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1.0 SUMMARY 

The two volumes of this report present calculated cooling and structural 
protection system performance characteristics of the U.S. Army XV-5A 
Lift Fan Research Aircraft in terms of its estimated and experimentally 
determined induced environment; in terms of its structural, component, 
and operational requirements; and in terms of ARDC standard and ANA 
Bulletin 421 Hot Day conditions. This is Volume I. 

The XV-5A, is a two-place V/STOL aircraft capable of flight at high 
subsonic Mach numbers.   The aircraft was designed and built by the 
Ryan Aeronautical Company under contract to the General Electric 
Company for research flight testing of the G. E. Lift Fan Propulsion 
System.   Based on analysis and limited test data, the aircraft cooling 
and structural protection systems are believed to have sufficient per- 
formance capability to permit orderly conduct of Installed System Func- 
tional, NASA-Ames 40' x 80' Wind Tunnel, and Edwards Air Force 
Base Flight Test Programs even though externally induced environ- 
mental temperatures to 1040° F develop during fan mode operation. 

Occasional local and minor overheating problems are expected within 
the broad range of possible operating conditions: however, it is expected 
they can be overcome with minor structural modifications, installation 
of additional insulation, and/or minor modification of operational 
procedures. 
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Lack of detailed knowledge of the externally induced environment made 
cooling and structural systems designs and analysis difficult, leading 
at times to results which may prove too conservative, and at other times, 
too optimistic.   In an attempt to gain further insight to this complex 
problem, a procedure was developed whereby existing literature data 
on downwash phenomena could be applied quantitatively to the XV-5A 
induced environment.   While more fundamental and experimental data 
are needed before important aspects of the induced environment can be 
investigated further, results obtained to date are encouraging.   Results 
show directional effects of aircraft control settings, and indicate the 
strong possibility of hot gas Ingestion by the engine and cooling system 
air inlet.   Perhaps most important of all, these results Indicate means 
whereby adverse effects may be minimized or eliminated. 
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A comprehensive survey of the XV-5A induced environment is recom- 
mended, including temperature and velocity measurements for the full 
range of aircraft operating conditions, including altitude, power setting, 
control settings and local ground wind velocities. 
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2.0 INTRODUCTION 

This report consisting of two volumes, presents calculated heat transfer 
and cooling system performance for the U.S. Army XV-5A Lift Fan Research 
Aircraft. The XV-5A aircraft, a two-place V/STOL aircraft capable of 
high subsonic flight, was designed and fabricated by Ryan Aeronautical 
Company to evaluate the General Electric lift fan system. The XV-5A 
propulsion system consists of two O.E. X353-5B propulsion systems 
including lift fans, diverter valves and modified J-85-5B gas generators, 
two sets of lift fan inlet closure doors, one O.E. X356 pitch (nose 
installation) fan, a set of two pitch fan thrust reverser doors and 
pitch fan inlet louvers, two exhaust ducts and nozzles, two thrust 
spoilers, and associated power distribution ducting and controls. The 
interrelation of these components and the aircraft are shown in Figure 
2.1 and 2.2. 

The XV-5A aircraft internal structure is fabricated principally of alumi- 
num alloys, except for a few local areas subject to intensive heating 
ranges. The fuselage skin is constructed of a number of metals includ- 
ing aluminum, titanium, magnesium-thorium, and steel alloys as shown 
in Figure 2.3. Local skin areas exposed to severe heating for extended 
periods during aircraft testing have been protected by external insulation 
and are also shown in Figure 2.3. Figure 2.4 shows the nose and two- 
position main landing gear systems. Protection of main landing gear 
components, although under study at the time of rollout, is not considered 
in this report. 

The XV-5A aircraft may be operated in either conventional (turbojet) mode 
or lift fan mode by selecting diverter valve position.  In the conventional 
mode, the fan inlet and outlet doors and vanes are in the closed position 
to give an aerodynamically clean configuration; in the lift fan mode, fan 
inlets and outlets are open. 

During V/STOL operations involving lift-off, hovering and forward flight, 
the fan streams are modulated for trimmed flight with generally sym- 
metrical flow fields; however, aircraft pitch, roll and yaw control applica- 
tions cause transient, differential, fan-stream modulations which produce 
transient asymmetrical external (Induced) flow fields, particularly in 



proximity to the ground. Forward thrust Is obtained by vectoring the 
wing fan streams aft by use of exit louvers. 

In the fan mode, hot gases from the modified J85-5 gas generator (to 
1250° F) are diverted to the fan tip turbines and then exhausted downward 
from the inboard quadrants of the wing fans and the aft quadrants of the 
nose fan. As a result of these hot turbine exhaust gases (to 1040° F), 
the aircraft becomes exposed to and enveloped, to varying degrees, in 
locally induced environments which differ substantially from prevailing 
ambient conditions.  Located within these induced environments, the 
various aircraft and propulsion system components are affected by the 
local flow fields, particularly their detailed temperature and velocity 
distributions. 

Testing and operation considered in design of the aircraft include static 
ground tests, NASA-Ames 40' x 80' wind tunnel tests, flight tests at Ed- 
wards Air Force Base, pilot training and familiarization, exploration and 
extension of aircraft operating envelope, handling qualities, etc., and 
normal operations. Against this background, the calculated heat transfer 
and cooling system performance of this report is developed. Results 
are applicable to the aircraft configuration at the time of rollout, and do 
not reflect changes or modifications resulting from ground and flight tests. 
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1. Nose Fan 
2. Gas Generator 
3. Diverter Valve 
4. Engine Tail Pipe 
5. Wing Fan 
6. Crossover Ducts 
7. Nose Fan Supply Duct 
8. Left Wing Fan Scroll 
9. Right Wing Fan Scroll 

10, Nose Fan Scroll 
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Figure 2.1       Propulsion System 
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Figure 2.2       XV-5A Aircraft General Arrangement 
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3.0 AIRCRAFT COOLING SYSTEM DESCRIPTION 

The XV-5A aircraft cooling system has been provided to maintain safe 
operational temperatures for all aircraft structure and equipment during 
ground, flight, and wind tunnel testing, and during normal operation for 
both conventional and fan modes of operation.   In the fan mode, the 
influence of the induced environment and the possibility of hot gas 
Ingestion by the cooling system are matters of concern.   They must be 
considered, despite the fact that only fragmentary data exist regarding 
the induced environment and its detailed nature.   The gathering of 
definitive induced environmental data falls within the scope of flight 
research testing of the XV-5A aircraft and the lift fan concept. 

The XV-5A cooling system consists of two generally parallel branches 
separated by a vertical plane through the aircraft centerline (BLPO) with 
occasional common ducting or plenums.   Also, it is convenient to con- 
sider the cooling system as being made up of upper and lower fuselage 
sections separated by the cross hatched line shown in Figure 3.1. 
Referring to Figure 3.1, the primary motive power for each branch is 
supplied by two cooling air blowers; one large and one small.   The 
blowers for each branch, housed in a common plenum (D), draw outside 
air from two fuselage ports supplying the plenum and from a slot formed 
by the rear cockpit canopy closure.   This slot also acts as a second 
boundary layer bleed duct, and provides for cockpit (A) ventilation as 
well.   Each smaller blower cools an electrical generator, a hydraulic 
oil cooler and the common electronic compartment (B) before dumping 
into the lower fuselage section (O).   Each large blower supplies cooling 
air to its respective engine compartment (G) and the cross-over duct 
compartment (N) in proportionate amounts, dependent upon the mode of 
operation (turbojet or lift mode).   Cooling air pumping is augmented by 

^ the tailpipe ejector action during turbojet mode operation, and by the 
pitch and wing fan cooling air ejector action during lift mode operation 

*! (Figure 3.2). 

'I In the conventional mode of operation, two other systems take part in the 
*■ cooling system (Figure 3.2).   The boundary layer bleed duct opens to 
.1 supply cooling air to the engine compartment, and the gas power distri- 

bution ducting acts as a branch of the cooling system with general 
flow from the pitch fan cavity to the wing fan cavities.   As flight speed 
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.1 
increases, the boundary layer bleed air overpowers the large blower air 
flow, closes a flapper valve, and becomes the sole source of engine bay / 
cooling air.   With the flapper valve closed, the total large blower output 
is thus diverted to cross-over duct cooling, and to wing and pitch fan 
compartment cooling. 

:: 

The flow path through the power distribution ducting is developed by the 
relatively high pressure at the pitch frm inlet closure system, and the 
low pressures developed over the wing fan inlet and outlet closure 
systems.   Flow through the ducting system counteracts diverter valve 
leakage by providing direct mixing of leakage gases and cooling air flow 
before entering the wing fan cavities.   Even with doors and louvers 
closed, sufficient cooling air exit flow area is provided from the fan 
cavity to maintain desired flow rates.   The various components of the 
XV-5A cooling system are discussed in greater detail in the following 
subsections. 

3.1       FORWARD UPPER FUSELAGE 

3.1.1   Boundary Layer Bleed Duct 

The boundary layer bleed duct, located between the engine inlet and 
fuselage as shown in Figure 3.3 is a rain inlet for the removal of the 
boundary layer formed on the canopy and fuselage forward of the turbojet 
engine inlet to improve the engine inlet performance.   The ram air 
taken in is directed to the engine bays for cooling.   The forward flapper 
at the inlet acts as a check valve to prevent engine suction applied at the 
boundary layer bleed duct inlet from reversing the flow through the duct 
during ground operations.   A splitter aft of the forward flapper divides 
the flow from the single duct inlet into each individual engine bay.   The 
duct branches, from the left and right hand large cooling fans, intersect 
the individual boundary layer bleed ducts leading to the left and right hand 
engine bays respectively.   A flapper valve installed in each bleed duct at 
the branch intersection divides the flow between the ram air and the large 
cooling fan air in proportion to the static pressure and momentum forces 
developed on the flapper by each branch (see Section 9.3.3).   As the air- 
craft increases speed, the ram air pressure from the bleed duct forces 
the flapper down and eventually shuts off this portion of the large cooling 
fan flow. 
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3.1.2 Cockpit Ventilation 

Cockpit ventilation is provided by outside air drawn from the boundary 
layer into the cockpit.   The air inlet is a gap around the canopy edge as 
presented in Figure 3,4.   The canopy is sealed only on the forward top 
edge.   The gap ranges from 0.1 inch on the sides to 0.5 inch at the hinge 
area.   Air is withdrawn from the cockpit at the top of the aft canted bulk- 
head through the interconnecting ducting by suction of the cooling fans. 
Cockpit heat loads include contributions from the crew, cockpit equip- 
ment, aerodynamic heating, external heating by downwash, solar energy, 
forward and aft bulkheads and the floor over the pitch fan supply ducting. 
During VTOL operation, external hot gases from the fans may affect the 
temperature of the outside air entering the cockpit. 

3.1.3 Cooling Fan Compartment ______________ 

The cooling fan compartment is located aft of the hydraulic compartment 
and under the engine inlet, as presented in Figure 3.5.   The compart- 
ment contains two large cooling fans, two small cooling fans, two 
generators, and the ducting for distribution of the cooling fan air flow. 
Cooling air enters the compartment from the cockpit and the two inlet 
ports, one on each side of the fuselage, and leaves the compartment 
through the various branches of the ducting system.   The flow from the 
small cooling fans to the generators is recirculated in the compartment. 

3.1.4 Cooling Fans 

o 
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The major components of the cooling system are two centrifugal cooling 
fan assemblies.   Each assembly is mechanically driven by its turbojet 
engine and consists of a gear box, one large ccntrilugal cooling Ian, and 
one small centrifugal cooling fan, (Figure 3. 5).   The left and right hand 
cooling fan assemblies supply cooling air to the left and right hand side 
of the aircraft, respectively, in the upper fuselage section, and dump 
into the center fuselage section at the forward and aft bulkheads, 
respectively.   The flow distribution of the four cooling fans is: 

L. H. large cooling fan flow supplies cooling air to the left 
engine bay and to the forward left side of the center fuselage 
section.   The cooling fan air flow to the engine bay diminishes 
as flight speed increases until its total flow is discharged 
into the center fuselage section, (see Section 3.1.1). 

15 
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3.1.7   Engine Compressor Compartment 

The engine compressor compartment as presented in Figures 2.2 and 
3.1 encloses the engine compressor, canular firewall surrounding the 
combustion chambers, and various engine accessories.   The combustion 
chamber shroud extends into this compartment, however the shroud is 
open to the engine bay.   Cooling air enters the compartment through 
holes in the ducting between the large cooling fans and the boundary layer 
bleed duct, and discharges through gaps around the four engine inter- 
stage bleed ducts. 

.1 
R. H. large cooling fan flow supplies cooling air to the right 
engine bay and to the aft center of the center fuselage section. 
The fl )w characteristics to engine bay are the same as for 
the L. H. large fan. 

L. H. small cooling fan flow supplies cooling air to the L. H. 
generator which discharges the flow back into the cooling -1 

• fan compartment, and to the L. H. hydraulic oil cooler which 
discharges the flow into the electronic compartment. 

11 
R. H. small cooling fan flow distribution is the same as the 
L. H. small cojling fan, except that it supplies the R. H. 
generator and the R. H. hydraulic oil cooler. 

3.1.5 Hydraulic Oil Cooler 

There are two cross-flow hydraulic oil coolers (Stewart-Warner 8425A), 
one for each hydraulic system.   Cooling air from the small cooling fans 
flow through the coolers and absorb heat from the hydraulic oil as it is 
returning to the reservoir.   (For flow distribution, see Section 3.1.4.) 
For schematic, see Figures 3.2 and 3.5. 

3.1.6 Electronic Compartment 

The electronic compartment, located aft of the cockpit as presented in 
Figure 3.5, contains the radio, stability augmentation system, and 
various relays, switches, and other components of the electrical system. 
Cooling air is supplied from the small cooling fans to remove the heat 
of the electrical equipment.   The cooling air leaves the compartment at 
the bottom, and Is discharged into the lower forward fuselage section. 
The AN/ARC-51X radio has a built-in blower that draws cooling air 
from, and discharges it back to the electronic compartment. 

:: 

• 
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3.1.8   Engine Bay 

An engine bay is formed around each engine enclosing the turbine casing 
and diverter valve, as shown in Figures 2.2 and 3.1.   The engine bays 
are separated from the center fuselage section, engine compressor 
compartment, and each other by titanium firewalls.   The aft end is en- 
closed by an aluminum bulkhead and the outside surfaces are formed by 
a removable aluminum honeycomb panel.   Cooling air enters the bay 
from the boundary layer bleed duct and the large cooling fans at the top 
inboard corner of the forward firewall, and is free to circulate around 
the complete surface of the turbine casing and diverter valve.   A simple 
impingement baffle plate has been designed for installation at the engine 
bay inlet should subsequent tests indicate such redistribution to be 
desirable.   A polished aluminum shield is installed around the tailpipe 
at the aft aluminum bulkhead to protect it from radiant heat.   The cooling 
air discharges from the hay through the annulus formed by the tailpipe and 
shroud at the aft bulkhead, as shown in Figure 3.2. 

3.2       AFT FUSELAGE 

3.2.1 Aft Fuselage Bay 

The aft fuselage bay contains the tailpipes, tailpipe shrouds, fuel cells, 
and control equipment.   Because the quantity of heat given off by the tail- 
pipe shrouds is low, and the heat sink formed by the fuel cells and skin 
surface is large, there is no requirement for cooling air to the aft 
fuselage bay. 

3.2.2 Tailpipe and Shroud 

o 
PQ 
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The two tailpipes run diagonally through the aft fuselage, one from each 
engine, as shown in Figures 2.2 and 3.2.   The tailpipes are shrouded 
the full length by individual titanium tubes forming an annular flow 
passage with a 1.5 inch gap.   The inside of the shroud is gold plated to 
reduce the radiant heat transfer to the shroud.   Cooling air from the 
engine bay flows through the annulus and to the ejector, cooling both the 
tailpipe and shroud, but primarily the latter. 

3.2.3   Tailpipe Ejector 

The tailpipe ejectors, located at the aft end of each tailpipe (Figures 3.2 
and 3.6) consist of conical extensions of the shrouds past the tailpipe 
nozzles.   The ejectors operate effectively only in the conventional flight 
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mode to increase the cooling air flow through the engine bay and tailpipe 
annulus.   During operation with lift fan mode, only a small quantity of 
diverter valve leakage air enters the tailpipe, and cooling air flow is 
provided only by the large cooling fan. 

3.2.4   Aft Equipment Compartment 

The aft equipment compartment, (Figure 3.1), contains the electrical 
inverters and batteries.   There is no cooling air requirement for this 
compartment, since no jet wake attachment to the outside skin is 
expected. 

3.3       GAS POWER DISTRIBUTION SYSTEM 

The gas power distribution system for the wing and nose fans is dis- 
cussed here since it is the major source of heat to the center and forward 
fuselage sections, and the fan compartments. 

3.3.1   Lift Fan Mode Operation 

'J 
: 

: 

: 

■ 

The hot gas generator exhaust gases are diverted through the diverter 
valve to the power distribution ducting in the center fuselage section, 
where they are distributed to the fan scrolls via three branches, with 
approximately 13% of the flow going to the pitch fan and 43.5% to each 
wing fan.   The scrolls distribute the hot gas to the nozzle blocks, which 
discharge the gas evenly over the fan turbine blades.   The ducting to the 
fan scrolls, and the scrolls, located in the wings and pitch fan cavity, 
are insulated with foil-covered Refrasil insulation blankets.   The 
Marman-type clamps at the duct joints have a maximum leakage rate 
of 0.01 SCFM per inch of duct diameter.   Due to contraction and ex- 
pansion of the ducts, the leakage rate may be increased with operating 
time.   The scroll seals extending around the inboard side of the wing 
fans and the aft side of the pitch fan have a General Electric guaranteed 
maximum leakage of 0.2% of the total hot gas flow.   The scroll seal 
leakage may occur symmetrically around the seal or in localized areas. 

3.3.2   Turbojet Mode Static Operation 

During static operation in the conventional mode, the diverter valtre is 
positioned in the straight through or turbojet mode position.   The General 
Electric guaranteed maximum leakage of hot gases through the diverter 
valve to the fan mode ducting is 0.8% of the total gas flow, and it may or 
may not occur symmetrically around the valve.   Thus, the leakage may 

18 
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I be distributed to each fan in the percentages given in Section 3.3.1, or 
w it' the leakage occurs on one side ol the valve, the hot gases may attach 

to the duct walls and be distributed unevenly to the fans. 

