANU , XUURU, YLURU, 2"
236 Ub162 WRITE (1, *) ESC, "*pa " XPALPU, YRALRU, "¢
247 19234 XPALPU = XLORU + LUSANU
%ig %242 YPACPU = YLURU + SINANU
240 [ smmamanammsas ORAWING PRESSURE DISTRIBUTIUN LUMER SURFALE---=-=~-
241 05250 CPOWL = AVE(Y)/dpl
242 1525 b (CPDWL.LT.0.0) URITE (1,*) ESL, "*mlX
243 Ub317 I (CPOWL,GT.U.U) WRITE (1,%) ESC,"*m2X’
244 05361 READ(%9 , 315 ) ANGL XCURL  YLURL
24b 15414 ANGLEL 2 (ANGL/ 18U, 1)*5. 141592/
246 05424 CPOWL = ABS(CPUUL) _
247 15432 SINANL = SINCANGLEL)*LPUUL*19. U
248 09452 CUSANL = LUS(ANLLEL ) *CPUWL*1%.0
249 09472 XCURL = 266.0 + (XUURL * 2.0)
250 05502 SCURL = 290.0 + (YCURL * /.0)
251 15512 IF (] .£Q.12) UMD 513
292 1h15 317 WRIIE 11,4) ESL, *pa, ' XPALPL YPALEL, "¢ \ |
b5 1996/ WRITEQL,$IESC, " ¥pb, ' XCURL *LUSANL YCORL #5 I NANL , XUURL , YLURL, "¢
254 (9665 WRITE (1,%) ESC, " *pa XPALPL, YPALPL,
259 1573/ XPACPL = XUURL + CUSANL
296 15745 YPALPL = YCURL + SINANL
297 05/%5 GOTL 320
258 05794 313 XPALPL = XLURL + LUSANL
299 15762 YPACPL = YUURL + SINANL
52? 05720 GUlu 312
262 05771 310 PALPU = XLURU$LUSANU
265 05/77 YPACPU = YUURU#SINANU
264 06005 GO TU 30U
265
323 P drauing PRESSURE IN T --=msmmmmsmommmmomnnns
968 060U 320 CUNTINUE
269 060U WRITE (1,%) ESL, ' *ml1X'
220 06044 PINJ = AVE(2)
271 U6l WRITE (1,%) 'PSL IN JEl = *,PINS
272 06101 PIN = PIND * 10.0 FUR GRAPH 11U 10
273 06107 IF (1 .EQ. 12) LU 10 34U
274 16112 WRITE (1,%) ESC,‘*pa,‘,XHRP,YPQP,')A' B
975 06164 330 WRITE (1,*) tSt,‘*pa,‘,XFRP,YPQP,XPRP*&.U,PlNJ*bU, Z
276 06262 xpap = XPAP + 6.0

111



Page 6  LtIll Upts: 2//0IYIS Mon, Feb 1987, 2104 PN

TEU/LLebé/btil. FIN

277 16220 YRAP = PINJ + UL U

278 06276 1PJ = 1P + AVELZ) | SUM PRESSURE IN JE!

279 06304 11P) = 1TPJ + 1

280 0630/ LU 10 390

281 06510 340 XPAP = 357.U

282 6314 YPAP = PINJ + SU.0

285 06322 GU 10 330

284

38‘7 (mmmmmmmm==== drawing TEMPREATURE IN JET ==---m=-m-mmmmmm777”

286

287 06523 390 LUNT INUE

284 06525 WRITE Ll *J tbL, *nHx!

289 16361 TINJ = | LHANGE TU F. 0. affter * 100U,V

290 U6J6Y WRIIE ll 'J ttHPREAIURt IN JEI = IlNJ

291 06416 Ikl Lel. 12060 TU 370

292 06421 WRITE (1,%) ESL,'*pa,’ JXPRL,YPAL,

793 06475 360 WR1TE (1)%) ESL, '#*pa,’ XPRl wval xval«o [INJ-20. 0, "¢

294 06571 XPAl = XPAI + 6. u

299 0697/ yPal = 1IN - 2U

296 U66UY IFAVE(L) bl IIJHQX) LU U 38U

29/ U613 IF(AUE(1) .LI. 11MINY GU TU S8U

298 V6621 11d = T1J + RUt(lJ

299 0661/ 1179 = 111J + 1

300 V6652 LU TU 38U

301 V663S AU XPAT = 337,

3u2 v663) YPAI = IlNJ - 204

503 U664b 11Jmax = AVE(L) + U.U1U

304 06653 ITJHIN = AVE(L) - U.ULU

305 06661 G0 10 360

06

307 [ —mmmmmmmm=- drawing MASS FLUW RATE ===-========-==7mm77777n

508 V6667 sBU CUNT INUE

309 06662 WRITE (1,%) ESU "¥moX’

