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FOREWORD 

The general authorization for this investigation is contained in 

Research and Development Project 1T062112Al31, "Environmental Constraints 

on Material, C-5A Expedient Surfacing Research (Blast Effects)." This 

investigation was performed under the sponsorship of the Research, 

Development, and Engineering Directorate, U. S. Army Materiel Command. 

The study reported herein was conducted during the periods of 

March 1970, May 1970, and May 1972 by personnel of the U. S. Army 

Engineer Waterways Experiment Station (WES), Soils and Pavements Labo

ratory, under the general supervision of Messrs. J. P. Sale, R; G. 

Ahlvin, and W. L. Mcinnis, and the direct supervision of Mr. G. W. 

Leese. The field tests reported herein were conducted at Altus AFB, 

Okla., and Little Rock AFB, Ark. This report was prepared by Mr. J. W. 

Carr. 

Directors of the WES during the conduct of this investigation and 

preparation of this report were COL Levi A. Brown, CE, and COL Ernest D. 

Peixotto, CE. Technical Director was Mr. F. R. Brown. 
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CONVERSION FACTORS, BRITISH TO ME'TRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to 

metric units as follows: 

MultiEl;:t B:,:t To Obtain 
inches 2.54 centimeters 
feet 0.3048 meters 
kips (mass) 453.59237 kilograms 
miles per hour 1.609344 kilometers per hour 
Fahrenheit degrees 5/9 Celsius or Kelvin degrees* 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) 
readings, use the following formula: C = (5/9)(F - 32). To 
obtain Kelvin (K) readings, use: K = (5/9)(F - 32) = 273.15. 
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SUMMARY 

This report describes a series of field investigations conducted 
to determine exhaust-blast velocities and temperatures at the ground 
level for various aircraft and the wing-tip vortex velocity of the C-5A. 

Measurements of exhaust-blast velocities and temperature rise 
during static conditions were collected for C-130, C-141, and C-5A 
aircraft. Ta.xi, breakaway, and lift-off tests were conducted with the 
C-141 and C-5A to record velocity during actual aircraft operations. 
Wind velocity created by the wing-tip vortex of the C-5A was recorded 
during actual aircraft operations. 

Results of these tests indicate that temperature increases from 
engine exhaust blasts are not sufficient to cause detrimental effects 
on runway surfacing in use to date. Maximum temperature increases due 
to exhaust blast were 180 deg Fahrenheit (F) for the C-130, 90 deg F 
for the C-141, and 85 deg F for the C-5A. Operations of C-141 and C-5A. 
produced exhaust-blast velocities at the ground surface of 120 and 135 
mph, respectively. These velocities are sufficient to possibly cause 
uplift of various mat panels presently in use. 



SURFACE VELOCITIES AND TEMPERATURE CHANGES FOR C-130, C-141, 

AND C-5A EXHAUST BLASTS AND C-5A WING-TIP VORTEX 

PART I: INTRODUCTION 

Problem 

1. Large aircraft operating from airstrips with unsurfaced 

shoulders and from airstrips constructed with landing mat panels have 

created dust and landing mat uplift problems. Although exhaust-blast 

velocity profiles for the velocity at the aircraft center line are 

determined as a part of the aircraft design, the actual force that 

reaches the ground surface has not, until the present time, been known. 

This information is needed in order that proper precautions can be 

taken to protect personnel and equipment from effects of ground-wash 

blast and to alleviate ground and dust erosion. 

Purposes and Scope 

2. The purposes of this investigation were to determine the 

velocity and temperature changes of the exhaust blast of various types 

of aircraft at the ground surface and to determine the effect of the 

wing-tip vortex of the C-5A aircraft on the ground in relation to the 

exhaust blast. These objectives were accomplished by a series of field 

tests using actual aircraft with velocity instrwnents constructed by the 

Surface Blast Effects Research Laboratory (SBERL) of the U. S. Army 

Waterways Experiment Station (WES). Field tests were conducted at 

Little Rock AFB, Ark., and Altus AFB, Okla., by the SBERL. 
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PAR'r II: EQUIPMENT AWD AIRCRAFT 

Equipment 

3. Field test equipment included the following items : 

6.5-kwportable generator 
l+OO-Hz power supply 
36-channel oscillograph recorders (two) 
12...;channel osci1lograph recorder 
54 wind velocity pickups and four-conductor cables 
12 cb.romel-alumel thermocouples and cable 

4. The wind velocity pickups were fabricated at WES by fitting 

small induction generators vlith 4-in. -diam* propellers (fig. 1). 