3.3.3   Turbojet Mode Flight Operation 

During flight in the conventional mode, the diverter valve leakage into 
the cross-over duct is the same as that occurring statically, (refer to 
Section 3.3. 2).   During flight with the fan doors and louvers in the 
closed position, nearly ambient pressures are developed around the 
nose fan while negative pressures are developed over the wing fan 
louvers.   The differential pressure so developed induces air flow from 
the pitch fan to the wing fan by way of the gas power distribution ducts. 
Air from the pitch fan cavity will mix with the hot diverter valve leakage 
gases in the cross-over duct before passing through the wing fan cavity 
to the outside. 

3.4       LOWER FUSELAGE SECTION 

The lower fuselage section consists of three compartments:  the center 
fuselage compartment, flap actuator compartment, and the forward 
lower fuselage compartment.   The lower fuselage section is that portion 
of fuselage under the engine luiys, main fuel cell, electronic compartment, 
and cockpit as shown in Figure 3.2.   This section of fuselage contains 
the cross-over and pitch fan ducting, electrical and hydraulic equipment, 
engine controls, aircraft control system components, and fire extin- 
guisher bottles.   The heat sources to this section include:  conduction, 
radiation and convection from the shrouded ducting, recirculation of 
heated cooling air, hot gas leakage from ducting joints, and external hot 
gas leakage into the compartment caused by lift fan stream impingement 
on the skin. 

o 
3.4.1   Center Fuselage Compartment 

^ The center fuselage compartment located under the engine bays as noted 
Z| in Figures 2. 2, 3.1, 3.2 and 3. 7 is supplied with cooling air from the 
(- large cooling fans, (Section 3.1.4).   The compartment skin is formed by 
>l a series of unsealed removable panels, which offer the possibility of 
tl cooling air leakage from the compartment and hot gas leakage into the 

compartment.   The cooling air leaves the compartment through the flap 
actuator compartment, and through the scroll cavities of the wing roots 
to the wing fan ejectors.   During conventional operation, the diverter valve 
gas leakage does not cause a serious heating problem in the center fuselage 

] compartment. 
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3.4.2   Flap Actuator Compartment ~.", 

The flap actuator compartment is located aft of the wing rear spar in 
the fuselage as presented in Figure 3. 7.   There is no cooling require- 
ment for this compartment during CTOL mode.   During VTOL mode, 
hot gases from the wing fan exhnust may have a tendency to enter the 
compartment through the slots provided for the flap actuator shafts.   On 
the other hand, opposing the hot gas inflow is the cooling air which 
enterr the compartment from the center fuselage through the control 
cable holes in the rear spar and which discharges to the outside through 
the slots mentioned above. 

3.4.3   Forward Lower Fuselage Compartment 

3.5.1   Nose Fan Compartment 

The nose fan compartment, located forward of the cockpit front bulkhead 
as presented in Figures 2. 2 and 3.1, contains the nose fan, fan ducts 
and fan scroll.   The heat sources in the compartment are: conduction, 
convection, and radiation from the fan, ducts and scroll; fan scroll seal 
leakage: duct joint leakage: and external hot gases impinging on the 
compartment skin.   Cooling air enters the compartment from the forward 
lower fuselage compartment and discharges through the nose fan air 
ejectors. 

fl 

:: 

The forward lower fuselage compartment is that portion of the fuselage 
under the main fuel cell, electronic compartment, and uockrit as shown 
in Figures 2.2, 3.1 and 3.2.   Cooling air is supplied to this compartment 
from the small cooling fans discharging from the electronic bay, (refer 
to Section 3.1.6).   For the compartment equipment and heat sources, 
see Section 3.4.   In the portion of the compartment labeled "O" in 
Figure 3.1, the flow will go aft towards the center fuselage.   The leakage 
rate around the panels is assumed to be such that all the flow will leak 
outside before reaching the center fuselage, although there may be inter- 
change of flow between the two compartments.   The portion of the com- 
partment labeled "P' in Figure 3.1 is divided into two parallel sections 
separated by the nose landing gear compartment, as presented in 
Figure 2.2.   The cooling air in this portion will flow forward to the nose 
fan compartment along the nose fan ducts. 

3.5        NOSE FAN COMPARTMENT AND CAVITY 

D 
:: 
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3 3.5.2 Nose Fan Air Ejectors 

The nose fan air ejectors consist of slots cut into the nose fan inlet 
louver support struts running fore and aft across the bellmouth.   During 
operation in the lift fan mode, the high velocity air flowing over the 
struts to the nose fan creates a low static pressure at the slots, thereby 
developing a differential pressure across the nose fan compartment cool- 
ing system.   Tha ejector does not operate in the conventional mode. 

3.5.3 Nose Fan Cavity 

The nose fan cavity extends vertically through the aircraft nose from the 
fan inlet louvers to the fan exhaust doors (thrust reverser doors) as 
presented in Figure 3.1.   During operation in the lift fan mode, the hot 
gases exhaust from the bottom aft quadrants of the fan and impinge on 
the aft cavity wall where a partial mixing of the cold and hot gas takes 
place.   The aft wall is made of titanium to withstand the high temperature 
gases.   During static operation in the conventional mode, the air 
ejector is nonoperative and the only cooling air is a relatively small 
amount supplied from the fuselage, which is at a slightly higher pressure. 
Because there is no method provided for purging the cavity of diverter 
valve leakage, the inlet louvers and thrust reverser doors should be 
left open during ground runs.   During conventional flight, air entering 
the cavity through gaps in the inlet louvers will mix with the cool air 
from the fuselage and discharge through the nose fan supply ducts to the 
wing fan cavities, (see Section 3.3.3).   No serious heating problems are 
expected in the nose fan cavity during flight operation in the conventional 
mode. 

3.6       WING FAN COMPARTMENT AND CAVITIES 

3.6.1   Wing Fan Compartments 
r-   
o 
PQ The wing fan compartments in each wing are bounded by the front and 
^ rear wing spars, the wing root, and the rib at BL 100 as shown in Fig- 

Z| ure 3.8.   The compartment contains the wing fan and scroll.   The heating 
l<jl sources are the same as the nose fan cavity, (refer to Section 3.5.1). 
/■ I Cooling air is supplied from the center fuselage and discharged through 

mttu the wing fan air ejectors to the wing cavity. 

.) 
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3.6.3   Wing Fan Cavities 

The wing fan cavities extend vertically through each wing from the Inlet 
doors to the exhaust louvers as presented In Figures 2.2 and 3.9. 
During operation in the lift fan mode, some reclroulatlon of wing-fan, 
tip-turbine exhaust gases may occur at high angle of attack and in ground 
effect.   During conventional mode operation, the characteristics of the 
flow are the same as and dlverter valve leakage gasea are confined as in 
the nose fan cavities (see Section 3.6.3).   During conventional flight, 
a low external pressure is developed over the fan doors and louvers. 
These low pressures create a low pressure in the cavity to aid cooling 
air flow from the fuselage and nose fan cavity, (see Section 3.3.3). 

] 
3.6.2   Wing Fan Air Ejectors 

J 
The two air ejectors on each wing fan are located on the fan strut running -t 
fore and aft on the fan centerllne and across the bellmouth as presented .1 
in Figure 3.9.   During operation in the lift fan mode, the high velocity 
cold air entering the wing fan creates a low static pressure at the 
ejectors, therefore developing a differenlial pressure across the wing 
fan compartment cooling system.   The air ejectors are non-operative 
during conventional operation. 

] 

:: 
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Figure 3.1      General Arrangement - Fuselage Section and Compartments 

£ 
■MMMMHII .-'   « 



n 
1 
o 

n 

General Arrangement 

A Engine Inlet 1 

B Boundary Layer Bleed Duct 2 

C Cooling Fan Compartment Air Inlet 3 

D Cockpit Air Inlet 4 

E Cooling Fans 5 

F Hydraulic Pump and Generator 
G Hydraulic Oil Cooler 6 

H Electronic Bay 
J Small Cooling Fan Ducting 7 

K Cooling Fan Compartment 8 

L Duct - Cockpit to Cooling Fan Compartment 9 
M Cockpit 10 
N Aft Pitch Fan Compartment 
0 Pitch Fan Air Ejector 11 

P Pitch Fan Cavity 
Q Pitch Fan 12 
R Pitch Fan Doors - Lower 13 
s Pitch Fan Doors - Upper 
T Turbine Casing 14 
U Engine Bay 15 
V Diverter Valve IG 
w Tailpipe Shroud 17 
X Tailpipe 
Y Boundary Layer Bleed Duct Flappers 18 
Z Large Cooling Fan Ducting 19 
AA Thrust Spoiler 20 
BB Flap Actuator Slot 21 
CC Cross-Over Ducts 22 
DD Tailpipe Ejector 
EE Lower Fuselage Cavity 23 
FF Pitch Fan Supply Duct 24 
GG Forward Wing Spar 
HH Aft Wing Spar 25 
JJ Aft Wing Fan Air Ejector 
KK Forward Wing Fan Air Ejector 26 
LL Wing Fan 
MM Wing Fan Scroll 27 

Cooling and Engine Air Flows 

Outside to Cockpit 
Outside to Boundary Layer Bleed Duct 
Engine Inlet 
Outside to Cooling Fan Compartment 
Small Fans to Hydraulic Oil Coolers and 
Electronic Bay 
Boundary Layer Bleed Duct to Engine 
Bays 
Large Cooling Fans to Engine Bays 
Small Cooling Fans to Generators 
Cockpit to Cooling Fan Compartment 
Left Hand Large Blower to Fuselage 
Cavity 
Right Hand Large Blower to Fuselage 
Cavity 
Engine Bays to Tailpipe Ejectors 
Engine Diverter Valves to Cross-over 
Ducts 
Cross-over Ducts to Wing Fans 
Cross-over Ducts to Pitch Fans 
Pitch Fan to Wing Fans 
Pitch Fan Aft Compartment to Pitch 
Fan Air Ejectors 
Outside to Pitch Fan Cavity 
Pitch Fan Cavity to Outside 
Outside to Pitch Fan Cavity 
Pitch Fan Cavity to Outside 
Fuselage Cavity to Flap Actuator Slots 
to Outside 
Engine Exhaust 
Electronic Bay to Aft Pitch Fan Com- 
partment and Fuselage 
Fuselage Cavity to Forward Wing Fan 
Air Ejectors 
Fuselage Cavity to Aft Wing Fan Air 
Ejectors 
Wing Fan Cavity to Outside 
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Figure 3.2      General Arrangement - Cooling and Engine Air Flow 
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Figure 3.4      Heating and Cooling Schematic - Cockpit Ventilation System 
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Figure 3.5      Heating and Cooling Schematic - Cooling Fan, Hydraulic and Electronic 
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4.0   REQUIREMENTS 

4.1       GENERAL OBJECTIVES 

The general objectives of the XV-5A cooling and structural protection 
systems are to maintain aircraft component and structural temperatures 
within safe limits for the following operational conditions which are 
listed in order of expected increasing severity. 

a. Normal operation 

b. 

c. 

d. 

Ground checkout tests 

Wind tunnel test 

Prolonged flight test in and out of ground effect. 

Flight test is considered to include fan and turbojet mode operation, 
conversion sequences, and ground runs, where extended test durations 
are required. 

4.2 DESIGN CRITERIA 

Design load and off-design load temperature limits for structural materi- 
als are summarized in Table 4.1.   Under light loadings at off-design 
conditions, £he design load limits may be relaxed and temperature limits 
increased to those values at which no appreciable permanent loss of 
strength is experienced.   A number of aircraft component temperature 
limits are summarized in Table 4.2 and Figure 4.1. 

4.3 OPERATIONAL CRITERIA 

The XV-5A operational design criteria are summarized in Table 4.3. 
Their establishment considered extended ground, wind tunnel, and flight 
test operations as well as pilot training and flight iamiliarization pro- 
grams.   From a heating and cooling viewpoint, the criteria of Table 4.3 
are expected to bo more severe than actual conditions when the XV-5A 
becomes operational. 
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TABLE 4.1 

XV-5A Aircraft, Structural Temperature Limits 

Aluminum Alloys 

Titanium -99 T c 
6AL4V 

Magnesium AZ318H24 

Steel - Marage 

Fiberglas Laminate - SUlcone 

Rubber - SUlcone 

Design 1 g Load 

250° F 325° F 

550° F 1000° F 

700° F 1100° F 

250° F 400° F 

300° F 700° F 

700° F 700° F 

450° F 450° F 

■ 

] 

: 

TABLE 4.2 

XV-5A Aircraft, Component Temperature Limits 

Power Plant Temperature Limits 

EOT Starting 1 second 950° C 1742°F 
4 seconds 850° C 1562° F 

11 seconds 750° C 1382° F 

Steady State 100% RPM 680° C 1256° F 

Steady State Idle 600° C 1112°F 

EOT Fluctuation +5, -10°C +9, -18°F 

OH Temp. Tank 177° C (350° F) 

Fuel Inlet 43^ 110° F 

Casing 

Fwd. Compressor 250° F. 

Aft Compressor and Main Frame 750° F 

Combustor 860° F 

•• 

• 
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TABLE 4.2 (Continued) 

Turbine Case 

Diverter Valve 

Diverter Valve Actuator Oil-In 

X353-5B Wing Fan 

Bearing 

Rotor (Turbojet Mode) 

Front Frame (Outboard Side) 

X376 Pitch Fan 

Bearings 

Front Frame 

Engine Component Limit 

Ignition Generator 

T5 Harness Disconnect 

Power Pack 

Tachometer-Generator Alternates 

Anti-Icing Valve 

Junction Box 

1150° F 

1300° F 

200° F 

350° F 

250° F 

300° F 

350° F 

250° F 

350° F 

350^ 

300° F 

285° F 

275° F 

300° F 

o 
CQ 

> 

id 

I 

All other engine components are designed for continuous operation when 
surrounded by air at an ambient temperature of 250° F. 

Electronic Components 

Environment 

AN/ARC 51X Radio (See Figure 4.1) 

160° F 

131° F 

I 
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Figure 4.1       Cooling Air Requirements, AN/ARC-51 Radio (10-Minute Receive/ 
5-Minute Transmit Duty Cycle) 
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5.0   AIRCRAFT ENVIRONMENT 

5.1        CLIMATIC EXTREMES 

Provisions for climatic extremes are incorporated in the XV-5A air- 
craft to the extent specified by Reference 1 which requires that the air- 
craft operate satisfactorily in a temperature environment from -40° F to 
135° F.   A maximum ambient temperature of 94° F has been used to es- 
tablish aircraft design requirements and performance. 

5.2       INDUCED ENVIRONMENT. TURBOJET MODE 

5.2.1   Normal Operation 

. 

• 

s 

1 
I 

I 
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During normal operation in the turbojet mode, the external environment 
of the aircraft will be essentially ambient conditions as for conventional 
aircraft. 

5.2.2   Thrust Spoiler Operation 

During thrust spoiler operation, the lower portions of the aft fuselage 
section will be exposed to turbojet exhaust gases to 1250° F.   Based on 
data of Figure 5.1, estimated hot gas isotherms are presented in Fig- 
ure 5.2. 

5.3       INDUCED ENVIRONMENT, FAN MODE 

5. 3.1   Background 

The induced environment surrounding the XV-5A aircraft during fan 
mode operation affects many aspects of the aircraft design, performance 
and operation because of (1) local heating, (2) hot gas and /or particle 
Ingestion by propulsion and cooling systems, and (3) force and moment 
self-disturbance phenomena.   These effects are most evident in ground 
effect, however, some are present out of ground effect also. 

In spite of rather extensive literature on downwash phenomena (see 
table 5.1 for definition of terms), including theoretical and experimental 
studies on small and large scale components, much is lacking for under- 
standing, estimating and evaluating induced flow fields for a new 
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In addition to the above, the engine air and cooling air system inlets act 
as sinks to further distort and modify the local aircraft flow fields. 
Considering the effects of the modulatory turning of the nose fan slip- 
stream for pitch control, differential main fan intensity and velocity vec- 
toring for roll and yaw control, collective vectoring for translatlonal 
flight, and winds from any direction, the extreme complexity of the local 
flow field near the aircraft is evident. 

" 

aircraft.   Data of Kuhn, Newsom, and Tosti (References 2-4) give useful 
insights regarding the flow fields for particular aircraft configurations 
tested, and may be combined with generalized correlations to develop 
quantitative estimates of some flow field characteristics.   The data of 
Hess (Reference 5) are useful for far field effects.   Because of its im- 
portance, the remainder of Section 5.3 attempts to develop some of the 
nature and character of the induced environment as it affects the XV-5A 
aircraft. 

: 

:: 

5.3.2   General Characteristics 

Each fan can be idealized as an area source-sink combination such that 
the fan slipstream ultimately returns to its inlet, forming a closed loop 
flow field symmetrical about the fan plane.   Adding the effects of multi- 
ple fan slipstreams, slipstream vectoring, unequal slipstream intensi- 
ties, uniform wind velocities, surface impingement, and other factors, 
complicates the problem of defining the resulting flow field details, but 
does not alter its basic closed loop character.   In a real gas, the closed 
loop flow field does not develop unless additional forces are present, 
such as those developed from ground planes or other sources. 

If the XV-5A aircraft is hovering far above the ground plane, its fan 
streams at first maintain their separate identity, then gradually coalesce 
to form one large "aircraft-slipstream" and finally dissipate before 
striking the ground.   As the aircraft approaches the ground plane, the 
"aircraft-slipstream" begins to "feel bottom" and is turned to run radi- 
ally outward from its impingement center.   Details of the radial flow 
field for this condition can be approximated using suitable assumptions 
and the generalized data of Kuhn (reference 4) as presented in Figure 6.3. 
When the aircraft is very close to the ground, tie individual fan slip- 
streams "feel bottom" before coalescence, and are turned to run radi- 
ally along the ground plane from their respective impingement centers. 
The radially running ground streams from the inboard or facing fan 
stream quadrants meet to form an interaction zone where the streams 
are deflected forward, upward, or aft in a complex manner. 
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5.3.3   Interaction of Multiple Fan Streams 

When two adjacent and identical fan slipstreams impinge normal to a 
ground plane, the radially flowing ground streams encounter each other 
altng a line midway between the slipstream impingement centers and 
normal to the line connecting their centers such as shown in Figure 5.4(a). 
Along this line, the speed (and dynamic pressure) of the encountering 
streams are assumed to be equal, therefore, there should be no net 
flow across the line or zone of interaction. 

