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ABSTRACT

This short performance evaluation has shown that tactical use of the GRB-36D/RF-84K configuration is possible, but not practical due to the difficulty of mating the two aircraft in even mildly turbulent air. The outbound range in the composite configuration with four stores (three tanks and a special weapon) is reduced approximately 10 percent from the range of the GRB-36D airplane alone. The return range with the parasite clean is reduced approximately 5 percent.
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INTRODUCTION

This report presents the results of a limited Phase IV performance evaluation of the GRB-36D and the GRB-36D/RF-84K composite (FICON) configuration. These tests were conducted to provide data for the GRB-36D and FICON handbooks. The Phase IV evaluation was made in conjunction with a structural evaluation of the trapeze assembly. The structural portion of the tests was conducted under conditions specified by the Hayes Aircraft Corporation, Birmingham, Alabama (contractor for the trapeze assembly). The structural analysis data was turned over to the contractor for evaluation and is not included in this report. The tests were performed at the Air Force Flight Test Center between 29 November 1955 and 27 April 1956 and consisted of seven flights totaling 24 hours and 20 minutes.

The test program was authorized by Air Research and Development Command Test Directive No. 5498-Fl dated 7 February 1955, and was amended by Test Directives 5498-E2 and 549 8-F3, dated 21 March 1955 and 14 December 1955 respectively. The requirement for Phase IV testing was cancelled by teletype RDZSBG-3-253-E on 28 March 1956, but portions of the test which were feasible to perform during the structural test (Test Directive 5498-F3) were authorized and requested.

The GRB-36D is a RB-36D aircraft modified for the purpose of transporting an RF-84K parasite aircraft. The external modifications consisted of replacing the bomb bay doors with plug and clearance doors. Internal modifications included, the installation of a "trapeze" in the bomb bay for attaching the parasite aircraft, a trapeze operator's station in the camera. compartment, and two independent hydraulic systems for trapeze and door actuation. In addition, a release system for the parasite aircraft, safety and auxiliary equipment, night lighting, rendezvous equipment and provisions for refueling the RF-84K have been incorporated. The trapeze positions discussed in this report are shown in the accompanying illustration.

Prior to delivery of the GRB-36D it was weighed at the Convair plant In Fort Worth, Texas, in the presence of an Air Force quality control representative. The basic weight of the aircraft with all tanks empty was found to be 166, 700 pounds with the center of gravity at 42. 5 percent MAC.

TEST RESULTS

COCKPIT DESCRIPTION

The GRB-36D cockpit is essentially the same as that of previous B-36 aircraft except that a switch for emergency release of the parasite fighter is installed near the gear extension and retraction switch. Like other B-36 cockpits, cockpit room is insufficient.

TAXIING AND GROUND HANDLING

Taxiing and ground handling characteristics of the GRB-36D are similar to those of other B-36 aircraft, except that extreme caution should be exercised ~&~i1e~ taxiing when the RF-84K is installed with a 450-gallon tank attached to either inboard pylon. The GRB-36D should not be taxied with the parasite attached when ground clearance is less than 6 inches. Taxi speeds should be low even on smooth ramps and parking areas. Even with the 6-inch clearance, small bumps encountered when taxiing occasionally caused the inboard 450-gallon tank on the parasite to come within 2 inches of the ground. When the aircraft has been allowed to stand for any length of time, ground clearance should be checked before moving the aircraft because the tires flatten due to the weight of the aircraft, The test aircraft settled 1 inch in 60 hours when loaded to a gross weight of 310,000 pounds. It is felt that both the rate and amount of settling would increase at higher gross weights,

The following photographs show the parasite stowed in the take-off and land position which gives the maximum ground clearance with and without stores installed.

TAKE-OFF AND INITIAL CLIMB

All take-offs conducted during the test program were made with 20-degree flap extension, water injection, and the jets operating at 100 percent. Lift-off was accomplished at or above the handbook recommended speed. No take-off data is presented in this report because not enough data was obtained to permit a valid statement as to take-off roll and ground distance to a 50-foot obstacle. It is felt, however, that take-off and landing distances of the GRB-36D with the parasite fighter attached will be similar to those required by a standard RB-36D of equivalent weight.