Fig. 1. Wind velocity pickup 

Exciting the generator with a 26-v to 400-Hz current and allowing the 
blades to turn generates a voltage. The voltage, which varies accord

ing to the speed of the propeller, is recorded on an oscillograph. 

5. 'rests in the SBERL wind tunnel proved that the generators 
with the propellers and proper electrical circuitry were accurate and 

-'ii: A table of factors for converting British uni ts of measurement to 
metric llllits is presented on page vii. 
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wind velocity gages. Calibration curves were established f'or 

each pickup before the field tests; wind tunnel tests after the field 

tests indicated satisfactory performance or the pickups. 

6. Each was mounted to a base that provided connection 

with the instrwnentation. The pickups were secured in field test 

:positions by applying silicone adhesive to the base (fig. 2), placing 

the pickup at the desfred position (fig. 3), and allowing the adhesive 

to cure. 'I'he thermocouples and the instrumentation and thermocouple 

cables were then installed. F'ig. 4 shows a completed installation . 

. 2. Applying adhesive to base 
of pickup stand 

Fig. 3. Placing 
into position 

stand 

Fig. 4. Wind velocity pickup and thermocouple in test position 



Temperatures were recorded on the 12-channel oscillograph recorder. 

Aircraft 

7. The U. S. Air Force cooperated in the testing program by 

furnishing aircraft and operating personnel as well as by designating 

certain areas for performance of the testing. A C-130 was furnished 

at Little Rock AFB, and a C-141 and a C-5A aircraft were supplied at 

Altus AFB. 

4 



PART III: FIELD TESTS AND RESULTS 

8. Measurements of surface velocities and temperature changes from 

C-130, C-141, and C-5A engine exhaust blasts were made at Little Rock AFB 

in March 1970 and at Altus AFB in May 1970. These tests included mea

surements made during static, taxiing, and lift-off* operations of the 

aircraft. In May 1972, additional tests were made at Altus AFB to de

termine the surface velocity of the wing-tip vortex formed during take

off by the C-5A. The 1972 test series also included some C-5A exhaust

blast velocity measurements. 

1970 C-130, C-141, and C-5A Tests 

Static and taxiing tests 

9. C-130. The initial tests were conducted at Little Rock AFB 

with the C-130 aircra~. The test area was located on a seldom-used 

portland cement concrete (FCC) taxiway, approximately 1000 ft long and 

300 ft wide, with a turnaround area. This location allowed installa

tion of the instrumentation and performance of the tests without inter

ference from daily training flights. 

10. Twenty-seven velocity pickups were placed along the gage 

line, which was perpendicular to the direction of travel of the test 

aircraft (plate 1). The pickups were installed at 10-ft spacings 

across the 300-ft width of the turnaround. Photo 1 shows the gage 

line after the velocity pickups had been secured to the FCC but before 

the instrumentation cables had been attached. 

11. Thermocouples were used in conjunction with the velocity 

:pickaps to- determine the rise in temperature on the ground surface due 

to aircraft exhaust blast. Twelve chromel•alumel thermocouples were 

used during these tests. They were placed on 10-ft centers near 

* In this report, "lift-off" refers to that point in the takeoff 
operation of an aircraft when the plane has attained flying speed 
and begins to gain altitude. The point at which the nose lifts is 
termed a "takeoff rotation." 
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sta 3 through 14; sta 14 was the center of the gage line. A typical 

instrumentation station with velocity pickups, instrumentation cable, 

and thermocouple in place is shown in fig. 4. The completed gage 

line prior to testing is shown in photo 2. 

12. Measurement stations, i.e., aircraft test positions, were 

marked on the pavement in a line that was perpendicular to the center 

point of the gage line. The aircra~ was aligned so that the nose 

gear passed over the measurement stations. The initial measurements 

were made at the 50-ft station, and then the aircraft was advanced 

down the taxiway to successive measurement stations until no recordable 

velocity reached the pickups. 