From the characteristic velocity decay rates of Figure 5.3, it can be 
seen if one of the streams is stronger than the other, the interaction 
zone will be displaced toward the weaker stream.   Such effects depend on 
relative fan diameters, spacing, and slipstream intensities as shown in 
Figures 5.4(b), (c) and (d).   Likewise, differentially vectoring the fan 
streams will move their impingement centers in the direction of vector- 
ing, distort their outflow pattern from circular to elliptical, and will 
"skew" the interaction zone away from the more powerful side of the out- 
flow pattern as Indicated by Figure 5. 4(e). 

If a third fan slipstream is added to form a triangular pattern, the flow 
field is materially altered and new interaction zones are formed, again 
depending upon the fan spacing, diameter, and fan stream intensity. 
Figures 5.5(a), (b), and (c) show representative interaction zones for 
equal diameter fans having identical fan stream intensities.   The effects 
of different intensities, diameters, and differential vectoring are shown 
in Figures 5.5(d) through 5.5(h).   Unfortunately no known data exist 
which permit quantitative estimates of vectoring effects.   Various meth- 
ods of approximation are being considered, however, they are not de- 
veloped to the point so that inclusion in this report can be justified. 

The above procedure may be used as a first approximation to estimate 
the effect of ground winds as shown in Figure 5.6.   The presence of such 

S an interaction zone suggests the possibility of potential reingestion and 
•   <c the formation of at lf>ast a nartinllv nlos«H loon flow svstnm. the formation of at least a partially closed loop flow system. 
Z| 
i,± Flow field studies on a model of the twin-prop VZ-2 (Reference 2) sug- 
>l gest the behavior of the ground flow at the interaction zones.   If the 
tfl angle of attack of the streams to the interaction zone is from about 70 to 

90° , flow will be turned strongly upward at angles from 45 to 90° .   If the 
angle of attack is less than about 70°, the upturn angle drops to 10s or 

I less, and the encountering streams tend to join and run more or less 
parallel to each other along ground at the interaction zone. 

» 

m■■' , milii i mmmmmmmmmmmmmmmm niiiniiin IIüI 

: 

n 



_———_—— 

5.3.4   Some Quantitative Estimates of XV-5A Downwash Phenomena 

During hovering operation, the XV-5A is supported by lift developed by 
two 62.5" diameter wing fans, the centers of which are approximately 
two fan diameters apart and located symmetrically with respect to the 
aircraft centerline (BL 0), and the 36" diameter nose fan.   The nose fan 
is located forward approximately three wing fan diameters on BL=0. 
For sea level standard day and 100% power conditions at a nominal col- 
lective control position, the XV-5A disk loadings for the wing and nose 
fans are 268 and 274 lb/ft2, respectively.   Fan stream dynamic pres- 
sures in theory equal one-half the disk loading, since the fan installation 
is equivalent to a shrouded propeller.   Current ranges of control settings 
permit differential wing fan disk loadings of 112.5% by differential stag- 
ger, or from 302 to 234 lb/ft2 full-up to full-down collective stick posi- 
tions, respectively.   The wing fan streams may be collective vectored 
from approximately -5° to 50° aft and differentially vectored by as much 
as ±16°. 

Using these data and generalized correlations of Kuhn and others, realis- 
tic estimates can be made of (1) ground erosion (one type of aircraft sig- 
nature), (2) particle transport rates, (3) water and dust cloud heights 
(another type of aircraft signature), (4) particle impingement or terminal 
velocities, (5) integrated downwash wind velocities, (6) effects on parked 
aircraft or adjacent field stores, and other practical aspects of down- 
wash phenomena which would be encountered during XV-5A or similar 
aircraft operational evaluations under simulated or actual field condi- 
tions.   To date, analysis of the XV-5A in this regard has been limited 
only to evaluation of the flow field patterns along the ground plane and be- 
neath the fuselage.   Figures 5.7 through 5.12 show the estimated zones 
of interaction between downwash from the wing and nose fans for the air- 
craft control conditions shown on Table 5-2.   Effects of fan stream vec- 
toring are not considered for reasons already stated.   The pitch control 
effects are accounted for by assuming constant fan stream dynamic 
pressure, and by converting the nonintercepted fan stream area to a 
conventional hydraulic diameter which replaces the fan diameter for en- 
tering the general correlations of Figure 5.3.   The valid region of con- 
sideration for these studies is estimated to be within a one-foot thick 
layer in contact with the ground plane. 

j 
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As a base for comparison. Figure 5.7 shows the fan stream interaction 
zones with controls in the neutral position.   Figures 5.7 and 5. 8 show 
that for the full pitch-up control position, the nose fan-wing fan interac- 
tion zone is broadened and forced aft about 24 inches from Sta. 112 to 
Sta. 136 (vectoring the main fan streams aft would permit movement of 
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the interaction zone still further aft).   For the full pitch-down control 
position (not shown), none of the nose fan stream touches the ground; 
thus there is no interaction /.one for the nose and wing fan streams, and 
the interaction zone between the main fans lies along BLFO. 

Figures 5.8-5.10 show collective lift has a small effect on the interac- 
tion zone locations.   Figures 5.11 and 5.12 show the characteristic dis- 
placement and distortion effect of ±5% and ^12.5% differential wing fan 
lift, respectively.   The interaction zone line of Figure 5.12 near the 
wing fans is open to question, because radial ground flow from the 
weaker fan (right hand wing fan) probably has not had time to develop. 

As discussed previously the major effects of fan stream vectoring are 
the displacement of the impingement center, a strengthening of radial 
flow in the direction of vectoring, and a weakening of radial flow in the 
direction opposite to vectoring.   Thus, during collective louver vector- 
ing from -10° to 45°, the stagnation zone, say of Figure 5.7, should 
move aft toward the wing fans and may even move under the wing.   Dif- 
ferential vectoring on the other hand should skew the interaction zone as 
suggested in Figure 5.4(e); thus, a right yaw would tend to skew and ro- 
tate the interaction zone counterclockwise, and a left yaw clockwise. 

Comparison in Figure 5.13 of the far field flow according to Hess (Ref- 
erence 5) with the near field flow according to Kuhn (the method followed 
here) shows the agreement to be relatively good. 

o 
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With these interaction zone patterns in mind, the general ground flow 
characteristics can be assessed qualitatively.   Figure 5.14 shows a 
number of zones of interest during static hovering in ground effect.   At 
the interaction zones represented by A and D, a strong upwash is ex- 
pected which will strike the fuselage bottom.   In zones B, C, and E, the 
streams are expected to be running more or less parallel to the ground 
plane and to the interaction zone.   In zones G and H, the streams are ex- 
pected to run parallel to the ground plane and more or less radial from 
their respective sources.   On the bottom of the fuselage above zone A, 
the flow will split, a part moving forward and the remainder aft.   The 
same tendency is expected in zone D, except that only lateral flow is 
permitted.   There is a possibility of flow attachment to the fuselage 
with resultant upward turning. 

I 

I 

In view of the above, one can visualize a number of downwash effects on 
the XV-5A aircraft and its operation.   For example, the lower fuselage 
will be exposed to warm gases from 220° F to perhaps 400° F.   Hot gases 
from zone D of Figure 5.14 may be ingested by the cockpit, engine and 
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cooling fans.   Likewise, hot gases from zone C, and zone D, may be re- 
Ingested by the wing and pitch fans.   Although the severity of the problem 
is unknown and may lend itself to correction, it does occur and the Inges- 
tion of warm gases will cause decreased gas generator performance, in- 
creased fan speeds with reduction in lift, and increased temperature 
levels for all aircraft items requiring cooling air.   Since dust and debris 
can be carried easily by these intensely acting streams, problems inher- 
ent to particle Ingestion may also become important - problems such as 
foreign object damage, maintenance, visibility, aircraft signature, etc. 

The purposes of Section 5.3 have been to provide some insight to the 
varied and complex nature of the XV-5A environment during fan mode 
operation; to demonstrate the importance of early consideration of down- 
wash phenomena in subsequent aircraft design; and to demonstrate avail- 
ability of an approximate method to obtain quantitative estimates of par- 
ticular and practical downwash characteristics for the XV-5A aircraft. 

,> 

: 

: 
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It is recommended that the downwash evaluation be continued beyond that 
presented here, that the preliminary results be checked against experi- 
mental measurements on the XV-5A aircraft, that further general ex- 
perimental data be gathered on the interaction of multiple streams on 
triangular spacings, and that experimental data be obtained to permit 
generalized correlations for vectored fan streams. 

5.3.5   Environmental Temperatures 

5.3.5.1 Data Sources 

As discussed in the previous sections, the local aircraft environment is 
extremely varied.   Local temperatures vary from the 1040° F fan tip tur- 
bine exhaust gases to ambient temperature.   This section brings together 
in one place those applicable data gathered from various sources, but 
principally from high wing VTOL transport tests and full scale XV-5A 
Model tests conducted in the NASA-Ames 40' x 80* wind tunnel. 

5.3.5.2 Data Correlation 

Steady state gas and structural temperatures are conveniently corre- 
lated by the non-dimensional temperature difference ratio: 

(t m W/(Vi »AMB» "  »m tAMB>/<EGT-lAMB' 

where tm is the measured gas or structural temperature, t5a i is the 
X353-5B gas generator exhaust gas temperature otherwise known or 
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referred to as EGT, and t^MB Is the ambient temperature unaffected by 
the aircraft.   The general validity of this correlation is demonstrated by 
Figure 5.15 which is based on the data of Table 5.3 and Figure 5.16.   In 
spite of its general validity, it has some inherent discrepancies, (e.g. 
external gas temperatures controlled by fan turbine exhaust gases should 
be based on fan turbine exhaust gas temperature rather than t5 1, and the 
ambient temperature should be the local environmental temperature as af- 
fected by downwash phenomena rather than "Weather Bureau" ambient 
temperatures).   Again, there is always the temptation to use this corre- 
lating ratio for transient data.   As long as events are the same and 
changes are relatively slow, the ratio may be used as a reasonable ap- 
proximation, however, where conditions change rapidly (e.g. EGT as a 
function of a step change in gus generator RPM) changes in the value of 
X( can be misleading, and its use can produce erroneous conclusions. 

5.3.5.3  Lower Fuselage 

The data presented in Figures 5.17 through 5.21, represent estimates of 
external gas isotherms washing the fuselage sides below the wing from 
Station 150 to 350 for typical conditions of power setting, wing fan 
stream vector angle and aircraft speed.   The region covered includes 
most of the titanium center fuselage lower access section and the main 
landing gear cavity.   The isotherms are based on NASA-Ames Test 177 
Run 16 data and correlated test results on the high wing transport model. 
Not directly applicable to the XV-5A, these data were treated as follows: 

1. The high wing transport data were recorrelated in terms of ver- 
tical distances from the lift fan rotational plane expressed as fan 
diameters (Y/D). 

>" I 

2. It was assumed vectoring would deflect all data points through the 
same angle from their point of origin in the fan plane. 

3. It was assumed for forward flight that the resultant fan stream 
vector would be equal to the vector sum of vectored fan stream 
and flight (or free stream) velocities. 

4. Values of fan turbine exhaust gas temperatures were taken from 
Figure 5.16 at the selected gas generator speeds. 

I 
I 

: 

5. Based on flap effectiveness data, it was assumed hot gases would 
be pulled through the wing trailing edge slot when the flap was set 
at an angle of 45 degrees. 
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Comparison of Figures 5,17 through 5.21 shows maximum severity of 
exposure forward of the wing fan center occurs at maximum power (100% 
J85 PPM), 0 to 10° fan stream vector, with the aircraft on the ground 
(tie-down test, Figure 5.19); while maximum severity aft of the wing fan 
center occurs at 100% J85 RPM, fan stream vectoring to 50°, and a 
flight speed of 100 knots, Figure 5.21.   Although the latter data were 
taken essentially out of ground effect (h/D > 3.0), they are considered 
applicable to ground runs (h/D = 1. 0) as well. 

1 
In close proximity to the ground (h/D from 1. 0 to 2. 0), powered fan 
model data revealed positive pressure coefficients along the fuselage 
bottom when operating in the fan mode.   Combined with these data, cool- 
ing system performance analysis shows pressure differences tending to 
promote external hot gas leakage into the fuselage.   A similar condition 
appears to exist at the wing root near the fan louvers which is relatively 
independent of ground proximity.   Thus, in these regions, leakage 
through unsealed skin joints or access panel closures can be expected. 

5.3.5.4  Landing Gear 

A need for detailed knowledge of the downwash phenomena, particularly 
the fan stream flow field, both out of ground effect and in the ground 
impingement region, was required for design of the XV-5A landing gear. 
Data was required defining the hot gas sheath location under various 
combinations of collective and differential vectoring and staggering.   The 
lattice array of thermocouples shown in Figures 5.22 and 5.23 (for ref- 
erence see also Figure 2.4) was installed on the full scale XV-5A Model 
in the NASA-Ames 40' x 80' wind tunnel for Runs 11, 18, and 21 of 
NASA-Ames Test 177.   Selected raw data from these runs are pre seated 
in Table 5-4 and plotted in Figures 5.24 through 5.28.    (Note:   The 
data of Table 5-4 were prepared from original data according to the pro- 
cedure of Reference 6, Note 2; except that the AT correction factor of 
Note 1 was not used; because by its use many results would have been 
substantially below tunnel ambient temperatures and unrealistic.) 

Figure 5.29 provides a convenient method for converting temperatures 
measured at any given ambient temperature and 86% J85 RPM to maxi- 
mum estimated temperatures at 100% J85 RPM and 100° F ambient tem- 
perature.   As an aid to interpreting the wind tunnel test results, esti- 
mates of the fan tip turbine exhaust gas location and temperature decay 
rates were made based on information from References 4 and 6-9.   Fig- 
ure 5.30 shows a comparison of estimated and measured tip turbine ex- 
haust gas temperature decay with distance from the louvers assuming the 
turbine blade width as the characteristic dimension.   By comparison it 
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appears the tip turbine exhaust gases cool more rapidly at first, and then 
more slowly than predicted.   A partial explanation may be initial inter- 
mixing as the two streams join to form a stream of larger effective 
characteristic dimension.   Figures 5. 31 and 5.32 show estimated outer 
boundaries of the main wing fan streams at vector settings from -12 to 
45° for aircraft heights of h/D = 1. 0 and h/D = 1.7, respectively, at the 
fan centerline (BL = 61) for static conditions on a calm day (no wind). 
These outer boundaries act as the interface between the "sheath" of hot 
turbine gases and the cold fan stream.   In forward flight or in the pres- 
ence of an equivalent head wind, these estimated boundaries may be ro- 
tated still further aft some incremental amount as suggested in Fig- 
ure 5.33. 

When more or less out of ground effect, the apparent turning angle 
(based on data of Tables 5-4 through 5-6) falls about midway between the 
louver angle and the resultant velocity angle (Table 5-7) obtained by vec- 
tor addition of the fan stream and wind or aircraft velocities.   In ground 
effect (h/D =1.0) the apparent turning angle is much greater as one 
would expect due to fan stream turning.   Data of Table 5-4 at h/D = 1.7 
also suggests a higher turning angle with increasing aircraft or tunnel 
velocities, as indicated by the low temperatures of the entire thermo- 
couple lattice array at 80 knots compared to 40 knots. 

The action suggested is that the fan and turbine streams act as large 
cylindrical fluid columns which offer considerable blockage to the free 
stream flow; and are, therefore, under certain conditions turned signif- 
icantly by the free stream flow.   At zero vectoring in strong ground ef- 
fect (h/D = 1. 0), any free stream air flow between the two wing fan 
streams is largely blocked by downwash phenomena previously discussed; 
however, as vectoring aft is increased, the resistance to such flow is 
decreased.   The flow around the fan streams, particularly out of ground 
effect, may account for some of the underwing temperature distributions 

rH to be discussed in the next section. 
■  o 

PQ 

" ^ Referring to the main landing gear and its diagonal supporting structure 
Z| (see Figure 2. 3), it is evident that some parts of it will be exposed to 
( m hot tip turbine gases in nearly all conditions of fan mode operation in or 

7" | out of ground effect.   The estimated maximum exposure temperature de- 
termined from Table 5-4 and Figure 5.29 is 735° F obtained by the sum- 
mation of 547° F from Run 18, Point 20 of Table 5-4 and AtM = 188 from 
Figure 5.29.   Based on the method of prediction in Figure 5. 30, the es- 

Itimated maximum temperature would be approximately 900° F.   The 
higher value of 900° F has been used as a basis for design of landing gear 
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protection systems.   Similar conditions are expected for the main wheel 
well and its doors at louver vector settings above 15° to 20° F. 

5.3.5.5  Wing and Flap Surface 

Much of the discussion in the previous sections has a direct or indirect 
bearing on the wings and flaps.   A general survey of wing and flap sur- 
face temperatures was madu during NASA-Ames Test 177 Run 16 (see 
Section 9.6.6) using Pyrodyne Template indicators.   The results showed 
considerable heating even with the aircraft at an h/D =2.2 and at tunnel 
speeds from 30 to 60 knots.   The environments of the lower wing surface 
at the rear spar, and the flap surfaces were investigated for several 
runs by the series of thermocouples presented in Figure 5.34.   As an 
aid to interpreting and assessing applicability of the test results, recall 
that during ground tie-down and wind tunnel tests almost any combination 
of vectoring, aircraft velocity, and power setting can be established. 
On the other hand, in fan mode flight the range of operating conditions is 
relatively restricted as indicated by the trimmed flight corridor of Fig- 
ure 5.35.   However even in this corridor, by a combination of power 
settings and angles of attack, a substantial range of vector angles is 
permitted at a given trimmed flight velocity.   During sustained fan mode 
flight and generally during fan mode accelerations to conventional mode 
transition, the aircraft controls must be within the typical corridor as 
indicated.   For the reverse operation (return to fan mode from conven- 
tional mode flight), trimmed flight conditions are not required, and un- 
trimmed flight conditions may be maintained, until actual VTOL landing 
procedures are initiated.   Of course, fan mode flight in the untrimmed 
condition is inherently transitory and of relatively short duration. 

There are a number of possible mechanisms which can take part in es- 
tablishing high temperature environments over the wing and flap 
surfaces: 

(1)        direct impingement due to lateral spillage from the louver tips 
(this should increase with increasing stagger), 

(2) direct impingement due to partial reverse vectoring of the tur- 
bine exhaust gases when they strike the exit louvers as suggested 
by sketches (A) and (B) of Figure 5.36 (a form of downwash 
phenomena), 

(3) flap action, particularly at high louver angle settings, 

' 

46 



: 

: 
(4) upwash from beneath the fuselage in ground effect at low louver 

angles. 