Take-off characteristics of the GRB-36D are normal with and without the parasite fighter attached, except when take-off is made at light gross weight with the RF-84K installed. Under these conditions, the climb must be initiated immediately after take-off to avoid exceeding the maximum allowable airspeed with the landing gear extended, due to the time required to retract the gear. The landing gear cannot be raised until the parasite has been lowered to the extended position, as the gear overlaps approximately 3 feet of each wing of the parasite when it is in the take-off and land position or cruise position. Transferring control of the hydraulic pumps to the trapeze operator, opening the air plug doors and lowering the parasite to the extended position requires approximately 21/2 to 3 minutes depending upon the temperature of the trapeze hydraulic system fluid and the efficiency of the hydraulic pumps. This operation should not be attempted unless both pumps are working as cavitation of the main jack might result from operation with only one pump. If this occurs, the trapeze could not be operated and, if the parasite fighter were in the extended position, landing would be impossible unless the fighter were jettisoned. (The unloaded trapeze can be raised by an emergency winch provided in the bomb bay.)

The time lapse from flap retraction until the climb configuration is attained is approximately 8 minutes. This delay might lead to complications if engine failure was experienced during or immediately after take-off.

CLIMB PERFORMANCE

Two 10-engine check climbs were made during the course of the test program. One of the climbs was made without the RF-84K attached; the other was made in the composite configuration with four external pylons on the parasite. The contractors s climb schedules for the weights and configurations tested were used.

The check climb made shows that the climb performance of the GRB-36D alone is similar to the performance of other B-36 aircraft, and is in agreement with Convair FZA-36-308 (“Performance Estimate for the RB-36D/RF-84K FICON Parasite System, Based on Phase IV Flight Tests of the B-36D Airplane”) dated 1 January 1954.

The composite configuration test data also checks the contractor’s estimated data within test accuracy. Again only one check climb was accomplished and it cannot definitely be established that the climb and power schedules used provided the maximum rate of climb and absolute ceiling. The Phase IV check climbs were conducted with the parasite in the clean configuration with four external pylons. These pylons were to accommodate two 230-gallon 4rop tanks Oh the outboard positions, a 450-gallon tank on the right inboard position and a special store on the left inboard position.

No check climb data was obtained in the composite configuration with external stores on the parasite. Climb data corrected to standard atmosphere and gross weight at each altitude is presented in Figures 3, 4, and 5 of Appendix I. Figures 4 and 5 represent the same climb with the data presented at engine start gross weights of 300, 000 and 250, 000 pounds. The climb data presented in these figures is summarized in the following tables.
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ENGINE CLIMB PERFORMANCE Normal Mixture - Jets 960/oRPM


Rate of
Time to
Nautical
Gross

Altitude 
Climb 
Climb 
Air Miles 
Weight 
IAS 


ft. 
ft/’min 
min* 
Traveled** 
lb*** 
kts

CLEAN CONFIGURATION - Engine Start Gross Wt. - 300,000 lbs.


1350
0
  0
296,000
148.5
10,000
1200
8.5
 23
292,500
149.0
20,000
1040
17.5
 50
288,300
140.0
30,000
775
28.5
 82
284,300
136.0
36,800
300
41.0
136
281,000
134.5
39,600(S/C)
100
57.0
205
278,500
133.5
COMPOSITE CONFIGURATION -Engine Start
Gross Wt.- 250, 000 lbs.
    (RF-84K with four external 
pylons only)

1450
0
  0
246,000
143.5
10, 000
1390
7.0
 18
243,000
143. 5
20,000
1265
14.5
40
241,000
134.5
30,000
1020
23.0
67
237,000
129.5
40,000
440
36.0
120
234,000
123,5
41,200
300
39.5
134
233,500
123.0
42,400(5/C)
100
46.0
153
233,000
122.5
COMPOSITE CONFIGURATION- Engine Start Gross Wt. - 300, 000 lbs
    (RF-84K with four external 
pylons only)

1200
0
  0
296,000
143.5
10, 000
1055
9.5
 25
292,000
143. 5
20,000
880
20.0
 55
287,500
134.5
30, 000
620
33. 5
 98
283,500
129. 5
36,900
300
48.5
155
279,500
124.5
39,800(S/C)
100
64.0
210
277,500
123.5

*Allow approximately 10 minutes from brake release to become airborne, raise the flaps, open the air plugs, lower the parasite, raise the gear, raise the parasite, close the air plugs and attain best climb speed.

**Distance does not account for that traveled during gear retraction.

***4, 000 pounds of fuel allowed for start, taxi, run-up, take-off, and acceleration to best climb speed neglecting gear retraction.