13. Thirty static tests were conducted with the C-130 aircraft. 

Exhaust velocity and temperature measurements were determined at 

distances of 50 to 400 ft from the propeller of the inboard engine to 

the line of instruments. Gross aircraft weight was 112 kips for these 

tests. Plate 1 shows the layout of instrumentation and the locations 

of measurement stations for the aircraft. With the aircraft in position, 

the engines were operated at idle and full-power throttle settings. 

Recordings were made of the output from the velocity pickups and the 

thermocouples. Data for effects created by breakaway taxi power were 

obtained as the aircraft was moved forward to the next position. A 

static test in progress with the C-130 aircraft at the 50-ft station 

is shown in photo 3. 
14. The aircraft operating at idle and breakaway taxi power 

settings did not produce velocities of sufficient magnitude to be 

measured by the pickups. Velocities recorded during full-power static 

operations were determined, and velocity contours were drawn (plate 2). 

The exhaust blast initially struck the ground surface approximately 60 ft 

from the propeller, diminished as distance from the aircraft increased, 

and was not measurable 400 ft away. Maximum velocity attained, 70 mph, 

was measured in a zone directly behind the tail section of the aircraft. 

This high-velocity zone was located 75 to 110 ft behind the leading 

edge of the propeller. 

15. Recordings of temperatures during C-130 tests were made to 

6 



determine the maximum temperature increase at the pavement surface 

during aircraft operation. No attempt was made to determine a distri

bution pattern for the increase in temperature. The maximum temperature 

increase due to exhaust blast striking the pavement surface was 180 deg 

Fahrenheit (F). This temperature increase should have no detrimental 

effect on conventional or expedient runway and shoulder surfacings. 

16. C-141 and C-5A. The static tests with the C-141 and the 

C-5A were conducted in May 1970 at Altus AFB. The test area for the 

static tests was located on a closed-off portion of the main parking 

apron. The designated area was paved with PCC and was approximately 

600 ft wide and 3000 ft long. The gage line was placed near the end 

of the closed-off area, leaving ample room for the aircraft to maneuver. 

Velocity pickups and thermocouples for these tests were placed in the 

same number and manner described in paragraphs 10 and 11, respectively. 

17. Static tests were conducted with the pickups at distances of 

125, 200, 250, 300, 350, 450, 550, and 650 ft from the nose wheel of 

the C-141. Gross aircraft weight was 190 kips for these tests. The 

aircraft engines were operated at taxi and f'ull-power settings with the 

aircraft at each measurement station. Photo 4 shows the C-141 aircraft 

during a static test. MaXimum exhaust velocities at the ground surface 

were recorded during operation at f'ull-power throttle settings (plate 3). 

The maximum velocity, 120 mph, was measured in two zones: one directly 

behind the inboard and outboard pairs of engines on both wings. Contours 

of the velocity patterns at the ground surface for the C-141 operated 

at maximum takeoff power are shown in plate 3. Maximum ground level 

exhaust velocity at taxiing power setting was 20 to 25 mph. 

18. A 50 deg F rise in temperature at the :gavement suri'.ac.e-w:aS-~ 

generated during the C-141 static tests with f'ull-throttle power settings. 

Temperature rises recorded during taxi-power tests were somewhat higher; 

a temperature rise of 90 deg F was recorded during a normal taxi roll. 

19. Static tests were conducted with the pickups at distances of 

150, 200, 250, 300, 350, 400, 450, 550, 650, 750, and 850 ft from the by

pass exit of the C-5A inboard engine. Gross aircraft weight was 318 kips 

for these tests. The C-5A aircraft in test position in front of the gage 
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line is shown in photo 5. Velocity and temperature data were recorded 

for idle and full-throttle power settings at each of the 11 aircraft 

positions; velocity and temperature were monitored as the aircraft 

was moved from one position to another (breakaway taxi operation). 

Velocities recorded during idle and breakaway taxi power settings were 

low. Maximum idle-power velocity reached only 4o mph, and during 

breakaway taxi power settings, the maximum velocity attained was 

70 mph. Maximum velocities of 135 mph were measured during full

throttle power settings (plate 4). This velocity appeared in two 

zones: one behind the inboard and outboard pairs of engines .on each 

wing, similar to the zones that were created by C-141 aircraft but of 

greater magnitude in both areal extent and' velocity. Velocities directly 

behind the tail section never exceeded 50 mph. Velocity contour patterns 

for the full-power setting of the C-5A aircraft are shown in plate 4. 