(5) shearing action and eddy formation due to relative wind veloci- 
ties (aircraft or tunnel velocities) normal to and around the 
cylindrical fan downwash, 

(6) attachment of turbine exhaust gases to the fuselage walls followed 
by subsequent detachment at high louver angles, 

(7) at high angles of attack there is some evidence of a stagnation 
region developing in the fan stream (somewhat analagous to that 
experienced when the fan stream strikes the ground plane) so that 
some of the turbine exhaust gases are split off the main stream to 
flow forward along the lower wing surface, around the leading 
edge, and across the upper wing surface to be drawn into the wing 
fan, 

(8) development of general recirculation patterns during static fan 
mode operation in ground effect.   This effect can be affected 
strongly by prevailing winds. 

The first seven items are applicable to the lower wing and flap surfaces, 
while items 3, 7, and 8 are applicable to the upper wing and flap sur- 
faces.   It is doubtful that any single mechanism accounts for the high 
temperatures observed.   More likely various and different combinations 
of these and/or other mechanisms become effective as the aircraft 
moves through its wide range of possible operating conditions of power 
setting, angle of attack, aircraft or tunnel velocity, altitude, pitch con- 
trol fan modulations, and wing fan louver vector and/or stagger angles 
including both collective and differential settings. 

|5 Upper Wing Surface Environment 
o 

• m 
S Experimental data from NASA-Ames Test 177 Run 16 (see Section 9.6.6) 

Zl shows upper surface temperatures to 250° F.   Adjustment to 100% power 
and hot day conditions indicates a maximum environmental temperature 
of 340° F. I 

J 
Upper Flap Surface Environment 

I 
1 
I 

Data of Run 16 also shows upper flap surface environmental temperatures 
at the hinge line to be at least 250° F, and adjusted as above, a maximum 

I 
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of 340° F.   Assuming hot gas flow through the flap gap, the flap at the 
wing root would be exposed to the environments of Figures 5.17 through 
5.21. 

Wing Leading Edge Environment 

Same as the upper wing surface environment. 

Lower Wing and Flap Surface Environment 

Data for this region are more complete.   Selected data from NASA- 
Ames Test 177 (see Table 5.8 and Section 9.6. 5), are presented in 
Figures 5. 37 through 5.82 which show the effects of aircraft height h/D, 
fan vector angle setting /3V, aircraft velocity Vp, thrust reverser posi- 
tion R, and aircraft angle of attack a on the lower wing and flap surface 
environmental temperatures.   Figure 5. 57 presents a time-temperature 
profile of the lower surface environment during tie-down ramp tests at 
power settings of 95% J85 RPM (See Run 56, section 9.6. 6).   Examina- 
tion of Figure 5. 57 suggests that 1.5 to 2.0 minutes are required to es- 
tablish stable surface environmental temperatures after diverting from 
conventional to fan mode.   In comparison with Figures 5.43 through 
5.54, the data of Figure 5.57 indicates reduced environmental tempera- 
tures at the higher power settings, although the marked reductions may 
be due in part to relative velocity effects.   Figures 5.61 through 5.72 
show various cross-plots of data.   Superimposed on these plots are esti- 
mated operating lines for 86% and 100% power operation, based on the 
trimmed flight conditions (/3V vs Vp) of Figure 5.36.   The operating lines 
were used to develop the environmental isotherms of Figures 5. 83 
through 5.88 which are representative estimates for fan mode operation 
out of ground effect. 

For tie-down tests and for lift-off conditions, the data of Figure 5. 57 
apply directly.   For static hovering out of ground effect, it is estimated 
the lower wing and flap surface environment will approximate 200° F 
based on Figures 5. 57, 5. 59 and 5.60.   Figures 5. 59 and 5. 60 show a 
general decrease of environmental temperature with increasing aircraft 
height (h/D) as one might expect.   The dashed operating line data of Fig- 
ures 5.61 through 5.72 were cross-plotted in Figures 5.73 through 5.82 
to yield approximate distributions and trends.   A linear interpretation 
was applied to the data at a given station, (e.g. Figures 5.73, 5.74 and 
5.75).   The station distribution at a given butt line is open to interpreta- 
tion and depends upon the action assumed to be taking place at the flap. 
Two opposing assumptions can be made:   (1) hot gases are passing up- 
ward through the flap gap, or (2) relatively cool gases are being drawn 
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downward through the gap.   If the former assumption is made, the data 
points can be connected as shown by the Vp = 40 knot line of Figure 5.76. 
If the latter assumption is made, a low temperature trough exists be- 
tween Stations 302 and 307 which represent the approximate flat slot 
width.   In this case the data is interpreted as shown by Figure 5.76. 
Similar treatment is shown in Figures 5.77, 5. 81 and 5.82.   In Figures 
5. 81 and 5. 82, gases are assumed to be passing upward through the gap 
at Vp = 100 knots and being drawn downward through the gap for aircraft 
speeds Vp = 80 or below.   Which of these two flap actions occurs   can be 
determined only by test.   The assumption of an upward flow is more con- 
servative and leads to underwing isotherms similar to those of Figures 
5.86 and 5. 87.   The assumption of a downward flow leads to underwing 
isotherms similar to those of Figures 5.83 through 5.85.   As mentioned 
previously, the upward flow (natural flap action) concept was adopted and 
used to determine insulation requirements.   Its use required insulation 
of the fuselage at the wing root (see Figure 6.4) and the aft fairing (see 
Figure 6.5).   Also, it required replacement of the aluminum flap with 
titanium inboard of BL 61. 
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TABLE 5-1 

Definition of Termb 

- • 

Term Definition 

Vector 

Collective 
Vector 

Differential 
Vector 

Deflection of fan stream by means of exit louvers 

Both wing fan streams are vectored through the 
same angle 

The separate fan streams are vectored in opposite 
directions from the collective vector position. 
(Note:  differential vectoring is superimposed on the 
collective vector position.   Generally individual fan 
streams are vectored through the same angle except 
where limited by stops.) 

Stagger Odd numbered and even numbered louvers are 
moved toward the other to "pinch" the flow as a 
form of area control to vary the fan lift. 

Collective Both wing fan streams are "pinched" the same 
Stagger amount. 

Differential The separate fan streams are differentially "pinched" 
Stagger from the collective stagger position. 

Thrust This term is reserved for control of nose fan lift. 
Reverse Curvellnear thrust reverser doors are designed to 

intercept equal segments of the nose fan stream and 
to deflect them outward.   The amount of thrust re- 
versal depends upon the degree of fan stream inter- 
ception.   Full, or maximum, thrust reversal oc- 
curs with complete interception of the nose fan 
stream. 

Thrust 
Spoiler 

This term is reserved for the turbojet mode exhaust 
gases.   The exhaust gases are deflected symmet- 
rically outward by turning vanes which are inserted 
into the turbojet exhaust. 
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TABLE 5-1 (Continued) 

Term Definition 

Downwash A general term relating to any action or result that 
Phenomena can be traced back to flow fields developed around 

the aircraft when operating in the fan mode. 

Downwash Refers to the fan stream flow path from the time it 
leaves the fan.   In ground effect it includes impinge- 
ment on the ground, fan stream turning, and the 
radial outflow along the ground from the effective 
impingement center. 

Interaction That region between fan streams where opposing 
Zone ground running streams encounter each other.   It 

is assumed no net flow crosses this region. 

Ground Plane Refers to a relatively thin layer within one to one 
and one-half feet of the ground surface. 

Upwash 

Ground Flow 

Generally vertically upward flow. 

Flow parallel to and along the ground plane. 

TABLE 5-2 

Aircraft Operating Conditions'" Used For Estimating XV-5A Downwash 
Interaction Zone Locations 

ll 
I 

o 

to 

< 

a. 

it 

I 

Control Positions 
Estimated 
Stagnation 

Pitch Collective 
Differential Lift Point 

Figure Control Lift Left Fan   Right Fan BL     STA. 

5.7 Neutral Neutral None 0      112 
5.8 Full Up Neutral None 0       136 
5.9 Full Up Full Down None 0       140 
5.10 Full Up Full Up None 0       134 
5.11 Full Up Neutral +5% -5% 6       136 
5.12 Full Up Neutral +12. 5%         -12.5% 15       135 

*ARDC Standard Day, Sea Level 100% J8S RPM 
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TABLE 5-3 

Correlation of Measured Temperature Data " F 
Reference Data:  NASA-Ames Run 61 Test 177 

J85 NFL     V1 S.l 
Thermocouples 

Rdg. RPM RPM (Meas.) (Fig. 5-4)   6    16   17    18   19   20   21    AMB 

1 78 1430 968 850 

2 85 1700 968 950 

3 94 2320 1112 1140 

4 94 2350 1112 1140 

228 246 214 294 56 108 216 46 

248 268 224 328 62 120 236 46 

262 296 250 358 60 130 258 46 

248 266 218 374 100 142 258 46 
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TABLE 5-4 

Selected Data for Landing Gear Environ 

Run     Point 
VP 

Knots 
to 
"F 

NP 
RPM 

NFL 
RPM 

NFR 
RPM h/D 

6F 
Degrees 

R 
Degrees 

/*v 
Degrees 1 2 

11         14 40 80 0 1700 1720 1.7 45 - -12 386 3£ 

13 40 78 0 1750 1750 1.7 45 - 0 262 38 

12 40 77 0 1700 1700 1.7 45 - 15 332 26 

11 40 76 0 1710 1710 1.7 45 - 30 210 21 
2 40 66 0 1710 1700 1.7 45 - 35 66 U 
9 40 74 0 1720 1690 1.7 45 - 40 90 i 

10 40 75 0 1720 1740 1.7 45 - 50 76 1 

16 80 82 0 1720 1700 1.7 45 — 35 80 i 
23 0 1720 1700 1.7 45 - 40 80 j 
24 0 1750 1730 1.7 15 - 50 82 ( 

18          25 20 85 2350 1680 1730 1.0 45 0 20 130 4] 

2 30 63 2400 1700 1710 1.0 45 0 20 103 SI 
9 40 76 2400 1700 1690 1.0 45 0 20 132 4: 

17 60 82 2400 1700 1680 1.0 45 0 20 132 i; 

1 30 61 2400 1710 1690 1.0 45      ■ 0 0 98 41 

9 40 76 2400 1700 1690 1.0 45 0 20 132 4; 
10 40 78 2400 1700 1710 1.0 45 30 20 135 3' 
11 40 78 2375 1710 1700 1.0 45 45 20 133 3! 
13 40 79 2400 1690 1670 1.0 45 60 20 140 4; 
12 40 79 2400 1700 1680 1.0 45 70 20 162 4: 

17 60 82 2400 1700 1680 1.0 45 0 20 132 4: 
18 60 83 2400 1700 1670 1.0 45 30 20 138 4' 
19 60 84 2400 1710 1680 1.0 45 45 20 150 4 
21 60 84 2400 1700 1690 1.0 45 60 20 178 4 
20 60 84 2400 1700 1700 1.0 45 70 20 166 4 

21            1 30 76 2400 1700 1690 2.2 45 60 15 328 3 
10 40 87 2400 1690 1680 2.2 45 60 22 138 1 
17 60 91 0 1700 1700 2.2 45 60 0 88 

*See Figure 5.22 for thermocouple locations and identification. 
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TABLE 5-4 

janding Gear Environmental Temperature Study 

Gas Temperature Thermocouples " F* 

Degrees 1 2 3 4 5 6 7 8 9 10 11 12 13 
(EGT)L 

oF 

(EGT)R 
0F 

-12 386 394 294 302 352 272 134 282 242 142 242 230 m 1076 1094 
0 262 384 358 178 258 '634 118 110 252 100 102 198 - 968 1040 

15 332 282 338 244 222 176 158 92 92 104 96 92 - 968 1004 
30 210 272 330 140 178 228 258 170 86 140 188 184 - 968 1004 
35 66 150 244 84 84 92 196 260 132 76 74 112 - 968 968 
40 90 80 140 82 80 76 186 78 190 74 74 74 - 968 1004 
50 76 74 80 74 72 72 178 74 80 72 72 72 - 968 1004 

35 80 80 82 80 80 80 80 80 80 80 80 8 - 1040 1040 
40 80 80 80 80 80 80 80 80 80 80 80 80 - 932 1004 
50 82 81 81 102 81 81 81 81 81 81 108 81 - 932 1004 

20 130 412 542 221 150 210 118 100 376 141 126 113 140 950 932 
20 103 376 474 200 141 200 90 89 330 96 90 84 98 932 932 
20 132 418 500 173 160 232 122 100 364 92 90 91 92 932 932 
20 132 436 540 343 174 306 185 102 3'J4 100 100 100 104 932 932 
0 98 400 302 90 208 394 91 105 184 94 85 168 91 932 932 

20 132 418 500 173 160 232 122 100 364 92 90 91 92 932 932 
20 135 373 517 275 170 218 140 100 353 96 97 96 94 932 932 
20 133 388 526 222 164 230 120 102 340 107 105 99 106 932 932 
20 140 433 518 198 186 245 112 112 352 112 108 106 114 932 932 
20 162 428 542 247 213 262 108 113 358 107 106 105 107 932 932 

20 132 436 540 343 174 306 185 102 344 100 100 100 104 932 932 
20 138 440 533 293 158 302 124 106 340 114 104 106 114 932 932 
20 150 456 552 217 198 270 124 118 357 130 116 115 134 932 932 
20 178 484 538 341 240 293 120 119 352 116 112 113 126 932 932 
20 166 464 547 333 212 289 110 114 352 110 106 106 122 932 932 

15 328 354 310 _ — _ _ _ _ _ _ m _ 932 932 
22 138 152 234 - - - - - - - - - - 932 932 
0 88 88 88 - - - - - - - - - - 932 932 
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11 
TABLE 5-5 

Angle from Fan Turbine Exhaust Outlet to Thermocouples of Main 
Landing Gear Lattice 

Plane Through BL = 31 

I 

FORWARD TURBINE 

h/D     TCI        2        3        4        5 6 

1.0       55       64     70     38     48 56 

1.7        27       36     43     21     29 36 

2.2        19       26     33      16     22 28 

AFT TURBINE 

5 1 2 3 4 6 

5 29 51 -4 17 34 

2 11 23 -2 8 18 

1 7 16 -1 6 13 

Plane Through BL = 51 

FORWARD TURBINE 

h/D  TC7   8   9  10  11 12 

1.0   65  70  74  48  55 59 

1.7   35  43  49  29  36 42 

2.2   25  32  38  22  28 33 

AFT TURBINE 

11 7 8 9 10 12 

38 -8 27 -23 -4 15 

15 -2 10 -12 -1 7 

11 -2 6 -9 -1 5 

o 
PQ 
SO 

I 
I 

> 

f 
I 
i 
I 

: 
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TABLE 5-7 

Resultant Vector Angle Vs Aircraft Velocity* and Louver Angle (ßv) 

20 30 40 60 80       100 Knots 

-5.3 -.3 4.7 14.4 23.3 31.2 

-.3 4.6 9.5 18.7 27.0 34.3 

9.6 14.2 18.7 26.9 34.0 40.2 

19.2 23.4 27.5 34.6 40.8 45.9 

28.5 32.4 35.9 42.1 47.3 51.6 

37.6 41.0 44.1 49.3 53.6 57.2 

46.7 49.5 52.0 56.3 59.9 62.7 

51.1 53.6 55.9 59.8 62.9 65.5 

♦Assumed Fan Stream Speed =  200 ft/sec at an angle of ßv 

ßv Vp=0 10 

-15 -15 -10.2 

-10 -10 -5.2 

0 0 4.8 

10 10 14.7 

20 20 24.4 

30 30 34.0 

40 40 43.5 

45 45 48.2 
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TABLE 5-8 

Under Wing and Flap Environment:  Temperature Data Sources 
(See Ames Test Data Section 9.6.) 

: 

: 

Figure 
No. Run    Vp   h/D    a     ßv    Np        NF     tAMB    ÖF    R    Time 

5. 37 11 30 1. 7 0 ~ 0 1700 60 
5. 38 40 0 ~ 

5. 39 40 ~ 35 
5. 40 60 0 - 

5. 41 80 0 *S/ 

5. 42 80 "W 35 

5. 43 18 30 1. 0 0 20 2400 1700 60 
5. 44 40 
5. 45 60 
5. 46 "w» 0 
5. 47 30 m 

5. 48 40 ^ 

5. 49 60 ** 

5.50 41      30    1.0    0      ~     2400     1700     60 
5.51 60 

45    - 

45    ~ 

0 
60 
60 

45    60 

5.52 19 30 ** 20 1800 1400 60 45 45 
5.53 40 »* 32 1600 1200 60 
5.54 50 *s* 45 

5.55     16      30   2.2     0 
5.56 

5.57 
5.58 

56 

5.59 ~ 
5.60 ~ 

0    2400     1700     60 
0 

0    1.0    0      ±5   4000     2400 

30      ~ 0 
20 

45 
45 

Iso- 
therms 

.. 

;: 
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Figure 5.1       Aft Fuselage Temperatures During Thrust Spoiler Operation 
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Figure 5. 2       Estimated Isotherms During Thrust Spoiler Operation 

Figure 5.3       Generalized Correlation of Downwash Ground Flow vs Distance 
and Height 
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Figure 5.4      Typical Interaction Zones Between Two Fan Downwash Streams 
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Figure 5.5(a)   Typical Interaction Zones Between Three Fan Downwash Streams 
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Figure 5.5(b)  Typical Interaction Zones Between Three Fan Downwash Streams 
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Figure 5.7       Estimated XV-5A Interaction Zones- Aircraft Controls at Neutral 
Collective and Neutral Pitch Up Positions 

I 65 



s 

/ 

m)-r-\ STA. 59 

STA. 256 

Figure 5. 8 Estimated XV-5A Interaction Zones- Aircraft Controls at Neutral 
Collective and Full Pitch Up Positions 
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Figure 5.9       Estimated XV-5A Interaction- Zones - Aircraft Controls at Full Down 
Collective and Full Pitch Up Positions 
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Figure 5.10     Estimated XV-5A Interaction Zones- Aircraft Controls at Pull Up 
Collective and Full Pitch Up Positions 
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Figure 5.11     Estimated XV-5A Interaction Zones- Aircraft Controls at Neutral 
Collective, t 5% Differential Stagger, and Full Pitch Up Positions 
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Figure 5.12     Estimated XV-5A Interaction Zones- Aircraft Controls at Neutral 
Collective, t 12.5% Differential Stagger, and Full Pitch Up Positions 
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Figure 5.13     Dynamic Pressure Contours, qg = 26 lb/ft - Aircraft Controls at 
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I 71 



. 