LEVEL FLIGHT PERFORMANCE

Six-engine speed-power drag polar data was obtained at 10, 000 feet at a weight corresponding to an engine start gross weight of approximately 308, 000 pounds. The jet engines were shut down and the intake doors closed. All data was corrected to standard day conditions at a gross weight of 300,000 pounds at 10,000 feet altitude for all configurations tested. Tests of the GRB-36D alone were conducted with the GRB-36D in the clean configuration with the air plug and clearance doors open and the trapeze extended to the retrieve position. Tests of the composite configuration were made with and without the four external stores (described under check climbs). Since previous tests of the engines installed in the test aircraft provided adequate engine calibration and cooling data, the engines of the test aircraft had no special instrumentation. No calibrated fuel flow instrumentation was installed. All engine instruments at the flight engineer’s station needed to accurately define shaft brake horsepower were calibrated. In addition, all cooling devices were instrumented so that all cooling flap settings could be accurately determined. All speed power data has been plotted as power required versus true airspeed and appears in Appendix I as Figure 6. A plot of Piw versus Viw has been prepared and is presented in Figure 7 of Appendix I. This plot shows that the GRB-36D alone with the trapeze extended requires about 300 horsepower per engine more for a given airspeed in the normal cruising range than the GRB-36D clean. There are several reasons for this large increase. First, the trapeze itself, although somewhat streamlined, has sway and drag braces that cause considerable turbulence in the area of the bomb bay. Secondly, when the air plug and clearance doors are open, which is required with the trapeze in the extended position, the aft upper turret hatch is open to allow the air entering the bomb bay to escape rearward. Normally, only the aft upper turret hatch opens on this type aircraft, but due to severe buffeting of the air plug and clearance doors, the trapeze operator also had the aft lower turret hatch wired into the trapeze electrical circuit so that both aft turret hatches opened on the test aircraft, This buffeting was quite noticeable in the cockpit and at a constant power setting, the reduction in airspeed was quite noticeable when the doors and hatches were actuated in preparation to retrieve the parasite.

The airspeeds and power settings for maximum range are summarized in tabular form below and are shown as the dotted line on Figure 6.

6 ENGINE CRUISE PERFORMANCE

Altitude:
10,000 feet, Gross Weight: 300,000 pounds All Cooling Devices at Standard Day Settings


  Re commended



 Avg.
Configuration
Cruise Airspeed-Kts.
 Mix,
Avg.

Torque
  Avg.

 CAS      TAS
Setting
RPM
Turbo
 psi
BHP/ENG
GRB-36D - Trapeze


Extended
146
170
Normal 2070
D
216
2000

Composite - Parasite


With Stores
149
173
M.L.
2160
D
197
1900

Composite - Parasite


Clean
151
175
M.L.
2070
D
196
1810

GRB-36D - Clean
155
179
M.L.
2070
D
187
1730

D-Dual M. L. -Manual Lean

TRAPEZE OPERATION

The trapeze in the test aircraft operated satisfactorily after several modifications had been made on the production model. Twenty complete cycles of the trapeze were made with the parasite attached. Ten cycles were accomplished with the parasite weighing 26,700 pounds and 10 cycles were made with the parasite weighing 19, 800 pounds. The handbook recommends a time lapse of 20 minutes between cycles, but three consecutive cycles were accomplished several times with no damage to the operating system. It was noted however, that on each succeeding cycle, the elapsed time of operation became longer. The first cycle required 6 minutes; approximately 10 minutes were required for the third cycle. After the third cycle, the hydraulic system temperature bad risen to 35 degrees C. The maximum allowable temperature for satisfactory operation of the trapeze system is 40 degrees C.

Only one aerial hookup of the parasite was made during the test program. Four pylons were attached to the parasite, but no external stores were carried. The parasite was tested at a gross weight of 19, 800 pounds. Several attempts were made before the aircraft were finally mated.  It is difficult for the pilot of the GRB-36D to provide a steady platform. As the parasite approaches the nose probe engagement point, the GRB-36D has a moderate nose up tendency as the parasite changes the downwash flow from the wings. Just before the parasite makes contact with the trapeze, a nose down flight condition is encountered. With even moderate turbulence, it would be almost impossible for the parasite pilot to make contact with the trapeze and complete the hookup.