20. Increase in temperature on the pavement due to exhaust blast 

striking the pavement behind the C-5A aircraft was the lowest recorded. 

Temperature rise during the full-throttle power setting was only 

37 deg F. However, temperatures recorded during idle and breakaway 

power settings showed an increase of 85 deg F. No attempt was made 

to determine the pattern formed by the increase in temperature reaching 

the pavement surface from the exhaust blast of the C-141 and C-5A air

craft. Only the maximum temperature rise was of interest. 

Lift-off operations 

21. Tests were conducted at Altus AFB in May 1970 with the C-141 

and C-5A aircraft to determine the exhaust-blast velocity at ground 

level during takeoff rotation. A line of instruments was placed 

parallel to and 50 ft from the center line of the main runway. The 

velocity pickups were placed on the line at 10-ft intervals facing 

the direction of the approaching aircraft. The gage line was oriented 

so that when the nose wheel of the C-5A was on the runway center line, 

the instruments were between the inboard and outboard engines. Moving 

the aircraft 11 ft to either side of the center line would place one 

of the engines over the line of instruments. Adjustments of takeoff 

position were made for the C-141 in order that the aircraft engines 
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would be centered over the instrument line. To make certain lift-off 
rotation occurred over a velocity pickup, 27 pickups were used. This 
permitted lift-off within a 260-ft length of space and ensured a veloc
ity recording. The instrument layout for the lift-off tests is shown in 
plate 5. 

22. C-141. Maximum ground-level exhaust velocity at lift-off 
for the C-141 was 105 mph, as compared to 120 mph recorded during 
static tests conducted earlier. Little difference was noted relative 
to when either engine passed over the line of instruments. Only 
maximum velocity reaching the pavement surface was of interest. No 
attempt was made to develop the velocity pattern. The C-141 aircraft 
during a lift-off test is shown in photo 6. 

23. C-5A. Ground-level C-5A lift-off exhaust velocities were 
recorded during the rotation of the aircraft as it lifted from the 
runway. Maximum velocity recorded during these tests was 130 mph, with 
little difference noted relative to when either engine passed over the 
line of instruments. During a touch-and-go landing and takeoff of a 
C-5A, a velocity of 125 mph was recorded, which gave a good reference 
check for the test data. The C-5A aircraft during lift-off rotation 
is shown in photo 7. 

1972 C-5A Tests 

24. In May 1972, additional tests were conducted at Altus AFB 
with the C-5A aircraft at a gross weight of 495 kips. Primary concern 
during these tests was to determine velocity of the wing-tip-formed 
vortex on the ground surface. Seven tests were run to record these 
velocities. Six additional tests were conducted to check the exhaust
blast velocity of the C-5A during taxi-by and breakaway power settings. 

25. Instruments for these tests were placed in three parallel 
lines that were 11 ft apart. The first line was 80 ft from and parallel 
to the runway center line. Each line of instruments was made up of 
nine stations spaced 20 ft apart. Stations on the center instrument 
line were started 10 ft forward of those on the outer lines. An 
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overall view of the instrumented lines is shown in fig. 5. Each station 

consisted of two velocity pickups (fig. 6). One pickup was oriented 

perpendicular to and facing the runway center line, and the other was 

oriented parallel to the center line and facing into the exhaust blast 

of the aircraft. With this setup, velocities could be recorded from two 

directions simultaneously. A schematic of the instrumentation layout is 

shown in plate 6. 
Wing-tip vortex effect 

26. Test conditions. Tests to determine the velocity reaching 

the ground surface from the wing-tip vortex were run with the aircraft 

in seven different positions. Aircraft takeoff positions with respect 

to gage lines were as follows: 

a. 

b. 

c. 

d. 

e. 

f. 

€£.· 

Condition 1: Aircraft rotation at initial point of 
instrumentation with nose gear 4o· ft left of runway 
center line. 

Condition 2: Aircraft rotation at initial point of 
instrumentation with nose gear 30 ft left of runway 
center line. 

Condition 3: Aircraft rotation at initial point of 
instrumentation with nose gear 20 ft left of runway 
center line. 

Condition 4: Aircraft rotation at initial point of 
instrumentation with nose gear 10 ft left of runway 
center line. 

Condition 5: Aircraft rotation at initial point of 
instrumentation with nose gear on runway center line. 