■ 

CrKDUND   WNL 

1) AWLP  opw**>H 

V_/ CKiH'Ait)    reut*/ 

KWH.   ÖHOüvb 
Flow 

VoiuHr ofwtiiH 

^^ PfttoLLCL   FLO*/ 

.) 

. 

■ 

Figure 5.14     Estimated Classification of Types of Flow Occurring at XV-5A 
Interaction Zones 
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Figure 5.15     Verification of Generalized Temperature Correlation 
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Figur».' 5. 16     Gas Generator and Fan Tip Turbine EGT vs % J85 RPM for XV-5A 
Aircraft:   Hot Day, 2500 Feet 
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Figure 5.17     Estimated Mld-Pu8elage G.s Isotherms at 86% J86 HPM   B  .0° 
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Figure 5.23     Top View-Main Landing Gear Instrumentation 
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Figure 5. 24(a)      Effect of Fan Stream Vector on Landing Gear Environmental 
Temperature - TC's 1, 2, and 3 
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Figure 5.24(b)      Effect of Fan Stream Vector on Landing Gear Environmental 

Temperature - TC's 4, 5, and 6 
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Figure 5. 24(c)      Elfect of Fan Stream Vector on Landing Gear Environmental 
Temperature - TC's 7, 8, and 9 
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Temperature - TC's 10, 11, and 12 
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Figure 5.25     Effect of Aircraft Height on Landing Gear Environmental Tempera- 
tures - TC's 1, 2, and 3 • 
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Figure 5. 26     Effect of Aircraft Velocity on Landing Gear Environmental 
Temperatures 
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Figure 5. 27     Effect of Pitch Control Thrust Reverser Door Position on Landing 

Gear Environmental Temperatures 
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Figure 5. 28     Gas Temperatures in Vicinity of Landing Gear vs Time and Aircraft 
Control Inputs 
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Figure 5. 29     Correction Factor to Obtain Estimated Maximum Landing Gear 

Environmental Temperatures 
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Figure 5.33     Apparent Resultant Downwash Vector vs Louver Angli 
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Figure 5.67     Lower Wing Environment vs Louver Angle and Aircraft Velocity: 
BL 32, Sta. 296, h/D - 2. 2. 86% RPM 
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Figure 5.68     Lower Wing Environment vs Louver Angle and Aircraft Velocity: 
BL 46, Sta. 296, h/D - 2. 2. 86% J85 RPM 
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Figure 5.77     Chordwiee Distribution of Estimated Trimmed Flight Lower Wing 
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Figure 6.79     Spanwise Distribution of Estimated Trimmed Flight Lower Flap 
Environment vs Aircraft Velocity:  Sta. 310, 100% J85 RPM, 
h/D = 2.2 
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Figure 5.80     Spanwise Distribution of Estimated Trimmed Flight Lower Flap 
Environment vs Aircraft Velocity:  Sta. 319, 100%J85RPM, 
h/D = 2.2 
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Figure 5.81     Spanwise Distribution of Estimated Trimmed Flight Lower 
Wing and Flap Environment vs Aircraft Velocity; BL 32, 
lOO'X RPM, h/D«2.2 
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Figure 5.84     Estimated Lower Wing and Flap Environment Isotherms:  Vp = 80 Knots, 
ßv = 37°, h/D ■ 1.7, Sucking Flaps 
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6. 0 STRUCTURAL PROTECTION SYSTEMS 

6.1  BACKGROUND 

In general, the forward and aft fuselage sections and the wings of the 
XV-5A aircraft are of conventional construction consisting of aluminum 
ribs, longerons and frames covered and in direct contact with lightweight 
metal skins including magnesium, magensium-thorium, aluminum, and 
titanium alloys, as shown in Figure 2.3.   The forward and aft fuselage 
sections are tied together structurally by a tubular maraging steel 
spaceframe.  As discussed in Section 5. S. 5, a number of localized 
regions of the aircraft surfaces are exposed to relatively severe thermal 
environments, induced during fan mode and thrust spoiler operation.   As 
suggested in Section 4.1, the seriousness of heating problems arising 
from such exposures depends upon the nature of aircraft operation, 
duration of exposure, temperature level of the induced environment and 
physical properties of the materials involved. 

Effective use of the NASA-Ames 40' x 80' wind tunnel requires an aircraft 
operational capability of at least thirty minutes.   Estimated flight test 
duration requirements of approximate twenty minutes in the fan mode 
are shown in Table 4-2.   It is expected pilot training and familiarization 
will involve aircraft operation approaching the conditions of Table 4-2. 
No time requirements were established for the installed systems func- 
tional testing (ground tiedown tests) because of the inherently greater 
flexibility and control of test procedures.   "Normal operation" is taken 
to mean aircraft operation during a typical mission after the pilot is 
thoroughly familiar with aircraft capabilities and handling qualities, 

t- 

o Material properties require consideration from two viewpoints; (1) 
^ strength level vs temperature, and (2) permanent loss of strength due to 

2 ■ accumulated soak time.   While skin materials selected for the aircraft 
rf " frequently could withstand the severe thermal environments for the 
v I required duration of exposure, the aluminum supporting ribs, frames, 
_, I and longerons could not withstand the heating without undue loss of 

strength unless they were protected by some form of insulation or were 
replaced with higher temperature-strength materials.   Overall con- 
siderations favored protection by insulation. 
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Aircraft construction precluded internal insulation of the aluminum ribs, 
frames and longerons without major changes; therefore, external insula- 
tion systems were investigated.   Aerodynamic requirements dictated an 
insulation system with minimum thickness and maximum thermal per- 
formance - inherent characteristics of Johns -Manville Min K type 
insulation. 

Protection of the Min K insulation against intense scrubbing action of hot 
gases was accomplished using epoxy-impregnated fiber glass, elastomeric 
coatings such as the 3M Company EC1935, or by metal cover.   The 
feasibility of these protection systems has been demonstrated by data in 
References 10 and 11 for application to aircraft designed for Mach 3.0 
to 4.4 capabilities.   Installation and production techniques favored 
general use of fiber glass covers with the edges retained by metal edging. 
For the small region at the upper-aft, pitch-fan, thrust-reverser door 
closure, the insulation was enclosed in stainless steel foil. 

Thickness requirements were estimated by the procedures of Section 
9.5 accounting for the estimated thermal environments of Section 5.0, 
and the exposure times of Table 4-2.   Performance of the selected 
insulation system was checked for several representative aircraft 
missions made up of segments from Table 4-2.   Cool-down time must be 
considered in establishing flight conditions if advantage has been taken 
of the higher allowable temperature limits of Table 4-1 before applying 
full design loads.   The following sections consider local structural 
protection systems in greater detail. 

6.2       UPPER CLOSURE LONGERON. NOSE FAN THRUST 
REVERSER DOOR 

During full nose control fan reverse thrust conditions (full pitch down) 
experimental data indicated the longeron forming the upper closure of 
the nose fan thrust reverser door will be exposed to 700° F gases.   This 
condition, while transitory during fan mode flight, may persist for 
relatively long periods during ground and wind tunnel testing.   Pre- 
liminary evaluations led to selection of 0.5" thick foil-enclosed, Johns- 
Manville Min K insulation installed as shown in Figure 6.1.   Steady 
state calculations, without allowance for contact resistance between the 
foil and longeron, shows the maximum longeron temperature to be 244° F 
compared to the 250° F allowable limit at design load conditions (see 
Section 9.5.1).   Sealing of the insulation assembly to the airframe 
structure was recommended to prevent hot gas blow-by. 
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6.3 AFT FUSELAGE, THRUST SPOILER REGION 

During thrust spoiler use, prior to conversion from turbojet to fan mode, 
spillage and deflection of the turbojet exhaust gases are expected to 
produce the estimated environment of Figure 5.2 (see Section 5.2).   The 
maximum duration of operation expected in this condition is from 1.5 to 
2.0 minutes - with Table 4-2 calling out the latter.   The critical member 
is the aluminum longeron at approximately WL 110.   The estimated gas 
temperature along the longeron is 550° F from Figure 5.2.   Based on 
the calculation method of Section 9. 5.2, a series of time-temperature 
profiles were prepared for the 0.025" titanium skin protected by 1/8" 
thick Johns-Manville Min K 518 insulation which was exposed to high 
velocity gases at temperatures from 600° F to 1200° F for a period of 2 
minutes.   Maximum temperatures so calculated are presented in Figure 
6.2.   Slight extrapolation shows a maximum titanium temperature of 
280° F compared to the design limit of 250° F.   Consideritg contact 
resistance between the skin and longeron, the high thermal conductivity 
of the longeron, the silicone fiber glass insulation cover, and the plus 
tolerance on operational time and insulation thickness, a nominal 1/8" 
Min K insulation system is judged satisfactory.   To prevent excessive 
heat input by conduction to the longeron from the titanium skin and 
frames, the insulation is extended approximately 3 inches below the 
longeron.   The area protected by the insulation pad, (see Figure 6.3) 
generally followed an estimated 250° F isotherm; however, it was not 
extended beyond Sta. 463 in the belief that cold gas inflow would shorten 
the 250° F isotherm at the higher aircraft velocities during thrust spoiler 
operation. 

6.4 UNDERW1NG INSULATION. LOWER FUSELAGE AND 
WING SURFACES 

In fan mode operation, the underwing thermal environment is expected to 
be quite severe and of rather long duration (see Sections 5.3.5.3 and 

* 5.3.5.5 and Table 4-2).   Two general areas are considered; the fuselage 
^ at the wing root, and the inboard lower wing surfaces.   The aluminum 

^ I wing spars are of primary concern for the wing insulation; and the 
.4 ■ aluminum longerons at the wing root are of primary concern for the 
^ I fuselage insulation. 

As stated in Section 5.3.5.5, the conservative assumption of hot gas flow 
upward through the flap gap and the environmental isotherms of Figures 
5.21 and 5.87 were used to establish underwing insulation requirements. 

^ The Figure 5.21 environment established the fuselage insulation system 

o 

I 
1 

■ 
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of Figure 6.4 and the aft fairing insulation system for Figure 6.5.   The 
Figure 5.87 environment established the aft lower inboard panel and spar 
cap insulation system of Figure 6.5.   Data from NASA-Ames Test 177 
Run 56 at ßv-(f; visual observation of scorched paint on the wing leading 
edge, and the possibility of forward hot gas flow at high angles of attack, 
led to the insulation of the lower forward inboard wing panels, spar cap 
and a portion of the lower wing leading edge. 

In order to establish the required insulation for these areas, a series of 
temperature-time profiles for both aluminum and titanium skins pro- 
tected by varying thicknesses of insulation and exposed to gas tempera- 
tures for 400 to 1000° F were prepared using the method of Section 
9.5.2.    These data and cross plots are presented in Figures 9.119 
through 9.128.   Based on these estimates, insulation system require- 
ments were determined as shown in Figures 6.4 through 6.6.   The 
insulation system thermal performance was evaluated for representative 
missions of Table 6-1 based on Table 4-2 segments with the results 
shown in Figures 6.7 through 6.10.   These are based on insulation 
thickness only, with no allowance taken for the fiberglass cover, contact 
resistance between aluminum ribs, frames or longerons and the skin, 
over tolerance on insulation thickness, etc.   Advantage is taken of the 
Table 4-1 upper temperature limit of 325° F for aluminum because during 
fan mode operations requiring extended duration, material properties 
are adequate for the low actual loads involved.   For missions where 
maximum conventional flight loads are to be imposed following fan mode 
flight, the fan mode portion must be limited at the time to reach 250° F 
because the insulation prevents rapid cooling.   As shown by the data of 
Figures 6.7 through 6.10, the operational criteria of Table 4-2 are met 
except possibly for Mission 4 in which case wing ribs might overheat. 
However, to fly 20 mir ites at 100% X353-5B RPM, approximately 1500 
lbs. of fuel are required in addition to ground checkout and fuel reserves. 
While such a mission is feasible, it is more likely such a mission would 
consist of incremental velocities as represented by the case of Figure 
6.9.   For this condition heating problems would be less severe and the 
insulation performance would be more than satisfactory. 
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Figure 6.1       Insulation of Part No. 143F003 - Nose Fan Thrust Reverser Door; 
Upper Closure Longeron 

140 



  

o 
PQ 

> 

m 

I 

J Figure 6.2       Estimated Maximum Aft Fuselage Temperature vs Environmental 
Temperature 

1 141 



_  -' ■' wmimmmmmmmmm 

•W/a> 

sa ±ä MIÜU-A 

Figure 6.3       Fuselage Insulation System of Aft Fuselage 

/      nrtu/s t€*/nvm 

.-J 

w     AM«/-«    r,»/ i, 

III .    .' itwft 

'."til     If 
S'//1 /A       Mbf fi iif.af 

*ua .vi/rn'x 

u« 

•/»r.r  ^ (i' 
5l/t 

in c 

I« < 
\««ip m 

Figure 6.4       Fuselage Insulation System at Wing Root 

M2 



  

cup--* 

o 
« 

I 
I 

W/PH Ä f».6^ 

C"/t(.£A- tecs»5 

5£C ^-/S 

i'ftueL 

^6 «flt-r/.   wmi-r 

ptßek 

Cu? SEC Z)-'? 

S£<: g-E> 

Figure 6.5       Forward Underwing Surface Insulation System 

I 143 

- 



jlh ,';i 

'iTM ZVI  '6 

I i/'.ll i r" 
ClUlttUt. 

SUDNS- /*Hüyuir 

t~ 
/I 

■ ■■-    . m .*i jti-i^ir  . "   ., 

\ x - JCHU mw, 

a) 
^ 

iftwn 
VIII f 

nur 
(to- 

SEC Ö 5 

Figure 6.6       Aft Underwing Surface Insulation System 

;1 

144 



 ~— 

. 
I- 
1—( 

m 
. t 

to 

^1 

I 

•a 

a 
CO 

o 

► 
o 
K 

t 
c 

0) 
ü 

E 
E 

u 

c 
o 
i 
S   'S 
c .w» 

be U< 

> t 
C g 
(1)   £ 

C    O 

CO 

1 145 



r cJ 
iili 
Uli 
iij 
i )'■■■ 

l'i; 

i 
.; ■.. 

Uli 
;; / 

iiii ;ii. Hfi i:i; i:i; 
üii 

;;,. ; 
;• ;;!: 1 iiii 

1 ! ; 

iiii vi 
:?i;ii 
iyi III i^j i" 

iii ttt 1 
lil 

•iii 
Uli 
iiii iii 

i/i 

iii; 
iiii In 

4{j ...: 
1; 

Trfi rifi 
'LL 

"i; II 

';;, 1' 
1; I'ii 

'il; iiii 
ftti 
Iiii 

llj; 

iiii iii1 
Iiii 

hl 
iiii 
11 

ntfrrrT 
mm üü iit 

1 
Uli 11 l'i' nj 

^ 
.i;;i P iii. ::;: Iiii. 

■:- 
iiii Hi! •Hi 

:i, 
iiii iUi iiii li ii iiii i iiii 11 ii 

■^ ,■. 

1! 1 :' 
— 

\ 
kl ■ ■ 

«iiii 
!.; ■ 

\ 

L — 

— 
-■ ~; ■ri- -~ —" rrr 

.... 
V \ : :••■ K 

::; 
:.. .. 

li:i 
'J ) : 

M- "1! .;:, 

\ ,   , 

.i*-> >'. iiii »li* 

; ; 
— 

NJ i' 

i 
ll 
rrri iiii 
;!<v;:;: 

:;| 

..;. :'r: 

I: iji: 

\ 

•:H tv: i... 

iii_ ; i:; |lf 
:,: 

Iiii 

Ml iü- V 
III! 

lil: iiii ;i ii 'i-i iiii 
'lü i'ii 

;ii. 

| 
i!!i rl 

i ,'; 

iiii ;;;; ;:.. 
■in IM' 

iiiiii 
iiii üii i! ; 

iiii l ;t;i li ■ 

:i;: iiii üii ::;; 'ü' ii'i ii ii iii! 
,; ijlj ■; i i nj] 

iiii 

■iii iiii 

||i: li' 
H|i 

1;;; |||i 
H*! Hi' i:ii 

■ ll 1 jijf 
iii; ;!l! lj 

ii ;!!■ 
;; i llli I'll 

1! iiifiil 

ii 
iliiiiii 

^1 

'ill 
Mi 
i   i 

I'M 

l{|i 

iiii 
.it; ; ..i 

l'i; 
;i.ii 

:|l; 

j. 

,.,.-„ 

ii': I;IJ 

;i.; 

"'1 

^s v 
iiii 

i!';: 

Üü 

iiii 
.in 

jjli 
üii 

iji! 

!ii'   1! i; lüi 
li Uli 

i: IIH 

i 1111 

iiii 
Mi 

Ü'i 
t; ■* 

iiii 

iiii 

. r; 

llil 

Hii 
i'ii 
iiii 

M 
[711 
1 1 

ijjl 

iiii 

Üii 
üi; 

iiii 5 

iiii. 

