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PREFACE 

This report presents calculated heat transfer and cooling system 
performance for the U.S. Army XV-5A Lift Fan Research Aircraft. 
The report Is submitted In two volumes, and this Is Volume II. 

Volume I contains the results of analysis and presents heat 
transfer and cooling performance characteristics. Volume II 
contains supporting data including test results providing the 
basis for estimates of external alrframe heating, methods used 
In calculation of cooling system performance and an analysis 
of structural protection systems. 
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9.2       SYMBOLS AND ABBREVIATIONS 

Symbol       Description 

A Heat Transfer Area Normal to Direction of Flow 

A Wing Fan Area 

A       Cross-Sectional Area of Duct Branch in Question 
DUCT 

A Radiative Heat Transfer Area Factor 

A. Area of Duct Facing Floor of Engine Bay 
IF 

A Area of Boundary Layer Bleed Duct Flapper 

A, Area of Duct Facing Honeycomb Panel 
»P 

A, Area of Duct Facing Inside Vertical Firewall fw 

A Cross-Sectional Area at Station m of Duct 
m 

A    . Cross-Sectional Area at Station m+1 of Duct 
m-t-l 

A Duct Area at 2nd Section From Section n 
m-f2 

A Inside Area Honeycomb Panel 

« . ~   ......   „th Duct Area of the R   Section of Duct 

A Tailpipe Shroud Area 

A Heat Transfer Area of Duct or Turbine Casing 

A Area of Tailpipe 

■^      i 
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Symbol        Description 

% 

4 

BL 

CG 

Pm 

CPo 

CTOL 

d 

D 

DH 

DHn 

D. 
S 

D2 

E 

Area of Vertical Firewall 

Heat Transfer Area of Power Distribution Ducting 

Heat Transfer Area of Fiberglass Shroud 

Butt Line:   - Lateral Distance from Aircraft Centerline 

Center of Gravity 

Specific Heat of Hot Duct Gases 

Specific Heat of Air at Constant Pressure 

Specific Heat at Bulk Temperature 

Specific Heat of Insulation at Constant Pressure 

Specific Heat of Metal at Constant Pressure 

Specific Heat of Hydraulic Oil at Constant Pressure 

Conventional Take-off and Landing 

Characteristic Duct Diameter 

Duct Diameter or Shroud Diameter 

Hydraulic Diameter of Section n 

Hydraulic Diameter of Section n of Duct 

Tailpipe Nozzle Exit Diameter 

Tailpipe Shroud Exit Diameter 

Fan Diameter Designations 

Hydraulic Oil Cooler Effectiveness Factor or a constant 

I 
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Symbol        Description 

EGT Exhaust Gas Temperature J85-5B Gas Generator 

. 

(EGT) Exhaust Gas Temperature Left J85-5B Gas Generator 
La 

(EGT) Exhaust Gas Temperature Right J85-5B Gas Generator 
R 

f Friction factor 

Force Acting on Flapper of Boundary Layer Bleed Duct 
or a Constant 

. 

A, 3-4 

A, 5-6 

Ac 

B 

O 

Radiative Shape-Emissivity Factor 

Radiative Shape-Emissivity Factor 

Radiative Heat Transfer Coefficient 

Radiative Shape-Emissivity Factor Flow Engine Bay to 
Center Fuselage 

Radiative Factor Duct to Engine Bay Floor 

Radiative Shape-Emissivity Factor Outsioe Honeycomb 
Panel to Environment or Fuselage to Environment 

Radiative Shape-Emissivity Factor Duct to Honeycomb 
Panel 

o 
PQ 

to 

I 

Ü 

s 

w 

Radiative Shape-Emissivity Factor for Tailpipe Shroud 

Radiative Shape-Emissivity Factor Tailpipe to Shroud 

Radiative Shape-Emissivity Factor Duct to Vertical Firewall 

Radiative Shape-Emissivity Factor Turbine Casing to 
Engine Bay 

Force Acting on Flapper of Boundary Layer Bleed Duct 
Due to Boundary Layer Bleed Airflow 

Force Acting on Flapper of Boundary Layer Bleed Duct 
Due to Airflow from Large Cooling Fan 

i 
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Symbol       Description 

^r 

K Acceleration of Gravity 

Flow Ilai. J per Unit Area, or a Constant 

Gr Grashof's Number 

G.W. Gross Weight 

h Convective Heat Transfer Coefficient, Height of Wing Fan 
Above Ground 

a 

ac 

ar 

B 

Heat Transfer Coefficient Fuselage to Ambient 

Convective Component of h 

Radiative Component of h 

Convective Heat Transfer Coefficient Engine Bay Floor 
to Center Fuselage Air 

Convective Heat Transfer Coefficient 

he 3-4 
Convective Heat Transfer Coefficient Between Duct and 
Shroud 

-5-6 

h/D 

g 

gi 

Convective Heat Transfer Coefficient at Fuselage 

Ratio of Lift Fan Height Above Ground Level to Fan 
Diameter 

Convective Heat Transfer Coefficient Engine Bay Floor 
to Engine Bay Air 

Convective Heat Transfer Gases Pitch Fan Gases to Insulation 

Convective Heat Transfer Coefficient at the Insulation 
Surface 

Convective Heat Transfer Rate Hot Gas to Tailpipe Wall 

.. 
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Symbol        Description 