Condition 6: Aircraft rotation at initial point of 
instrumentation with nose gear 20 ft right of runway 
center line. 

Condition 7: Aircraft rotation at initial point of 
instrumentation with nose gear 40 ft right of runway 
center line. 

The locations of the aircraft's landing gear, engines, and wing tip 

with respect to the gage lines for each test condition are shown in 

plate 7. 
27. Data reduction. No attempt was made to determine the 

pattern of the wing-tip vortexes. Only the maximum velocities reach

ing the pavement surface during a normal takeoff were required. These 

10 



Pig. 5. Gage lines for wing-tip vortex test 

Fig. 6. Pickup orientation for wing-tip vortex test 



velocities were measured by activating the recorders and taking one 

continuous record during aircraft approach and lift-off. The records 

were read and maximum velocities during each test condition tabulated. 

Reduction of these data consisted of using the maximum velocity hori

zontal components, wing-tip vortex, and direct-engine exhaust blast to 

determine the overall effect of the blast striking the ground surface. 

Plots of these velocities (exhaust, wing tip, and resultant) are shown 

in plates 8-14. 

28. Test results. The highest wing-tip vortex velocities recorded 

ranged from 63 to 67 mph and occurred during test conditions 1 and 2. 

The maximum velocity from direct engine exhaust blast was 106 mph. 

This velocity occurred during test condition 6 in which the outboard 

engine passed over the first line of instruments. 

29. Duplication of test data for wing-tip vortex velocities was 

good even though the height above instruments and speed of aircraft 

were not constant. This agreement of data can be seen by comparing test 

condition 1 data (plate 8) with test condition 2 data (plate 9). Under 

test condition 7, an exhaust blast velocity of 101 mph was recorded 

(plate 14). This was in close agreement with the 106-mph velocity 

recorded under test condition 6 (plate 13). The lift-off velocities 

were lower than the static test velocities because the aircraft was 

airborne when it passed over the recording instruments. 

30. Data from previous tests* indicate that downwash velocities 

along the ground surface cause soil particle pickup, and dust hazard 

conditions will develop if these velocities exceed 13.6 mph over fine 

dry sand and 20.5 mph over dust-size particles of lean clay. 

Exhaust-blast effects 

31. Taxi-by. Three tests were conducted while aircraft taxied 

over the instruments. The positions of the aircraft with respect to 

the gage lines were as follows: 

a. Condition 1. Outboard engine passed over inboard gage 
line. 

* G. W. Leese, "Helicopter Downwash Blast Effects Study," Technical 
Report No. 3-664, Oct 1964, U. S. Army Engineer Waterways Experiment 
Station, CE, Vicksburg, Miss. 
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b. Condition 2. Inboard engine passed over inboard gage 
line. 

c. Condition 3. Outboard engine passed over center gage 
line. 

No attempt was made to determine velocity patterns. Recorded velocities 

are given in table 1. Maximum velocity recorded for these tests was 

51 mph, which was 10 mph higher than those recorded in earlier tests. 

The higher velocities recorded during these tests are attributed to 

the higher gross weight of the aircraft (318 versus 495 kips). 

32. Breakaway. Three additional tests were conducted to check 

previous measurements made at breakaway ta.xi power. The aircraft's 

positions with respect to the gage lines were: 

a. Condition 4. Aircraft exhaust 150 ft forward with out-
board engine in line with inboard gage line. 

b. Condition 5. Aircraft exhaust 150 ft forward with in-
board engine in line with inboard gage line. 

c. Condition 6. Aircraft exhaust 150 ft forward with out-
board engine in line with center gage line. 

Velocities recorded during these tests are given in table 2. A maximum 

velocity of 123 mph was noted for condition 6. Again, this was higher 

than the velocities recorded in previous tests and is again attributed 

to the higher gross weight of the aircraft. 
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PART IV: CONCLUSIONS AND RECOMMENDATION 

Conclusions 

33. Based on the results of this investigation, the following 

conclusions are believed warranted: 

a. Maximum temperature changes due to exhaust blast striking 
the ground surface, 180 deg F for the C-130, 90 deg F 
for the C-141, and 85 deg F for the C-5A, will not create 
a problem for existing airfield construction material. 

b. Exhaust-blast velocities reached 120 mph for the C-141 
and 135 mph for the C-5A. Velocities of these magni
tudes could create a problem for runways protected by 
expedient surfacing materials. 

c. Wing-tip-formed vortexes of the C-5A will create a 
problem outside the runway area by the formation of 
dust clouds and possible uplift of nonstationary 
materials. 