■;■ 

•;•; 
1' 

..:; iii- 

Mi 
■:S! 
Lü; 
ijij 

) 
■■■.: iiii 1 »i-i 

;' i; 

i;.i 

iiii ■li* Ü'i 1 
Iji! 

| v 

iiii 

lljj 

1 
iiii 
iii! 

iiii 

Ü'i 
; i'; 

iii; 

1 
üii 

iiij i; 
;  lill 
[i Ijn iiii M* 

Ijli 

i; 11 

ii" 
ini 
iiii 
HU 
Iiii 

1 
+ 
1 

km 
lir 
Ml ) i il 

;:;; rrp'-H 

nil 

:♦ Ttrr 

lj Hi 
itli IM 

; i;; 

1 
TFI 
iiii 

11!; 

Hi 
i! 1 

:!:: :iri 
;i; 

iiii •iii iiii .;.. jjji ii': 

ii li'i 
!i 'üI 

im 
iiji 

iiii 

iw 
iill 
iiii 
iii1 

ill; 
Uli 

■HT+ 
Uli 

fit- 
iill 

HU 

i;i! j 
iiii 

:';; iii 
ill 

;;i; 

i|ii 'iii 

»•»• i iiii 
ll:l 
III 

iii; 

iii' 
Uli 

111] 

Iiii 

::;' 
■rrr 
Uli 

i'ii 

:^l|!i 
i;u Iiii 
iii! Uli [llj 

i;;; 

ifrt 
rii 
'IM 

ti-ii 

ll i 

,-■ 

iiji 

: ■ 1 

ijli iii 
Ji'i 

iiii 

iiii 

1: : 
Im 

I 
1 

IP 
iiii 

jjjj 
lj ] | j 

im iiii 
ijH 

rin 
IM 

Ijji 
i iiii 

In 

Uli jijl 
ini 

iii! 

ii.i. 

i;;; 
üii ijil 

i v* iiii 
;, i ■ 

;i. 
[Ill 
iiii 
jiii 

■ !;i .... 
ii;i 
iiii 

III! ;;;. 
1; 
Jltt 

;';i; 

|}H 

IM 

ritt 

Uli 

jlllf 
iiiii! 

$ ii 
;iii :i 

m 
jiiü 

lllil 
i ii 1 

Ül! 
IM 

1 
Iiii 

!■!; 

fi 
iti; 

ijii 
ilr 
rrn 

iili 

iiii 

jjjj 
It;,' 

ii;: 

Iiii 
Hti iiH 

ill 
M 

in 

L' j 11 
iiii 
: l!' 

;;.; 
•jii iiii 

iiii 

III jljl iiji 
: l' . 

^ 

lil 

iiii 

ji i 

i i iiii Ijh 

iii. ill 
; 

:: i 
i;;; 

i'ii 
ii'f 

ijli 

i':; 

tjÜ 
ill; 

rffi 

ll | 'll [üi 

iiii 

iiii 

iiii 

! ii 

ii i 
HTT 1 iiii Iiii 

jii lift ll 
ÜGiri* 

HTI 
; ji 

ill; im 
'r'i 

i i 
III 

VT' 

iii; 

IT 
Üii i 

ftri 
i|i 

m 
;i|i 

I iii' 
lilj 

| i 111 

% Si i Ijjl |l: 
iiii m ii ftfl iiii 

j il 
i i 

l!i 
m 
Hü 

iiii 
llit 
üii 1 

iiji 
Hi 
1 

MI 

rtr 
1 

■■■■; iiii 
iii: i ill 

iiii 1 iii 
:t^ 

iiii 
iiii 
1 li iiii 

iiii 
ilij 
Uli M 

.iii 
il 1 Iiii 

iiii 
1 
üii 

14 
1 % 

iiii i 1 ! 

It 11  Uli 
1 TTT 

Iii •1 ilil li 
!§ iii! , 

1 i 1.1  

10 

I 
o 
00 

I 

ß 
cö 

O 

<u 
o 
g i 
I 
pH 

c 
o 

bo 
c 

I 
00 

0» 

146 



■P""*" 

■ s 

> 
a: 

. 

i 
i 

,  ) 

I 
o o 

I 

'S 

h .5 
(U 
ü 

g 

§ 

I 
bo 

4) 

o> 

0) 

. 

147 

■ 



-••P*——'————^^^p 

|l!l |i|! 
:"; '':. [jlj il|[ 

f 
mi 
iiJi 

lljl III! 
|U4 

illl iiii ;i'i i li! iiu ill! Iiii 

5i 
•Hi iiii :i i 

ii ! 
III. 
i'i! iiii iiii iiii Hi; iii! illi iiii !!! 

iii 
Illl 
iiii 
ill 

:':■: :!;[ i Tfi | 

Uli i 3. i 4^ 
•>i 

. | . . iiii ! 1'.' 

I-T: iiii 
1 
iiii 

IIII iiii iii. iiii iii- iii' 

■fr T: 

^ 

I'M •ij- PH 4t* ilji ;:i: jiii 
.r.i ^4} 

nil 
""!■ 

|4i nil •i" '•••'• frn 
i 

;'ii :ÜL 
iiii 
iiii 
Illl 

rtn 
iiii 
i!i! 

:ffi Ttn 4 
1.11 

!j[! 

% igi w Hff 
iji 

•••H fjjj Hff 
iii' 

iiii 
rttr 

Iti! |fn Hi' 
^ '* 

<r 
r* 1 i ■ ' ill' 

ml 
rti i '••}: iii: 

••:: Irr li ̂  
rjfi 

•'ii 

11 1 | ![ 1 ! 
frjt **« - •ir: ri4 rifi 

| |j 
tin Hti iri: :ri- •iii 

y % 
K 

mi 

iiii iiu f I ifii ;i;: 

\ 
N 1 '(> 

iff 
!:!■ 

•Hi Hfj frji 
i'li 

rih 
Illl 
■ 11 

iii: 'iii 
| 

1 
iiii 

" i; 

;j;i 
iiii 1 •ii' jJ   1 

iiii 
Iiu ii.ii 

^ 1 
j!! 1 • 

i-r r^^ .,.„. ..ii. 
111! 

f.». iri 
/ 
| ■:it: -4 '•ii uii iiii iiii 

iln 
iiri 

ttn 
j-ii-j 

III 
iiii 

ml 

44 
fj? 

^ 
r 

1 b! 
■\\: Hjl I iiii mi | | 

[Hi 

in' 'in 
iiii iii; 

ij 

■iii 
rrH 

44 
i 11 

ijjt 
Ä 10 

jiii Iji 
rfj r}ii flir ;::r i:;i 

/ 

/ ill! iiii 
ii;i 

ii i ||l! 
::i: 

. Ii' 
Hü iiii ill! uii 

IIII 
iiii 
im 
itn I It iiii iiii 

ii i 

-! r' 
■ 

i: ■' 

H1' y If ̂  • 1 1 1 
Ii ii 

:.:. "If Hjj 
ijjh 

"i- 
lljj 

41: iiu ■iii 
IIU 
ijij iiii 

iii' 

ijü iiii 

uii 
Hi. 

iiii 

nil 

iii; 

iii! 

ill' 

ilii 
■ 1 ! ' 

iiu 
ilii mi i iii; 'ii' iii: 

iill 

| ifij 
rjii 

|       J| 
'i 

:iii iri: ::., i:'; 

•■ii 
iill iiii 

iiri 
iii; i ü . 'ü 

in, 

•il1 
|| j 

'i'i 

jjl 

i| 

Iiii jiii 
i ii 

ill 

'iii 
liil 
iii' 
üü 

l* 

," i 

iji j 

| 

-1*. 

i 1 :ni 
in frl jiii 

nil 
|w | 

11:1 iiii *ii- ■Hi ijij flit Iiii 
ill 

iirt {jjl 
iiii ijTj 

ijij 
IIII ü iiii iiii IIII Illl 

iiii 
iiii 
für 
iij! 

iiii 
1'!! 
iii; 

i i 
4l4i 

II 

i 
iii1 
i 

Hi 

'iii 
| ö 

;!ij 
:ti* 

;!!: Ijij du 
:'•■'■ J ifjj ilii •if! 

i  

ill! 
Uli :i:! iiu 

'iii •iii 
iiii 

,": 

$! it 

r^1 Hi: 

i il i 

;-;:: 1 •iii ■"; 

iiii 

iii; iiii 
';, 1 1J i 

iiif 
iiu 
•iii iill 

iiii i'! I iiii 
11 

iiii 

Iiii 
i i. i 

iiii 
uii 

iiii 
in; 
iiii 
iill 

Ilii 

tm 
:iii 

illl 1 i4i 
mi 

. • i 5l 

|1 iti: 
1:1; 

1 j! 

il+i 
ii:i Iji | 

iii; 
;! : 

fi;r iiii iiii iii. 
'Ill 
; i 11 I.I 

iiii 
rlfi üit 

in i 

; til mi 

iii] 

iiii 
jit 

iiii 

it! 
:::t 
i 

ijjj 

m. 
Hi; 

ifii 
i i 

!'!' 
iii 

lili 
till 
lili 

iiii 

ill 

ii' i ;l|i 
IJI 

'■ii II!! 1 jljl i'li ilii ii ilii 'in iiii 

i'li 

: 1  : iiii 
iiii 

iiii 
iii! m. 

iii! 
iii i iii! 

iiii 
ilii ii ii 

iiii 

% 
■in 

iiii i jj 

1 
iiii 
iiii 

■ II 

iii 
it: 

Mil 
il 

'1 
liil 

Iii 
Iiii 

. i. 

||| ... 
liji 

|| 1 1 i: ! Ml! illi 

hi iii! ;iii [jn 
..ii 

111. 

ilii 

iii! üi1 ;iii 
in 'i'i iii: 

11:! 
|||l 

•iri 
im 

I 
iiii 

1 
•in 
iii; 

iii! 
rtn 
j li 

i • 
iiii 
i il 

mi 

iiii 
ij n 

lili 
Hi 

iiii 

! i! 
44 
nil /^ Ö ||| j ii«l 

i : 

•r-r i 
■;'■ 

01 
trH 

yy | 

'; 
iir i:i: •iri iiii •iii II 'i"i 

iii: 
rm 

i;ii 
jiii 

iiii 

in 

:iii 
iii; 
iiii 

tjfl 

iiii • 
| 

ijü 

lilt iiii ffH 
i \ i 

yi: III* i;.: i:.f (I ilii ilii ijlf 3i. 'iii i 1 rrrr 

i7 
m 

../. B 
4rl i 1 i ■in 

i. 11 1 rrr 

si 
! 1 
I III 

Ttrr i 
ilii 

i 
mi 
iiu 

i Öii 

iiii 
t 
i: ;i;: jiii i': i i ii iiri 

iii; 
liil 

i i j]i| 
i;;; 

!!! j 

1 i!:' iiu 

II 
IT ill] 111 

IM! 
iii' 

u^. 

iii: 
II 

i!!i 
In! 

1 
iiii 

iii iiii iii! ::i: 
mi 
Uli 

iiii 
iii Lili i il iiu 

1 iii 'iii 
iiu 

iiii 

iiii 

i II 

ill 
1 f 
Illl 

'ill 
mi 

l!!i 
mi 

III! 
I'll m 
il 

1 
iii iiii 
iiii 

* . 
1 ii 
ft! 

ill! 
iiii iLi 

Il i 

Figure 6.10     Underwing Insulation Performance for Fan Mode Flight at 100 Knots 
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7. 0  COOLING SYSTEM PERFORMANCE 

7.1       GENERAL 

The two volumes of this report present calculated cooling and structural 
protection system performance characteristics of the U. S. Army XV-5A 
Lift Fan Research Aircraft in terms of its estimated and experimentally 
determined induced environment; in terms of its structural, component, 
and operational requirements; and in terms of ARDC standard and ANA 
Bulletin 421 Hot Day conditions. 

This section discusses performance of the cooling system as described 
In Section 3. 0 of Volume I.   The purpose of this section is to demon- 
strate that the XV-5A cooling system is adequate to permit orderly con- 
duct of the various aircraft test programs and normal aircraft operation. 

Performance is evaluated in terms of cooling air flow rates in the 
various branches, the cooling air temperatures in these branches, the 
temperatures of aircraft component or structural members and/or the 
capability to maintain aircraft components and structural members within 
safe operating conditions.   The latter capability is the most absolute 
measure of satisfactory system performance, however, the aircraft 
requirements for extended time of operation are somewhat arbitrary, 
and the cooling system performance criteria has some degree of 
flexibility. 

Cooling system airflow rates and branch temperatures are presented In 
Figures 7.1 through 7.98 and in the following sections, together with 
assessment of system performance capability for ARDC standard and 

o ANA Bulletin 421 Hot Day conditions. 

7.2       COOLING FAN PERFORMANCE 

Cooling fan performance used in this report is based on the vendor and 
unpublished test data presented in Tables 7.1 through 7.5 and Figures 
7.1 through 7.8.   Performance at operating conditionH other than those 
presented is provided by conventional relationships based on fan simi- 
larity laws.   For further convenience, fan output pressures were ex- 
pressed in terms of total, rather than static pressure, by adding the fan 
outlet dynamic pressure calculated, assuming incompressible flow.   In 
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conventional operation, tailpipe ejectors augment pumping of engine bay 
cooling air.   In the lift fan mode, cooling air ejectors on the fans augment 
pumping of wing and fuselage air. 

7.3 COOLING AIR FLOW RATES 

The estimated cooling air flow rates presented in Figures 7.9 through 
7.76 (and also 7.95) represent balanced values for the aircraft and its 
various coolant passages in fan and turbojet modes as calculated by 
procedures of Section 9.3.   Fan mode data are presented in Figures 7.9 
through 7.19 and 7.95.   Turbojet mode data are presented in Figures 
7.20 through 7.76.   Total cooling air taken onboard is presented in 
Figures 7.66 through 7.75 for various one and two-engine turbojet 
operating conditions. 

During operation in the lift fan mode, cooling air ejectors activated by 
the wing and pitch control fans augment the cooling air blowers.   In the 
conventional mode of operation, cooling air blower performance is 
augmented by the tailpipe ejectors.   The possibility of tailpipe ejector 
trim back, to relieve back pressuring effects during thrust spoiler 
operations, led to the brief evaluation of trim back effects on flow rate 
as shown in Figure 7.76. 

7.4 COOLING AIR TEMPERATURES 

Operating temperatures of the cooling system and its branches were 
determined and were based on the XV-5A aircraft operating conditions, 
the balanced flow rates established in the previous section, and by the 
methods of Section 9.4.   Results are presented in Figures 7.77 through 
7.98.   Ambient temperatures used for Standard and Hot Day are sum- 
marized in Figure 7.77. 

7. 5       PERFORMANCE EVALUATION 

In evaluating of the XV-5A cooling system, the amount of hot gas Inges- 
tion is unknown.   A clue to Ingestion temperature effects is obtained by 
comparing Standard and Hot Day performance.   For example. Figure 
7.9 shows an 8% reduction in flow rate through the cockpit, and Figures 
7.78 and 7. 79 show an increase in cockpit temperature of 45s F while 
ambient temperature is increasing 35° F.   If this trend continues, (such 
as hot gas Ingestion temperature increases of 100* F as have been mea- 
sured during NASA-Ames Test 177), cooling performance could be 

:: 

: 

.. 
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impaired for some aircraft operating conditions. With this reservation 
in mind, the effectiveness and capability of the cooling system is evalu- 
ated by the following: 

Cockpit 

The estimated cockpit air temperatures during conventional turbojet 
operation are entirely reasonable as shown in Figure 7.79, which shows 
that the pilot will be uncomfortable during prolonged low level, high 
speed flight on a hot day, however, temperatures are low enough that 
his effectiveness should not be impaired.   Similar conditions are ex- 
pected during prolonged lift fan mode ground testing or hovering in 
ground effect. 

Electronic Compartment 

The data of Figures 7.83 and 7.84 show the electronics compartment 
ventilation is generally satisfactory for most areas of aircraft operation 
except during low level, high speed flight on a hot day.   One exception is 
the radio which, as configured with the external blower, requires 
ambient air at or below 131" F according to data of Figure 4.1.   As 
pointed out subsequently in Section 9.4 temperature Increases of the 
electronics compartment cooling air are conservatively based on maxi- 
mum generator and hydraulic oil cooling loads conditions which normally 
will not exist.   If test results verify that radio ambient air temperature 
levels are being, or will be exceeded In a desired operating range, the 
problem is easily resolved.   Bypassing approximately 3.5 lbs. /min. of 
air from each cooling air fan directly to the radio will satisfy the radio 

* cooling requirements. 

Generator Cooling i 
.   ^ Based on cooling air flow rates of Figures 7.13, 7.24, and 7.43 through 

M 7.46, and cooling air inlet temperatures of Figures 7.80 through 7.82, 
<£ sufficient air is supplied to the generator for its cooling requirements. 

Z| 
14, t Hydraulic Oil Cooler 

The hydraulic oil coolers are rated at 250 Btu/min. each for hot day and 
maximum oil temperature conditions.   This is adequate, since the normal 
continuous duty load is only 42 Btu/min, while for hovering it is equal to, 
or less than 250 Btu/min.   The maximum load of approximately 1000 
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Center Fuselage Section 

Figures 7.87 through 7.91 show adequate ventilation of the engine bay 
and tailpipe shroud for conventional operation.   No problem develops In 
fan mode operation.   Calculations In Section 9.4.11 and Figure 7.91 
show turhine case temperatures slightly less than the vendor limit of 
1150° F. 

Fan Cavities 

Figures 7.92 and 7.93 show estimated wing fan cavity air temperature 
as a function of diverter valve leakage distribution, aircraft Mach num- 
ber, and gas generator per cent RPM.   Superimposed are the stabilized 
flight conditions, wind tunnel test conditions, limits, etc.   These data 
show low speed, high power, conventional mode operation with the wing 
fan cavity closed will result In temperatures exceeding either design 
load or permanent loss of strength limits, therefore, provisions should 
be made to keep the louvers open during turbojet mode operation to 
allow escape of hot gases.   Similar conditions and arguments apply to 
the nose fan cavity as shown in Figure 7.94. 

In the fan mode, data of Figures 7.95 and 7.96 show no serious heating 
problem.   For hot day operation with specification scroll leakage, wing 
fan cooling air ejector outlet temperatures are close to 250s F for hover- 
ing.   During transition, the pressure build-up on the aft fan quadrants 
increases with increasing speed.   The net effect of this pressure build- 
up is decreasing suction pressure, decreasing cooling air flow rate, and 
increasing cooling air temperature at the aft wing fan ejector. 

0 
n Btu/min. Imposed during proconverslon sequences, for a period of only 3 

to 10 seconds, should cause no problem. 

• i 

Based en Figures 7.85 and 7.86, structural members will not be ex- 
posed to excessive temperatures in either fan or conventional modes. 
Figure 7.86 emphasizes the need for care to minimize joint leakage 
during installation of crossover and nose fan ducting, and demonstrates 
the benefits of getting out of ground effect to eliminate its associated 
Ingestion and inflow leakage effects.   Note that during ground operation 
in the fan mode, components will be exposed to at least 190° F air on a 
hot day. 

Engine Bay 

. 
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Conversely, for the forward ejector, there is increasing performance 
with increasing forward speeds.   A cooling air temperature of 200° F was 
estimated for the nose fan ejector during hovering.  It is estimated that 
the trend with forward speed will be similar to that of the curve on Fig- 
ure 7.96 for the aft ejector, while maintaining the 45* F differential. 