It was planned to release the parasite in the air just before landing on the last flight. Damage to the parasite during the trapeze structural integrity tests made this impossible and a landing was made with the parasite attached,

It was found that by removing the rudder and that part of the vertical stabilizer which extends above the stabilator, separation could be accomplished by lowering the parasite until the belly of the aircraft touched the ground, (see Figure 5 of Appendix I). To gain further clearance, the main struts of the GRB-36D were extended to the maximum height and the nose strut was deflated to within one-half inch of its minimum height. As the GRB-36D was pulled away from the parasite, it was turned slightly so that the canopy of the parasite would clear the ECM radomes aft of the bomb bay,

During preparation for the gear retraction after take-off on flight No. 7, turbulent air was encountered. While lowering the trapeze to the extended position, the parasite was shaken sideways quite violently, As soon as the trapeze was locked into the extended position and the sway braces were loaded, the sideways movement ceased and the complete assembly seemed very rigid. It appears that there is insufficient bracing in any intermediate position between the extended and retracted positions in turbulent air.

STABILITY AND CONTROL

No longitudinal stability tests were conducted; however, the test aircraft displayed positive longitudinal stability for all configurations tested. Throughout the series of tests, the center of gravity was maintained between 27 and 31 percent MAC. During the structural integrity and fatigue spectrum tests of the trapeze, the aircraft was maneuvered from +2.0 to -0.5g at various airspeeds from maximum speed to 1.25 stall speed at altitudes ranging from 10, 000 to 40, 000 feet. No stalls were conducted on the test aircraft because of safety of flight restrictions.

Lateral-directional stability and control was similar to previous B-36 models. (See AF Technical Report No. AFFTC-TR-54-ll.)

DIVE AND HIGH SPEED FLIGHT

The composite GRB-36D/RF-84K was dived to 235 knots IAS during the structural integrity portion of the test program without encountering any unusual characteristics.

APPROACH AND LANDING

The traffic pattern and landing technique are the same as for any other B-36 aircraft except that 8 to 10 minutes are required to cycle the trapeze and lower and lock the landing gear. During the test program, the landing gear was lowered and the parasite stowed in the take-off and land position before entering the downwind leg. No unusual characteristics were encountered either in the clean or composite configuration during the approach and landing. No minimum short field technique landings were made during the test program.

All landings made in the composite configuration were at gross weights considerably less than the maximum allowable landing gross weight of 357,500 pounds. With external stores on the parasite, the landing gear struts were never compressed enough during landing to drag the stores on the ground. At maximum allowable landing weight or in case of an emergency landing after take-off at above a maximum allowable landing weight this might not be the case. Jettisoning of the stores might be recommended. Further flight tests should be conducted to determine the minimum static ground clearance to allow for these emergency conditions.

AIRCRAFT SYSTEMS FUNCTIONING

In general, the operation of the aircraft systems was considered satisfactory in view of the fact that the test aircraft was 6 years old and was out of commission for a period of a year during modification at the Ft. Worth facility of Convair.

APPENDIX I

DATA ANALYSIS METHODS

This section briefly discusses the methods of reduction used in analyzing the test data. The following references have been used and will be mentioned in this discussion.

1.
“Flight Test Engineering Manual,” AE Technical Report No. 6273.

2.
“A Method of Determining Delta Rate of Climb for Turbo-jet Powered Aircraft, Including Correction Curves for the J-33-A-23
Engine (Project No. 170),!’ Memorandum Report NO. MCRFT-2157 dated 2 August 1948.

CLIMBS

The climb data was reduced to the rate of climb that would have been obtained under standard day conditions with standard horsepower at the climb speeds tested. The equations used for this reduction are outlined in reference "l”. The reciprocating engine climb data reduction was used with a delta-R/C correction applied from the jet engine climb data reduction. Reference “2” was used to determine the “K” factor and the delta-R/C factor used in this correction. Standard values were used with a propeller efficiency t~ = 0. 85 and an airplane efficiency factor e =1.00.

LEVEL FLIGHT PERFORMANCE

Speed versus horsepower calibrations were obtained by stabilizing the airspeed in level flight utilizing various power settings. The test data was corrected to standard day atmospheric conditions by adjusting the horsepower necessary to maintain the test day Mach number as shown in Reference ~ with ri = 0.85 and e = 1. 00.

AIRSPEED CALIBRATIONS

The standard pilot’s airspeed system was extended to the photo panel and the system was then calibrated by means of the Air Force Flight Test Center T-28 pacer aircraft. All data was obtained using power for level flight. The altimeter calibrations were calculated from the airspeed position plot presented in Figure 2 of Appendix I. This data shows a straight line position error with the gear and flaps up. The position error in the landing configuration (with the gear down and 30 degree flaps) is also a straight line except at speeds above 130 knots IAS which approaches the maximum allowable gear and flap speed. Test results were computed by the methods shown in Reference “1”.

ALTIMETER CALIBRATIONS

The altimeter corrections for position errors were computed from the airspeed correction curve using Reference "1".