310 U6/20 XMAss = (avell) I ave 15 ALKM

311 V6724 WRITE (1,%) 'ALFM =’ ,XMASS

312 0679%% Ikl tu 12) LU U 41u

313 06/60 WRITE (1,%) ESU, '¥*pa,’ (XPAM, YPAM, ' 2

314 07032 59U WRINE (1,%) tbl '*pa xvan 'yPan, "xPan+6  XMASS L, |

315 /130 xpan = xban

316 07136 YPAM = Xﬂﬁbb + bU ]

317 07144 UL = IUUL + AVELD)

318 07192 [TUOL = LivoL + 1

319 U/1%% BU TU 20

20 107196 410 XPAM = 357.U

321 07162 YPAM = XMASS + YUV

322 07170 LU U SYU

323 s s e e AR S e S e S £ SRR

524 0171 6V [F (| .EW. 1) THEN

399 U179 OP = (AVE(4)+AVE(H)) 7 2.0

526 0220 DPU = avel4)

327 07211 UPL=ave(b) ;

528 17215 WRIlE (1,*) ‘Dynamic pressure: ',dp,’ inches alcohol

329 07252 WRITE (1?*) ‘Is this UK? _

330 02277 READ (1,'(al)") RESY

331 0732/ IF (ReSP.eq.'n'.or. RESF.eq. 'N') REAU (1,%) OP
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332
333
534
3y
336
337
338
33y
540
341
347
343
344
34y
346
347
548
349
350
351
5n2
353
354
355
3ve
397
358
35y
360
361
562
363
364
36
66
367
368
369
3N
171
372
373
574
375
376
377
378
379
380
381
382
383
384
38Y
586

bETT

U/36/
07375
U/4us
07411
07425
07445
07903
/941
U603
07641
u//703
07741
1ol
10041
1U111
10125

10123
1012/
10144
10161
10176

10215
10215
10227
10252
1026
10257
1025/
10291
10263
10266
10272
10273
10273

10344
10392
10360
10405
1042%
10451
10465
10479
10503

1052%
1U965
10621
10663
10721
10763
11021
11063

HU

Upts:
DP = DP 7 12,
IR =IFS + 46

27/41Y1S

u.u

BPFS1 = BPFS*/U. /5
DsT = BPESL/(1/16. U*TR)

Ul = ((2,%1,5/1%32, 2¥dp) /US| I¥*U.Y

WRITE (1,%) ESL, " *n/X
WRITE (1)%) ESL, ' *pa,3u,3/0,¢"
WRITE (1)#) ESC) " *1U = uf

WRITE (1, "x) ESL, ' *pa,ll,

WRITE (1, %) EbL '*]1,

WRITE (1)%) ESL, #pa, 50, }1u l
WRITE (1)%) ESC) *1B.P.

'

F.S

Mon, Feb 9, 198/,
HleucLash et

‘LHﬂNb

L 2o

540 Z

!
VI BPES

WwrilE (1, *) ESL, ‘*pa,su, 28U, 2

WKITE (1)

EbL '*1d.

REN = Ubr*uw|*(5 Y6/

END IF

U CUNT INUE

LLUSE(97)
LLOSE (8Y)
LLUSE(%6)
LLUSE (¥2)

FURMAT (FIU.4)

it

/12,

AP = IIPJ/IIPJ)*/U /5

U.0) THEN

111d)
[ TVlL

U.0) IHEN

u.u

[F(AIPS LT,
Atk = U
Eth
END
QIIJ # (lIJ/
ALFM = TUUL/
IF (ALEM LT
ALEN =
BL5E
END IF
WRITE (1,%) "

artd = AITY + 4el.U

DIP = AIPJ + BPFSI

amJe = (Ll.0-

(BPFS1/D

uJ = (12012, *RIIJ*QHJZ)'* Y

Alld = Ql[J*(BPPbl/UIPJ‘* 285/

0STJ = BPFS1/(
s = (ALHIUS
0P =

-

LMon = ﬂbbJ*UJ/lUP*((Zl 64/

WRIIE (1,*) ESC,

1716. U*AT1J)

le)/bU

rem/X"