Aft Fuselage 

No provisions are made for cooling or ventilating the aft fuselage section 
beyond the minor amount of cooling which will occur due to differential 
surface pressures and leakage air flow.   No account was taken of this in 
estimating the temperatures in the area along the tailpipe and as shown 
in Figures 7.97 and 7.98.   These data show no heating problems. 

The general overall evaluation of the XV-5A aircraft cooling system is 
that its performance is adequate to permit orderly conduct of its various 
test programs and furthermore, should problems develop, they will be 
relatively minor, and can be resolved with minor modification of the 
aircraft and/or its operating procedures. 
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TABLE 7.1 
Large Cooling Fan Performance Test 

RUN 

No. 

|      PaESSUR.C?5.  (INCHU«,   HIO^ TeMPE^ATuw-fr-ä (DK«.F.) Tca^u? 

PJWCR. 

Ftok>i 

STATIC 
f Up«Tltr>KM\ 
V   Oo..r>ct ^ ^«.■riCE/ 

FAN INUCT 

DUCT 

atAK. 
Bo* Day WST 

I TS5. O 33 a 0 7T <i7 £0 at 1 4- 2.oO 3 

t •ZZ.o 33,0 1.0 77 «.7 81 as | 4 3,50 ?73 

3 ■3 l. 5 32..O 2.0        | 77 67 92 90    j 7 3S-0 300 

4 30.5- 3i  0 S-.o 77 67 82 90   I lo ^.00 liOO 

S" -40.0 31.S- 70 77 47 05 .00    j 2ff 10.73" I'STO 

6 za.s- 3«  5- 9.0 77 47 34. 105   I 
1 32 13 To aSo 

7 Z4.0 3I.O 11,0 77 i.y 34- l«0 +0 li.73- nso 

6 2i.S- 29.0 »30 77 ±7 ST US" 4-5-   | iVlff ZlCO 

9 22 6- 27? is-.o 77 17 3? 120 52 ai.ro et 5o 

10 19 S 2S-S- 17 0 77 <47 56 US- 4o 2+7? ?.430 

it |        14. Z 2.^.0 ISO 77 (.7 87 k3ö is- £b.Co{   2X.00 

i2 j         IB* at.o 21 0     | 77 47 33 13/ 72 Z9,2S'   27JC 

l«»l         H'0 »s ü 230     1    77 1   i7 63 14.0    , 7d , 31701 iaoo 

*\ 8.5- i7.£r 24..0     j    77   j    i7 33 »■ti ssr =+,05'   t9fl0 

BAR0MtTR.IC    PRESSURE    »    29.8 t     INCME«,   Kh ftCOfty 

RSLATIVE    Wot-uDiTy '  Sft V» 
Sp«ev>= TftU PPM. 

:. 

TABLE 7.2 
Small Cooling Fan Performance Test 

RUN 

No. 

|   PRESSURES     (tK.CMt>a  HaO") TeMPei*.Aru»E.S   C»e« ^^ Ton^e 

(Mi) 

JBRAKI 
i Ho««t 

Powt«. 

FLOW 
STATIC. 

(F*N DI«CW^ 
f UMTIWAMI 

FANTNI-KT 

DUCT 

GEAR 

Tbox Dn-Y Wer 

I 22.0 22.0 O TU 64 ao 82 r 1 'S 3i 0 

2 18 8 214 2.0 74 44 81 Si ' 8.V ^^S ■!.73 

3 18.4 20.4. 4..0 ■7C 44 02 33 ift.r 7,i0 »lo 

4 18.3 2o O 4 O 74 44 32 as 12 rro S.30 

5- 17 8 20.O 8.0 74 44 32 90 14. 4.73 730 

4 14.5- 19.9- 10,e 74 ^4 33 92 14 TZ.? a3o 

7 15.3 19 0 120 7-4 46 83 9? 1 a   ji 8.00 3oo 

6 13 8 IS O I* O 76 44 93 94 20.3- |  5.0O 970 

9 12.2 »72 14,0 74 64 S4. 39 Zl |  9.« | ios-0 

BAHOMCTSUC   PäHSSOW^   "2 9.91 

RELATIVE     HoMibiTV   »    40 V» 
SPEED » 7811 TLP. M. 

XMCHR« MBUCURY 
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Figure 7. 1    Large Cooling Fan Performance - P - .075- .«77 Ibl/ft3. 7811 RPM 

157 

- • i 



WM ■P" "^^^^W^ 

0 

Figure 7.2    I-arge Cooling Fun Pcrformuncu - p^ .000 Iba/ft3, 7811 HPM 
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Figure 7.3   Small Cooling Fan Performance - p »= .075-  .077 lbs/ft3, 7811 RPM 
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Figure 7.4    Small Coolintf I'^an Performance - p ■ .00« lbs/ft3, 7811 RPM 
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Figure 7.5   Cooling Fan Performance - Maximum Brake   Horsepower Test, 
p= .075-. 077 lbs/ft3, 7811   ilPM 
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Figure 7.6    CooliiiK, Fan Pcrformanco - Maximum Brake Horsepower Tost, 
p= .066 lbs/ft3, 7811 HPM 
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Figure 7.7   Cooling Fan Performance - Post Vibration Test, 
p= .075-.077 lbs/fta, 7811 UPM 
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Figure 7.H    Cooling Vnn IVrlonniince - Powt Vibration Test, 
P «= .0(>f> lbs/ft3, 7811 IIPM 
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Figure 7.9   Cooling Air Weight Flow - Cockpit to Cooling Fan Compartment 
Vs % RPM and Altitude - Fan Mode, Standard Day 
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Figure 7.10 Cooling Air We 
partment Vs % 

ight Flow - Fuselage Ports to Cooling Fan Com- 
RPM and Altitude - Fan Mode, Standard Day 
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Figure 7.1U  Cooling Air Weight Flow - Small Cooling Fans to Flectronic Com- 
partment Vs % IIPM and Altitude - Fan Mode, Standard and Hot Day 
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Figure 7.13   Cooling Air Weight Flow - Small Cooling Fans 
to GeneratorH Vs % UPM and Altitude - Fan 
Mode, Standard and Hot Day 
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Figure 7.16   Cooling Air Weight Flow - Large Cooling Fans 
to Tailpipe Ejectors Vs % UPM and Altitude - 
Fan Mode, Standard and Hot Day 
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Figure 7.19   Center Fuselage Qage Pressure Vs % UPM 
Fan Mode, Standard Day, Sea Level 
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Figure 7.20   Cooling Air Weight Flow - Cockpit to Cooling 
Fan Compartment Vs % HPM and Altitude - 
Conventional Modo, Standard and Hot Day 
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Figure 7.21   Cooling Air Weight Flow - Fuselage Ports to 
Cooling Fan Compartment VB % RPM and Alti- 
tude - Conventional Mode, Standard Day 
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Figure 7.22   Cooling Air Weight Flow - Puselago I'orts to 
Coolinu Fan ComiKirtmont Vs % UI'M uiul Alti- 
tudi; - Conventional Mode, Mot Day 
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Fisuru 7.23   Cooling' Air Wcinht I'Mow - Small CoolinK I'^ins 
to Electronic Coiiipartnicnt Vs % UI'M and Alli- 
tudc - Conventional Mode, Standard and Mot Day 
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Figure 7.24   Coolinn Air WulK'ht Klow - Smnll Cooling Kiins 
to (iuncrutor Vs % Ul'M und Altltucki - Convun- 
tional Mo<l(>. Stamlard mid Hot Diiy 
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Figure 7.25 Cooling Air Weight Flow - L. II. Largo Cooling 
Fan to Outer Pusolnge Vs % UPM and Altitude 
- Convuntionul Mode, Sliuidurd an«l Hol Day 
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Figure 7. 26 Coolln« Air Weight Flow - It. II. Large Cooling 
Fan to Center Fuselage Vs % RPM and Altitude 
- Conventional Mode, Standard and Hot Day 
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Figure 7.27   Cooling Air Weight Flow - [^argO Cooling Vnnn 
to Tailpipe Kjeetor V'H % »I'M and Altitude - 
Conventional Mode, Standard and Hot Day 
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Figure 7. 28   Cooling Air Weight Flow 
Wing Fan Cavities Vs % HI 
Conventional Mode, Staiula 

Center Fuselage to 
»M and Altitude - 
rd and Hot Day 
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Figure 7.29 Cooling Air Weight Flow - Forward Fuselage to 
Nose Fan Cavity Vs % ItPM and Altitude - Con- 
ventional Mode, Stjmdard and Hot Day 
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Figure 7,30   Divcrter Valve Loukane to Win« and Noae Fan Cavities 
Vs % Itl'M - Conventional Mode, Standard and Hot Day 
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Figure 7.31    Cooling Air Weight Flow - Cockpit to Cooling Fan Compartment 

Vs Aircraft Mach No. and % RPM - Conventional Flight Mode, 
Standard and Hot Day, Sea Level 
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Figure 7.32   Cooling Air Weight Flow - Cockpit to Cooling Fan Compartment 
Vs Aircraft Mach No. and % RPM - Conventional Flight Mode, 
Standard Day, 5,000 Ft. and Hot Day 2,500 Ft. 
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Figure 7.33    Cooling Air Weight Flow - Cockpit to Cooling Fan Compartment 
Vs Aircraft Mach No. and % RPM - Conventional Flight Mode, 
Standard and Hot Day, 10,000 Ft. 
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Figure 7.34 Cooling Air Weight Flow - Cockpit to Cooling Fan Compartment 
Vs Aircraft Mach No. and Altitude - Conventional Flight Mode, 
100% HPM, Standard and Mot Day 
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Figure 7.35    Cooling Air Weight Flow - Fuselage Ports to Cooling Fan Compartment 
Vs Aircralt Mach No. and % RPM - Conventional Flight Mode, 
Standard and Hot Day, Sea Level 
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Figure 7.36    Cooling Air Weight Flow - Fuselage Ports to Cooling Fan Compartment 
Vs Aircraft Mach No. and % RPM - Conventional Flight Mode, 
Standard Day 5,000 Ft. and Hot Day :;,500 Ft. 
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Figure 7.37    Cooling Air Weight Flow - Fuselage Ports to Cooling Fan Compartment 
Vs Aircraft Mach No. and % IIPM - Conventional Flight Modo, 
Standard and Hot Day, 10,000 Ft. 
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Fan to Center Fuselago VB % RPM and Altitude 
- Conventiona: Mode, Standard and Hot Day 
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Figure 7,38    Cooling Air Weight Flow - Fuselage Ports to Cooling Fan Compartment 
Vs Aircraft Mach No. and Altitude - Conventional Flight Mode, 
100% RPM. Standard and Hot Day 
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to Tailpipe BJootor VH % UPM ami Altitude - 
Conventional Mode, Standard an<I Hot Day 
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Figure 7.39    Cooling Air Weight Flow - Small Cooling Fans to Electronic 

Compartment Vs Aircraft Mach No. and % UPM - Conventional 
Flight Mode, Standard and Hot Day, Sea tavel 
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Figure 7.40   Cooling Air Weight Flow- Small Cooling Fans to Electronic Compartment 
Vs Aircraft Mach No. and % UPM - Conventional Flight Mode, 
Standard Day 5,000 Ft. and Hot Day 2,500 Ft. 
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Figure 7.41    CoolintJ Air Weight Flow - Small Cooling Fans to Electronic 
Compartment Vs Aircraft Mach No. and % RPM - Conventional 
Flight Mode. Standard and Hot Day, 10,000 Ft. 
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Figure 7.42 Cooling Air Weight Flow - Small Cooling Fans to Electronic 
Compartment VH Aircraft Mach and Altitude - Conventional 
Flight Mode. 100% ItPM. Standard and Hot Day 
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Figure 7.43    Cooling Air Weight Flow - Small Cooling Fane to Generators Vs 
Aircraft Mach No. and % RPM - Conventional Flight Mode, 
Standard and Hot Day, Sea Level 
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Figure 7.44    Cooling Air Weight Flow - Small Cooling Fans to Generators Vs 
Aircraft Mach No. and % UPM - Conventional Flight Mode, 
Standard Day 5,000 Ft. and Hot Day 2,500 Ft. 
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Figure 7.45    Cooling Air Weight Flow - Small Cooling Fans to Generators Vs 
Aircraft Mach No. and % RPM - Conventional Flight Mode, 
Standard and Mot Day, 10,000 Ft. 
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Figure 7.69    Cooling Air Taken Onboard Va Aircraft Mach No. and % 11PM - 
Conventional Mode, 2 Engines, Hot Day, Sea Ixjvel, and 2,500 Ft. 
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Figure 7.70    Cooling Air Taken Onboard Vs Aircraft Mach No. and % RPM - 
Conventional Mode. 2 Engines, Hot Day. 10,000 and 20,000 Ft. 
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Figure 7.71     Cooling Air Taken Onlmurd V.s Aircraft Mach No. and % UPM - 
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Figure 7.74    Cooling Air Taken Onboard Vs Aircraft Mach No. and % IIPM - 
Conventional Mode, 1 Engine, Hot Day, Sea I^svel, 2,500 Ft. 
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Figure 7.76  Tailpipe Ejector Cooling Air Weight Flow Vs Shroud Length 
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Figure 7.82    Cooling Fan Compartmont Air Temperature Vs Aircraft Mach No. - 
Conventional Steady Flight, Standard Day Sea l^ivel, 
and Hot Day. 2,500 Ft. 
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Figure 7.83    Electronic Compurtmcnt Air Temperature VH Aircraft Mach No. 
and Hydraulic Oil Temperature - Conventional Steady Flight, 
Standard Day Sea tavel 

239 



s" "' ;,.—r  .    .immm i .     — — 

—r- TTT 'i:: w f? .... rrr P nm iS» •sp nr 
:■:• 

■■:■■:■. w. S 
'■::' 

:: ' - •T'' -r —• 

-~ ■ 

:... 
\ •HI 

:r: •; 1 i' 
ii:. nhp '.'..'.   T... ji 

, ,j,., :;;: 
:i 

i 

• •:/ v* :; Hi 

'to .••. ■■■\: ■ : i :;;. •.-..:;. : 
'['** >c- :: : 

'' 

ft 
.4/6 iniu 

.'. 'r, 
r / \txn 

r \lh « 
. i i i ^ 

r* 
s* P 

fs 
:: 

|l fr 
i #2 TO/l/i-i ill ^U a^f f 

— £ 
j 

-r 
r 
-VI 

5». 1 
■   . :    .1     . 

—f— *|i —f— 
! 
r 

—1 "~ii5 p % 
5> 7* n F* :*. 

— m 
;  i 

i  | 

5 \— 
Ö1^ • 

gr »• ^ *? - — — 

£ IT* 
. i il; ■ i n? k£ ■ ' i   • htr -p .... 1 

■  ' 1 i :t : 
tVi S£i 

"^1 , 
1 

t m 
• m 1 —r-* . i j.     . !:' •: ! ..;.. 

* ;-:i- ■    l"' 
■   |   ■ 

■: r 
t 

■m /p :-: i ;' .:. 1 :"! i 
■!  , i i 

1: : I- 1- ■ i ■ ■ * i 

.... 
- 1 Of" • r- .... . i ■ i 

•— % 
'rT" m . ■;-.i-:" :  i ■ I- I 

.... U_ 
.■■■ .—i_. ■.;;i:''' 4f vk ■1 

:    i     : i 
i 

m ■■■! ; w, ̂/C?^ i I.   .. .:       :■ r l 

i C yp ■V. sw ft/r 1^ '/Ä^/ r* 77"/ VK* Rfd ß/f.«! "•'.Xv: 

i^ hn I |i ; . fA/(\ ^•^ V-ri x ^^Z» 7f Sirfl QGH Aa i i 
^ 9° ; *■ :i,' ■     i .i.  . 

1 ■ i ■ ;:: iiij 
\ ii« ■■■ )■ 1 % 

i i" ■;:•; ■  i  I :. 1..  . \ ;:•• ' 
— rr •— « 

i u ' ■,.,i_. 
t. 

; '" i ■  \ 1 .   1 1 :; ML TAfk rtA\ 
tt£ 

ff. if;/ tpp ^»h P ir^ m "Xif ifr 71 VfT/ 
Sj ii 1 

i %> "• 
■ i 

1    . .•:i: ■ i 
.   .   I.. 
"   I"" i'- 1 •1  ■ X.:: ;::;j.:■■ 

.... 

/-m : I ;; : 1 
■    ■ ■ 

i ! i- • * i ! ili -:: 

1 •?" 
■•:!:'■: :: ::| j — 

■.  :; 
: . .1.::. 

■ An 
■;: I'liij: ■    [: ! -• |: " .   ',. '   i .: 

.-:. s to 
In 

| : ::   |.- i : l i 1 . 
J ■. 4 ;-j ■■ .   | ;: : ;;■. 

»»_ .■" ;'•;. ::i 
| r   ■ 1' I vT'' 1 i i: ::: 

^ * 
-- 
an 

;' ...i.... |. :..(:.: .. :!!   ■ 
i ■ ; 1: ■■t.'; .'■ [:;! \'.: 

.     1         . 
, 

■■: 

i 

■ i. 
i ■ i:' 

:;■!:■ \ 1 •■Hiii; .,     .... ■  : 

_.. 4r 
AV 1 i i 

i ..   j ..   I ; • 1 " V i ." ' 

fn 1   ■ i I ..'. (;.. \ i; 1 ;;: 
—1 •i/ I ::• '■■ ''\" i . ■^T. 

.-.j.,.. 1 j ■     ■ 

::L;:: 
. i 

■   ! 

t . .   i i :! 
t j ' 1 \ i ;.:. 

^ >■: !./ ä\ U ? •: j.JCj^ iJ o j 
.Hi / 

p u Oi J? PJ — J o 
: 1 fl k&'fif:i * i * ̂ ftr Jh I 

.... .... 
: :. ., 

'..'Jl... 
. i i 

"er 
■'■■\- 

(iTt ip \ 
p 

■  1- ■ j 
riiXi t&ZL fh* i/r. Kw ' m rz lAft r/P/9 y 

.... - -... ... 
■ 

frH 
i I . J 'ST i . .i i. i 

:.i i ^/ä CAfi r- // flfV 1 \A. 
.;   j .. i 

._. — .... U w* ^ y£L t eryJi/ \* ̂ / Mi, »"'Lfli W !:.|; : •r 

i , ^2 £ 'tfrt A "A ̂ 7- i ' _ :;.
;!::: 

Figure 7.84    Electronic Compartmont Air Temperature Vs Aircraft Mach No. 
and Hydraulic Oil Temperature - Conventional Steady Flight, 
Hot Day 2,500 Ft. 