Recommendation 

34. It is recommended that additional studies be conducted to 

further define the wing-tip-formed vortex problem known to exist in 

operation of the C-5A aircraft. These tests should be designed to 

define the duration, distance, and areal coverage of the wing-tip 

vortexes. 
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Table 1 

C-5A Ta.xi-by Exhaust-Blast Effects 

Velocity Velocity, mph, for Indi- Velocity Velocity, mph, for Indi-
Pickup cated Test Condition* Pickup cated Test Condition 

No. 1 2 _]_ No. 1 2 _]_ 

1 0 0 0 28 27 43 39 
2 25 32 22 29 0 0 0 

3 0 0 0 30 51 36 37 

4 18 30 33 31 0 0 0 

5 0 0 0 32 26 28 24 

6 43 32 34 33. 0 0 0 

7 0 0 0 34 13 33 41 

8 29 28 22 35 0 0 0 

9 4 2 0 36 29 17 20 

10 14 14 27 37 0 0 0 

11 Out 38 21 28 15 
12 39 26 27 39 0 0 0 

13 0 0 0 40 17 31 34 

14 36 42 33 41 0 0 0 

15 0 0 0 42 38 20 19 

16 15 28 24 43 0 0 0 

17 0 0 0 44 23 29 18 

18 36 23 21 45 0 0 0 

19 0 0 0 46 12 30 32 

20 29 31 24 47 0 0 0 

21 0 0 0 48 42 22 26 

22 18 30- 32- 49 o- ff 0 

23 0 0 0 50 21 29 20 

24 40 27 31 51 0 0 0 

25 0 0 0 52 10 25 20 

26 22 23 17 53 0 0 0 

27 0 0 0 54 31 17 17 

* Condition 1 -- Outboard engine passed over inboard gage line. 
Condition 2 -- Inboard engine passed over inboard gage .line. 
Condition 3 -- Outboard engine passed over center gage line. 



Table 2 

C-5A Breakawa~ Exhaust Blast Effects 

Velocity Velocity, mph, for Indi- Velocity Velocity, mph, for Indi-
Pickup cated Test Condition* Pickup cated Test Condition 
No. Ji_ ...2 ..£ No. ...2. _2_ 

1 0 0 28 53 73 101 

2 57 90 94 29 10 0 0 

3 18 0 0 30 94 83 84 

4 26 74 123 31 0 0 0 

5 0 0 0 32 60 74 88 

6 104 79 101 33 0 0 0 

7 0 0 0 34 45 58 93 

8 62 79 Out 35 0 0 0 

9 6 0 0 36 70 45 71 

10 24 64 94 37 0 0 0 

11 38 51 58 69 

12 102 70 101 39 0 0 0 

13 0 0 0 40 46 60 91 

14 80 90 112 41 0 0 0 

15 0 0 0 42 72 48 76 

16 28 61 89 43 0 0 0 

17 0 0 0 44 51 47 69 

18 83 63 73 4.5 0 0 0 

19 0 0 0 46 42 62 87 

20 57 74 93 47 0 0 0 

21 0 0 0 48 60 48 73 

22 37 58 88 49 0 0 0 

23 0 0 0 50 43 44 74 

24 -85 '7'~ -,-'- -82 51 0 0 0 

25 0 0 0 52 34 45 62 

26 55 60 76 53 0 0 0 

27 6 0 0 54 48 27 59 

* Condition 4 -- Aircraft exhaust 150 ft forward with outboard engine in 
line with inboard gage line. 

Condition 5 -- Aircraft exhaust 150 ft forward with inboard engine in 
line with inboard gage line. 
Condition 6 -- Aircraft exhaust 150 ft forward with outboard engine in 

line with center gage line. 



Photo 1. Velocity pickups in position without instrumentation cables 

Photo 2. Gage line in test position 



Photo 3. C-130 during static test 

Photo 4. C-141 during static test 



Photo 5. C-5A during static test 

Photo 6. C-141 during lift-off test 



Photo 7. C-5A lift-off test 
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