WRITE (1)%) ESL,'*pa,4lu, 3/

WR1TE (1 *) EbL
WRITE (1, ) ESL,
WwrE (1, '¥) EbL
WrRlTE (1, ¥ Est,
WR1IE (1 ) ESC,
WRITE (1, *) EYky

'*ILu =
‘*pa 410
"lUJ ),
pa,dl
rRoLTy 4
‘*pa,4ll, )

!bg
v
550

' ‘1
)f/g 86 s68e-/

ZiU4 PN
FIN

EoIU LEALS

alc*g*delh’ roaxr)

ILHANLE 1U 1B/F TS

ILHANGE (U F.U.

I F TUR
I fotal et pres

[p)**.287)) ¢ Mach= (1= (g p

12012, =2*R*(

1 Jet density

| Mass flow rate
| Lonvert delta
H*), 967)7144)) 'mV/

(oin

Zt

63|

113

QlPJ=',ﬁIPJ,'R|IJ=',R|IJ,‘RLFH=',ﬂLrH

sure
d))**(1,4-171.4)

4/1.4-1)

H to delta F 'g)
g5 (Lu)



Fage 8

38/
388
J8Y
390
391
392
393
394
)
596
39/
398
39y
40U
401

Module bt il
FINZX 29407860213

LET

11121

11165
11210
11259
11262
11510
11514
11547

11574
11411

11411
1141%

999

Upts: ///UIYIS Mon, Feb ¥, 198/ 2:04 PR
lEu/LAsS/6E T LT FIN

WRITE (1,%) ESL,'#IRe = ',REN

WKL TE(Y1,%)LMUM
WRITE(1,* IREN

WRLTE (Y1, %)0P
WRITE(9L,61)0

SANG = U0
WRLTE(91,61I0M1
WRITE(Y1,61) INT(SANG)

LLUSE(71)

LUNT INUE

51UV

END
No errors Data: 1749  Blank common: none
No warnings  Lode: 4477 Stack size: 5
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Page 9 LEIII

Symbol Table

Name

100U
$11
$12
$1b
$20
$500
$310
$312
$313
$315
$520
$330
3340
$350
$360
$3/0
$480
$590
$al
41U
$0)
00
10
$520
150
4l
$60
$61
$610
$999
ABS
ACFN
ALPHA
AMJ?2
AMSS.
ANGL
ANLLEL
ANGLED
ANLU
ATRY
ATt
AVE
BPFS
BPF 51
CAL IBUAIA
CAMALDATA
LHAR
LMUM
LUS
COSANL

Upts: 77701Y15

Address Usage

U3b1UP Stmt number
y434/P Stmt number
U4o05P Stmt number
U4514P Stmt number
10123P Stmt number
g5012P Stmt number
U%/71P Stmt number
05015F Stmt number
U5 /%4F Stmt number
YOU33R Stmt number
U6UUGP Stmt number
Ub164F Stmt number
U631UP Stmt number
U6323P Stmt number
Us4/3P Stmt number
U6653P Stmt number
Ubb62P Stmt number
07032P Stmt number
UUU26R Stmt number
U/196P Stmt number
UUU4SR Stmt number
JUU16R Stmt number
U1956P Stmt number
N1b62P Stmt number
U2130P Stmt number
02679P Stmt number
07171P Stmt number
JUO11R Stmt number
0U6/6P Stmt number
11411P Stmt number
Intrinsic
puazy Variable
V0226l Variable
guuo2y Variable
yuu4ly Variable
UU1660 Variable
J0164Y Variable
pu122l Variable
jU1/44 Variable
JuUL4lY Variable
UUV44L0 Variable
Q000U+ Array, 1 dim
yuu/1y Variable
Jul46y Variable
U0UZ1X Subroutine
JU042% Common label
Intrinsic
QUD34Y Variable
Intrinsic
Julb4l Variable