0 
.0 

1 

0 

0 

D 
.: 

;: 

:: 

240 

J 



,■i^• 

;1 

, 

> 
St I 

:: 

1 

*»M»^ 

~ m ■"T" ; am - j- TTT ■ ••• 

» 
:.-| :u.-j::j 

1    ' i    | :■ |;::- 

""t^ !: ■ ■.::;■• 
i '.','.'..' 

i: 

...i... !. : i j 
1— : 

• : .... _.. — _ ,— ..}■ 

— _.. '''■ nr :;i; 

in 
■ ..j:. :^: ü ilü ••■; 

-■- 

:- — 
/ 92 

- r i : 

I Vi i ■ 
1 >:\';':: 

r TT 
; ;':i 

■j 
.    .1... 

. ^ x' 
m bi ■ j-; m if f! , -itc T;;: 

1 

/ !w 
- :■ : . i J^^f : , , 

• i ■   j hö W '   1 
.... —- ^^ 

/yy I 
•       • i _ tlii ^r 

/M 
rr '   j 1 Pr :: 1 

.... —i " •- .... m 
-■- — — rf & c 

X 1 
.... 

( *!-' < 
* ■ ■ 

„-: '• r i ft 
1 

j* p* 
J*^ 

\    ■ j« 
x' : -iii.i-: 

■: ! — — 1— — 4M r— t 
1 ■    1 

■ 1 t- m t      , ^ !? t.rj:::- 
■ -.l;:.. 

t —- "t — 
i 

r-    u_. 
i 

4- —1— 
1 i 

r 
•' 1': P & i. 

— :ir- 

| .... 1 —(.la 

.... :. I   " ..j.... m < 
■:• 

■ 

.■ i-. i ■ 

-■'- 
.Ab. 

■   TT:, 

fa 
■:.t!.' oT'S w 1 ■ 

: 1 _'. 

A TV 
—-1— 

1 

:;  1 ; 
•  1 ■ M 

i 
J--, 

%iß FT 1 
—t— 

: 1 . 
:■ 

-  . 1 ' 

... ■ij 
T i Hi ■ ; | 1 . ; .:'.. 

^ ji« A'y 1 KV- Tff i h  :: ::: ~; 

.... — 
•^ 
N 
k 

17 ,   : 
.-1 11" Ml 

9tf % "& 'A vk r 
i 

FA /)^ fi" 
■. m 

to 

GO 

.   i l ■ ■ ■: 

—• ■ i swa Jte 
i 

^ - MfA 
j 1 ■   i. 

•A », 
-   1 . 

-_4— I ! i 1^ 
  .— ....i tu "T . 'i  : — j' 1 : : .... y ■ ! 

.I' 
— 

,■. g ksi 
■ 1 p i 

_.. 1 7° 
—-f- -- — .„i-. j 1 : 1 ■ . . 1 . i i 1 

T i ! j' ■ 1 : :: ..■ ' ;: 

f* . ! 
1 V - 1 

t \ . ••:: 

i» 1 
t   ■ i • 

■ 
.IPC 

■■   ■ _--L_ •■ i ■1 .-■  r . 

■ I 1. i , 1 i , 
1 

...i  
1 t 

^r ■ i ■ [•::; :.J . :;| .       1 ._4— .J-_ :;: 1 i 
n 

i ;■ 1 i 1. j I i 

1- ■ .:.. *i }  . 1.' H ■ ,2 it s 33 0 i 1^ 
vim 

\.6 2?! -J* iJ i ^ *! __iJ! Jo 
1 1 : r »/7^ ri t 

( f 
-•;: — -- 

: 
■ 

::i 
rta 

„i.J...Lj i . 
^7 

" r: 
j i J ■ 

tf, f/V^; rrt & i-kfi ^1^ 'im\ 7^<* 
-■ 

■ I i 1 k'^ i 1 

W 
i 1 

;„. ._. 
—■- ;: |   ■ 

A ^r» ff/?^ r M 1 i 

„.. tm ! 1 

. ! 

1 
•  L _ m —i 

1 ;;       . 
:.     : 

. 
.__. 

J —1 J J 1 J ■ 
i 

l_i J 

Figure 7.85   Center FuseloKo Air Temperature Vs Aircraft Mach Nu. - Cunvenlioiial 
Steady Flight, Standard Day Sea Level and Hot Ony 2.500 Ft. 

241 



pyp"""-"""— wmmmimmmmtmm* 

WF 
T 
iirtiPl HSf-r 

rteh ga ^.|r v/h? '\ß 
<<?./■■ 

ttivij 
S&SMi 
mi: 

p/jjllj! Sth/iiss- 

mi 
i<£_ 

_0^ 

i^iT 
AT 

I 

/v 
it 3x 

2g_ 
.a-. 

M 

• ■ 

• 

. 

.. 

Figure 7.86    Center Fuselage Air TemiKjrature - Fan Mode, 
100% UPM, Standard and Hot Day 

242 



'■       "  "I ■■.■■IS"!'!1 

—— 

■ 

■Hfi 

■ O 
PQ 

i 
) 

rrr W M rrr TTTT rrrr rrr :*j; v::::::-" :■:: 

rrr nrr 11 » -TTT ■:ir 
n ss rtrr 

rifi HH 

:;•: ■~ p irr: ^ IS ■:ii ■.";: 

:.:d i-f: 
■-■■: •ii: ^;. ;;:■ i:.':. -:- i;:^n; i:^ V- i;:; :::: :i:i —'; iiif g 

■J 
:::: .:.: ■.:i4 S= iii; i-ii 

'■'•]{ 
:i;: :'.': •••: ;:;; •l-r r;*' \\V. 

;;i: iii: n;» 
:;:; :;:; J :::i 

:::■ ••i: ;n.' :;;: .'.': :::: 

r^- ~ M +■ y so ■ -v. 
:!: ia- nt' 

Hr ;::: ■':•■ f*:' 

< fas :": .::: : ';-i ^ .■:;- i:ii 

::~ M _. ,_ 
/ 7" 

•;- •:•• M '.'". .. . ••n 
S| . Tj :;: :':]'- 

; : f M* 
!-('■• r*; Si ry 

l-.i- 

i BL " :;i 
■■- '■■■ ■■:; 

r"; •:;i 
tj 

/ 9 i :.i" ■ 

rf.; 
äJ* 

^ / f n ■ . j. ■ ~ ¥■ 
<r :::-• 

/ 
/ r :; .^. 

1 
-V i V 

i «a f ̂  
iff :;:: ::r ':': 

— .:.. 
hi / *» 

;—   ..-: • 
irl Ü ̂ :- .... 

J '■": hi i: 
i6 J> '■'.'. 

:::: 

.... h / *u 

*• ■M^ 

;... 
. :; l; ..... Ml > 

— -7 * — _ — 
■ 

m':i 
1 

izr m 
— — ai m — — 

:-;; ::i 
—i w. üS 

:— --: 1^ i 

— Wl : — :•;- -— if _. .... 
;;[:.:: ii-- i r 

.-4— 
I ;n;lü:i 

•rr — -;— •— -r- 
:: . 

:::: ^ 
■ 

— — ¥ / w , ;i::k 
■"-' ■ >^: 

■ 

m | 
::; ,■ . '««< ̂  

.... — ^ V 
I.: 

\ ■ 
:  . ■ V» 4 PH ": 

1 :    i:. 
ffrn 

1     ■ 
-■'■, 

::;.j..:: . '  r/i 
ÄJ« 

T 9« ;: 
- - i • 

rS 'ät&i 

.   1 

2^5 Etf i ^3 ̂  1=1 
: m iji .. ! ■*■ ■r 

— w. -■- 5 
■ylf 

- •; i i :    . ": 
■': 

'- !  . 
i i 1    :. IH- .: 

• 

.;.. 
9\S 

:'..[. AV-i C/^ :;: i.; ::: ■■, ■ :.; 

St 
-. :' ' :.! cr* r* \tim • -j;- Irjfhfv ' .:■. 

v* ' :.': \- ! C^ m 21* 
Pi / 

rxJiAi i ■- 

.... . i : /?ft 
— ~ 1 > • ■;i i ...■  .:. '         i        : '   i 

; . 
1 

:..;i;;: 

'.'■■ — ._: 1 r in; : :-:: :;: :i ;-' 

ia 
' 

' '    '■:- 
:;:T: : . : : ' .: ;. ";r ■ ::; 

.... ~ — — 
i?«9 :::::::: 

::j . . ■-  ji   :- ..: 
— fi — .. ... 

'1' : 

.... ~ .:_ (^ — 
: 

{■■ _ : 
tl i - ■      { 

i 'i i 
.;. '[''': •• ti ?' ./ >f t* P i:i jfJ *!• ff *\ •i:Ü r ;<! ̂  ^ f 19 j? 

: 
/9M ̂ l1* T\ *\'e\i V' Vr? 1 : 

— — -■ '■ 

Pi i 
i :,j:i;; 

... :\ 1 
■ 

i * 1 ;;: 

r1 iVrf /:•.>■ r A uk Tiffi l/F/ M rr '/? c **:f 

l^S m P 
t bfif AAif r   :■ ̂^ H   * M> ■: :;: ■::. ■:;: 

•~ — .... i;.. . ■;* :jn 
;;:Li., iüi •^jv: ; 1 *; iii; .:.: ;::( 

Figure 7.87    Engine Bay Inlet Air Temperature Vs Aircraft Mach No. - Conventional 
Steady Flight, Standard Day Sea Level, and Hot Day 2,500 Ft. 

243 

■ 

- ■ — 



—■—~ -■■— 

TTIT rrr 
:•■• 

.:'• -r ■ 
:.;.■ 

:::; ;t!l m i- 
,,,. .. 

^ 
rrr F ■■■ l 

rrr rrr rrr IT: 
:> ■: m-: ;;::; 

i .' ^i;;; •iT ■ :* 1 
— 

:.■': 

! 
■ 

■ :: — 
::  :r ■■-.■■ 

:::. •!:• l!" ■a '"■ ■ !:    :.-: 
' 

■■]■ 
■::- r 

:..;.. i -!■: ■■ 

r;; 1 ':':':': 
■; ■' 

; ■:!:■:: " : 1 :- ;• :H: '.'"■ 

:/ 
'■■ "";;LiJ 

..; j... 

.... .... — :r ■ 

|Jk i t n 
:,. 

— — i 
/ rv :. ; 

■ ;:• 
V .: :::: :: ! :■'■ 

•:- :- 1   
i 

5^ 

«a 

, 

' 
 L . . : 

-— — :-- Sr P* 8 ._. IfH 
■ 

■;;! 

" 1   .... —^ •- — .... ^ 
^ __ .„ 

14« 
i iT 1  1 ^ ; .- 

— ....   —i — ... l -f? J yv 
~ ~ ^ 

■ s ^«i 

-^ 1 
Iv 4f Ä 

ü. •Uä /A 

< M*. J& ..;: 
^n|_: 1 P. Ki i r//^. 4. 5J- 

-■■• 

.;::!:: ; i; .   L • ■::■ y > 1 I i ^^ •ili 
k 1 

r" . ^ * 

:  :; >5i >« . • <> ̂  

i S 
T 

! ■ 
■: 

... j   : :: 

* 
-f' 

S 
■ 

. 1 ^ 
- -      1- 

1. . ...j. . 1 i^ 
.;. 

■ 1 5 P—j— 
: i 

".'■^ ?& B5 -J?» 
I 

jJAtat f>-   fl mi .. m ■<! 

■::: 

— ._. :■.' 

.:;. 

?/i 
iiua 

! 
aSBgfl J* 

r. 

r >._. :.|: . i :    j .   j 
'•'•'■'■ 

it-fl 
i 

■       ■ 

^ 

1 
tj« 

: 1. 

7A 

t 
._i_.. —1— i ■ rn .:. i   :: j 1 

. ;: ' 

.- .._ rrr 1 y9 -1 I 5TAAL£ 
M jr. 

4Ti "KP •MJ P£ 5 
fHA /f/8-; 

... _. III '   j 
-    : 
• . l: 1 

-i  

: 
— 

i , ,,i  — _.j  I :; 
^ ... j.. .::l    " 1 

— 4 — ■''■ 
;     I; i ■ :i ■ : 

."■ .... M 
?/» :       ■ ! i ■I. 1 

■ ■ 

-: 

i. 
,4«? ; 

— f— 
|   . i 

..... 
! 

■ t 
.   1 :.. 

. i    
• 1 . . 

tn • 1 (v :r 1    • 
.    J  ! ■ 

i ! ! j \ 
■ 

"■ij-, 
i i   : . i 1 i I 

i 
.   j- . 

i ■ i 
'■■'• 

K( i ,' ̂    i.: ■4z 0 
/ ?/A 

3 i? i ; ;-M 0 \ 
f , 

b 1 .6 o\ ^ 0 rt 0 
':':.' ;;:. 

Pell Mr r MW, 'h V^ ■.'    ■. 
.:■ 

;:; 1 

,iFi "Pol 
■.!„. 

r... ,,,;!  
'/e 

■.. I . 

■■■ V ft W nufi i/yF j* "H s?, 3^ firvfiA tti 17 •u, f/ ' fV 
_.... ■ i v's .    |.: ! 1 i ■ : .1: ■■ 

Ä äJL£I AP7 "     ^ jfiii^ itf :.:. 1 r— —f6 
. j.... ;.   t i 

_.: : _ I- .     f.: 
i  ;: f ',-". 

.} 

Figure 7.88    Engine Turbine Section Outlet Air Temperature Vs Aircraft Mach No. 
- Conventional Steady Flight, Standard Day Sea Level, 
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Figure 7.96  Wing Fan Ejector Air Temperature Vs Aircraft 
Velocity-Fan Mode, 100% RPM, Hot Day 2,500 Ft. 
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Figure 7.98   Aft Fuselage Air and Structure Temperatures - 
Conventional Mode. Hot Day 2.500 Ft.. 100% RPM 
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. . 8. 0 CONCLUSIONS AND RECOMMENDATIONS 

1. The XV-5A aircraft cooling and structural protection systems 
are estimated to have sufficient performance capability so that 
the Installed System Functional, NASA-Ames 40' x 80' Wind 
Tunnel, and the Edwards Air Force Base Flight Test Programs 
can be conducted in an orderly manner. 

2. During turbojet mode operation the following problems may 
develop: 

a. Reverse flow of hot gases into the aft fuselage and back 
pressuring of tailpipe may limit thrust spoiler operation 
and/or require some structural modifications to seal the 

• fuselage-thrust spoiler region. 

b. Cockpit and electronic equipment compartment temperatures 
may become excessive or exceed allowable limits for pro- 
longed flight at speeds above Mach 0.6 on a hot day at 
Edwards Air Force Base ground level (2500 feet). 

3. During fan mode operation the following problems may develop or 
are expected: 

a. Main landing gear temperature limits will be exceeded during 
prolonged operation unless insulated or retracted. 

b. The main landing gear wheel well probably will exceed 
t,                                                    allowable temperature limits during out of ground effect 
o flight speeds above 30-50 knots unless the doors are closed. 
PQ 

>■ I 
c. The main landing gear enclosure door magnesium will ex- 

ceed allowable operating temperatures during fan mode flight 
at speeds greater than 30 to 50 knots unless insulated, or a 
material change is made. 

d. The forward tips of the inboard aluminum wing ribs at BL 25 
may exceed the allowable operating limit during prolonged 
operation at aircraft speeds from 80 to 100 knots, however. 

1 255 



w 

it is believed sufficient contact resistance exists which, when 
combined with the high thermal conductivity of aluminum, 
will provide satisfactory performance. 

e. Hot gas Ingestion by the engine and cooling system air inlets 
during operation in ground effect may have adverse effects on 
engine performance.   For prolonged operation, Ingestion may 
cause excessive temperatures in the cockpit and electronics 
compartment.   No satisfactory method exists for analytically 
estimating the increase of inlet air temperature due to such 
Ingestion, but full scale model test data from NASA-Ames 
Test 177 show engine inlet air temperature increases of 
100° F are possible.   If these levels develop for the cooling 
air system inlets, relocation of inlets will be required or 
operational procedures must be modified. 

f. Powered fan model data indicate local fuselage surface pres- 
sures can promote external hot gas leakage into the center 
fuselage section.   If such leakage develops, more adequate 
seals should be provided. 

4. Existing data in the literature on downwash phenomena may be 
applied to the XV-5A aircraft to obtain some preliminary 
qualitative and quantitative estimates of local flow field velocities 
(or dynamic pressures) and the environment immediately sur- 
rounding the aircraft.   While more fundamental and experimental 
data are needed (particularly for vectored fan streams) before 
important aspects of the flow field can be investigated, evalua- 
tions conducted to date show trends and tendencies toward hot 
gas Ingestion, and also point to ways whereby adverse effects 
may be minimized. 

5. The following maximum environmental temperatures are 
estimated: 

a. Titanium canoe section beneath wing fans,  1040° F 

b. Lower inboard wing panels between Stations 240 and 280, 
1000° F 

c. Leading edge of main landing gear wheel well, 860° F 
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d. Fuselage at wing trailing edge and flap, 850° F for upward 
flow through flap gap, 250° F for reverse downward flow 
through flap gap.   (The former was used for establishing 
insulation requirements.) 

e. Aft fuselage near thrust spoiler; steel and titanium area, 
1250° F, and aluminum area, 550° F 

f. Main landing gear, 850° F 

g. Nose wheel landing gear, 350° F 

h.    Under fuselage, 350° F 

Adequate structural protection has been provided or can be provided 
easily for these extremes. 

6. During prolonged ground runup or low speed testing in turbojet 
mode, the fan outlet closures should be open to allow escape of 
diverter valve leakage, otherwise, fan component temperatures 
may exceed allowable limits. 

7. While cooling system performance capacity appears adequate for 
ail operational requirements, care must be taken to maintain hot 
gas leakage from the power distribution system within specifica- 
tion limits, otherwise general or local overheating can easily 
occur. 

Q 
« 

> 
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I 

8. It is recommended that a comprehensive survey be made of the 
XV-5A induced environment including flow field measurements 
of temperature and velocity for the full range of aircraft operat- 
ing conditions such as altitude, power setting, control settings, 
and local wind velocities. 
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