Mon, Feb ¥, 198/ 204 PN
U/LLASS/GET LT F TN

/Hft
Type Location
Leneric
Real Stack
Keal Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real L Common
Real Stack
keal Stack
txternal
kxternal
Lhar*1
Real Stack
eneric
Real Stack

115
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Page 10 bLEILI

Symbol lable

Name

LUSANU
[.P20u
LPDUWL
LPOUL
CPU

DP

DPL
DPU
DSl
DsT
DIP
£SC
EXEC
Tunt
1CLULK
NI
(P15
IRATE
ISTEP
[1PJ
111

1 TUUL
J

MEML
NAL [ |VE
NSLUI
NUMTAPS
PINJ
KBUF
KEN
RESH
SAMPLE
SANG
SCUR20
SCORP
SIN
SINANL
SINANU
STEP
TADINT
TFS

I INJ
1PJ

IR

IJ
[1JMAX
TTIMIN
[uoL
VA

Address

Upts: /777Ul

Usage

pu140Y Variable
pu1760 Variable
UU162y Variable
JU1/0y Variable
u0206Y Variable
Jugsuy Variable
Juu2/y Variable
001014 Variable
p0u6/Y Variable
Jub36y Variable
guuslly Variable
0U2300 Variable
Intrinsic
JUU2U% Subroutin
J01034 Variable
Juz14y Variable
Intrinsic
002164 Variable
yuz1vy Variable
Jugu0+ Variable
yUU64N Variable
Juu6lly Variable
JuUS6Y Variable
DU2124 Variable
yu21/y Variable
JU220y Variable
vU221Q Variable
Uu2144 Variable
yu124y Variable
JULU3+ Array, 1
yuus2y Variable
JU23UQ*Variable

Y15

e

dim

JU023X Subroutine

0u0224 Variable
yu202y Variable
002104 Variable
Intrinsic
J01464 Variable
UU152y Variable

UU024% Subroutine
JUU1/% Subroutine

u00/23y Variable
Uul16y Variable
JUb6YY Variable
yu0oq Variable
Jub62Y Variable
JU1140 Variable
yul12y Variable
yuyy 2y Variable
DU0264 Variable

Mon, Feb ¥, 1¥8/ Lil4 PR
YT e A RaL
lype Location
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Lhar*l Stack
kxternal
Integer  Stack
Integer  Stack
lbeneric
Integer  Stack
[nteger  Stack
Integer L Common WH | LHoLAN
[nteger  Stack
[nteger  Stack
Integer  btack
Integer  Stack
Integer ~ Stack
Integer  Stack
Integer  Stack
Integer  Stack
Real Stack
[nteger L Lommon LAMALDATA
Real Stack
Lhar*l Stack
External
Real Stack
Real Stack
Real Stack
Leneric
Real Htack
Real Stack
External
kxternal
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Real Stack
Keal Stack
Real Stack
Real Stack
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Mon, Feb ¥, 1¥8/, 2:U4 kN

Upts: /772/0IYIS
nleuscLasS /e T FIN

Page 11 GEIII

Symbol Table

Name Address Usage lype Location
VoL 1S (UU2%X Lommon |abel External
il UuU4l Variable Real Stack
WBUF yuouy+ Array, 1 dim Integer L Common LAMALURIA
WHICHSLANI 0UU41% Common label External
XCOR YU2244 Variable Keal Stack
XCURL jU1b6W Variable Real Stack
XCURU yu142l Variable Real Stack
XMASS U104y Variable Real Stack
XPALPL yu160Q Variable Real Stack
XPACPU D144y Variable Real Stack
XPAM yulluy Variable Real Stack
XPAP DU13UY Varaable Real Stack
XPAI yu122y Variable Real Stack
Xs20u Ju204l) Variable Real Stack
YLUR U222y Variable Real Stack
YCURL 0U1buy Variable keal Stack
YCORU U134y Variable Real Stack
YPALPL 001524 Variable Real Stack
YPALPU yul3ey Variable Real Stack
TPAN JU106Q Variable Real Stack
YPAP yu1264 Variable Real Stack
YPAl pU12u0 Variable Real Stack
YS20U yuZuuy Variable Real Stack
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Fage 12

4u?
4U4
4Ub
416
417
408
41y
a1y
411
412 Vul14
415 uunzy
414 Juuls
419 Uluse
416 U4
41/ vuneu

Module HUME

FINZX  2940/860215

HUME Upts: /7701YIS

Mon, Feb 9, 1¥8/, Yila PN
HIEUZCLASS /6 i1 T.FIN

QT

INTEGER WBUF (3) ,RBUK (3], NANE (3)
LUMMUN /CAMACOR A/ WBUF | KEUF
DAIA NAME /U,0,0/

L Home relays (relay 1)

CALL CWRITE(14,0,16,U0,0,1) !relay 1

CALL EXEL(1Z,name,1,U,-20) !.% sec delay

call curiTeda,0,ie)050,0)

CALL EXEL(1Z,name,1,U,-2UU) !} sec delay

RETUKN

ENU
No errors Uata: 1U Hlank common: ncne
No warnings  Lode: 48 Stack size! d
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Fage 15 HUME Upts: //ZUiV1S Mon, beb Yy, lyg/, 2:04 P
leusLLasS ok 1] EIN

bymbol labie

Name Address lisage fype Location

LAMALDAR A yuulLx Lommon izbel External

Cuk 11t JUUUZX Subrouting External

EXEL Intrins:c

NAME QUOUUK Array, | dim integer Uata

REUH OUUUS+ Array, L dim Integer L Lommon LAMALUA | H
WEUk 000U+ Array, | dim Integer L Lommon LAMALUAT A

119



Feb 9, 198/, Z:u4 PM

Page 14 SIEP Upts: /2741Y1S Mon
HleutLass/ee T FIN

41y mmmm s e m s e e e

42? SUBKOUTINE STEP

42

427 INTEGER WHUF (31 ,KBUF (37, NAME(3)

423 CUMMUN /LAMALDATA/ WHUF ) RBUF

42: UATA NAME 7U,U,U/

“

426 U014 LALL LWRITE(14,0,16,0,0,2) Irelay 2

42/ Quu2y LALL EXEL(1Z,name,1,U,-50)

424 00U3H CALL CWRITE 40,460 0,00

429 UUl4s RE TURN

430 wuusu ENU
Module SIEF No errors Uata: i) Blank common: none
FINX 25407860213 No warnings  Lode: 40 Stack size! 8
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Page 1% SIEP Upts: 7//dIYIS Mon, beb 9, 18/, U4 ¥N
JHIEU/LLASS/BE T FIN

symbol lable

Name address Usage lype Location

LAMALUATA JuuUYX Lommon |abel External

CWRITE JUUUZX Subroutine External

EXEL Intrinsic

NArME JUUUUR Array, 1 dim Integer Uata )

RBUF JUUU3+ Array, 1 dim Integer L LOWOOT LAMALUATA

WBUF JUUUU+ Array, 1 dim Integer L Common LAMALUAIA
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Fage 1¢ SAMFLE

4%
455
434
459
436
437
438
439
440
441
44?
445
444
44Y
444
447
448
449
450
451
457
453
454
455
456
49/
458
499
46U
461
462
463
4hé
469
466
46/
46H
469
420
471
4/
4/%
474
4/
4/6
477
4/8
479
480
481
482
483
484
484
486

youls

1P
uou31
0UU4l

nuua/
vousl
LuuY4
1u6?

Uuues
vuu/l

guu
v

11/
yu1zy

HU16
(uld44

* Subroutine to take 100 samples trom 2

> o

»*

-

- K o

E

Upts: 2//01Y1S Mon

Feb ¥, 187, 2iU4 PN

YR T S IANaL

channels and average

RHUF (3),DAIALL6UL)

INTEGER WBUF (3 ,RE
REAL AVE (%), SLOPES(1U) KLEPTS(LD)

COMMUN /LAMALDATA/ WBUF ,REUE
CUMMUN /CUEFFS/ SLUPES, XLEFTS
COMMON /U0L TS/ AVE
LALL LLMND(Z1,0,10)

Start digitizing @

LALL CLMND(Z1,0,9)
§.40,-10)

ILlear LAMs

nd stop 1mmediately with P15

F(Y),start sweep

call exec(lZ
i,b,ﬁ ) IStop sweep

CALL CCMND(Z

lest LAM tor end of conversion

KBUF (1) = U

00 WHILE (rbuftl) .€q. U)
IKEAD LAM status register

CALL UREAD(3U,12,1)
END DU

LAM SET,KEAD UARIA

Llear LAM , S8 disabled
start memory REAU

LALL LLMNUC21,0,10)
do1 =1

)
CALL LWRTTE(2L,U,17,0,160,0)
CALL CWRITE(21,0,17,0,176,0)

walt lUmbec and start memory KEAD of

call cemnd(21,0,10)

CaLL GURITE(30,0,17,0,1,0)
LALL LUMND(Z1,U,2)

LALL EXEL(1,354100b,0R1A,100)

122

16 bit data (12 bit R0)

\| repeat mode

IL]ear the LAM

IKEAU 16 channels
Ifirst sample

29U points

Iclear LAMN
116 b1t ucc mode

84



Fage 1/ OSAMPLE

48/
488
48y
490
491
497
495
494
499
496
497
498
499
1
92Ul
502
R

Uiy’
yule4
uu1/22
uyl/é
Wy
vu2ll
yuzl/
Ju2sl
VU266
uuiz2l
Vu4u?
vuald’

Uhads
uu44y

Module SAMPLE

FIN/X

2h4U/860215

Uptst /Z/UIY1S Mon. beb 9, 1987, 2iU4 FM
Ol Eu CLAsh/GE 11T EIN

LALL Lleltt)UﬁUil/,U,U,U)
)

CALL LLMND(Z1, u)
total = U.U
pu = 1,100
tota{ = total + datal))
END DU

avel1) = (total / 10U.)

WrlTE (1,%) 'Avg = 'avell)
avel1) = (slopes(1) * ave(1)) - xcepts(i)
WRITE (1,%) 'lotal =/ total,' M= ',slopest1)
le]t (f’§) 'R*lil&i!‘}gUEi‘l{!*liQiii"gut[lf

END DU
LALL LWRITE(3U,0,17,0,0,0)

v g = ',xcepts()

Iback to single,24bit transters

Kb TURN

END
No errors Pata: b Blank common: none
No warnings  Lode: 295 Stack size: 1617
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Page 1t SAMFLE Opts: ///ulYIS

Symbol lable

Name pddress Usage

AVE JUUUU+ Array, 1 dim
LAMALLATA QUUU4X Lommon label
LEMND JuULU2X Subroutine
COEFFS 00021 Lommon label
LREAD JuuULX Subroutine
LWRLIE JUUDEX Subroutine
DATA Y22y Array, 1 dim
EXEC Intrinsic

| JuUl6l Variable

J 0U021Q Variable
RBUF QOUU3+ Array, 1 dim
SLUPES QU0DU+ Array, 1 dim
1UTAL Juo1/4 variable
vuLTS QU012X Common label
WBUF JuouU+ Array, 1 dim
XCEPTS 00024+ Array, 1 dim

Mon, Feb Y, 198/, 2iU4 FM
lEU/CLASS/GET LT FIN
lype Location
Real L Lommon ViLiD
External
External
External
txternal
txternal
Integer  Stack
Integer  Stack
Integer  Stack
Integer L Lommon LAMALUATA
Real L LCommon LUEFFS
Real Stack
txternal
Integer L Lommon LAMALUATA
Real L Lommon LCUEFFS
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Opts: 72/U1Y1S Mon. Feb 9, 1987, 2:04 PM
O urtLAsGE T T FTN

Page 19 CAL IBDATA

509 SUBROUT INE calibdata

506 *

507 ¥ SUBRDUTINE to READ calibrateion data from sequential file
Zgg * calib.data. record 15 m,c,r,lchannel

510

511 dimension slopes(lUJ,xcepts(lUJ

2%% common /coeffs/ slopes,xcepts

514 00026 open(9U,f1le = ‘calib.dat")

515 00055 00D 10 1 = 1,%

516 00061 READ(90,*) slope,xcept,dummy,lchannel
517 00117 slopes(1channel) = slope

518 0012/ xcepts(ichannel) = xcept

519 00137 WRITE (1,%) \channel,s lope xcept

520 00174 10 CONTINUE
521 00200 20 FORMAT (3F12.6,13)

599 DU200 30 CLOSE(OD)

523
524 00215 RE TURN
625 10217 END

No errors Data:’ 24 Blank common: naone
143 Gtack st1ze:

Module CALIBDATA
No warnings  Code:

FIN/X  2540/860213
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