Convective Heat Transfer Coefficient Outside Honeycomb 
Panel to Outside Air 

Convective Heat Transfer Coefficient; Inside Honeycomb 
Panel Surface to Air 

lr3-4 

Radiative Heat Transfer Coefficient 

Radiative Heat Transfer Coefficient Between Duct and 
Shroud 

r5_6 Radiative Heat Transfer Coefficient at Fuselage 

Convective Heat Transfer Coefficient Shroud to Cooling Air 

Convective Heat Transfer Coefficient Shroud to Fuselage Air 

Convective Heat Transfer Coefficient Shroud to Cooling Air 

T 

w 

Convective Heat Transfer Coefficient Tailpipe to Cooling Air 

Convective Heat Transfer Coefficient Vertical Firewall 
to Air 

'Wj Convective Heat Transfer Coefficient Fuselage to Fuselage 
Air 

lWj Convective Heat Transfer Coefficient Fuselage to Outside 
Air 

Of I 
1-2 

2c 

2r 

3-4 

Heat Transfer Coefficient 

Heat Transfer Coefficient Between Fuselage Walls 

Convective Component of h 

Radi ative Component of h 

Total Heat Transfer Coefficient Between Duct and Shroud 
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Symbol        Description 

5-6 

j 

k 

K 

\ 

Ko 

K(O) 

KGn 

"l 

K 
n 

K 
ftfl 

K 
n+2 

R 

T 

KT n 

2-3 

Heat Transfer Coefficient 

Ficticious Slab Interface 

Time Increment 

Ratio Specific Heat 

General Pressure Loss Coefficient 

Thermal Conductivity at Bulk Temperature 

Thermal Conductivity of Air Between Duct and Shroud 

Geometrical Pressure Loss Coefficient 

Geometrical Pressure Loss Coefficient 

Geometrical Pressure Loss Coefficient 

Thermal Conductivity of Insulation 

Pressure Loss Coefficient for Section n of Duct 

Pressure Loss Coefficient for the Section of Duct 
Following Section n of the Duct 

Pressure Loss Coefficient for the Second Section of Duct 
Following Section n of the Duct 

Effective Thermal Conductivity of Honeycomb Panel 

Pressure Loss Coefficient for the R    Section of a Duct 

Total Value of Pressure Loss Coefficient 

Total Value of Pressure Loss Coefficient at Cross-Section 
n of Duct 

Thermal Conductivity Power Distribution Ducting 

: 
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Symbol       Description 
• 

4-5 

:i 

ft i 

L 

L n 

M 

MA 

Mach 

N 

N 

N 
i 

P 

P 

FL 

FR 

Gr 

a 

amb 

Thermal Conductivity Fiberglass Shroud 

Length of Duct Under Consideration or Thickness of 
Honeycomb Panel 

Length Used for Convectlve Heat Transfer Coefficient 

Length of Section n of duct 

Mach Number 

Mach Number: - Ratio of Actual Speed to Speed of Sound 

Defined by Equation N   = h     AX, /k, 
A      gi       /  l 

RPM or % RPM of Wing Fans 

RPM or % RPM of Left Wing Fan 

RPM or % RPM of Right Wing Fan 

Grashof's Number 

RPM or % RPM of Pitch Control Fan 

Local Pressure 

Ambient Pressure 

Ambient Pressure 

Cooling Fan Inlet Pressure 

Ambient Air Temperature 

Total Pressure of Primary Air in Ejector 

Prandt'ls Number 

- 
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Symbol 

P 
REF 

ps 

psi 

S2 

S3 

Tl 

P 
T2 

PTI 

PTI 
m 

PTI 
n 

PTI    , 
n+1 

PTO 

PTO 
n 

PTO 
rnl 

q 

Q 

q AIR 

Description 

Reference Pressure 

Static Pressure at Flapper, Total Pressure Secondary 
Airflow in Ejector, Static Surface Pressure 

Static Pressure Boundary Layer Bleed Duct at Flapper 

Static Pressure Large Cooling Fan Duct at Flapper 

Static Pressure Following Mixing of Boundary Layer Bleed 
Air and Large Cooling Fan Air Downstream of Flapper 

Total Pressure 

Total Pressure Boundary Layer Bleed Duct at Flapper 

Total Pressure Large Cooling Fan Duct at Flapper 

Inlet Total Pressure 

Total Pressure at Inlet of Section m of Duct 

Inlet Total Pressure at Cross-Section n of Duct 

Inlet Total Pressure at Cross-Section n+1 of Duct 

Outlet Total Pressure 

Outlet Total Pressure at Cross-Section n 

Outlet Total Pressure at Cross-Section n+1 of Duct 

Absolute Pressure of Inlet Air to Blower 

Absolute Pressure of Outlet Air From Blower 

Dynamic Pressure, or Rate of Heat Flow 

Volume Rate of Air Flow 

Heat Transfer Rate to Hydraulic Oil Cooler Cooling Air 

: 

:: 

!l 
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Symbol        Description 

q. 

B-W 

F-A 

F-B 

TO 

P-A 

crew 

S-A 

Convective Heat Transfer Rate Fuselage Air to 
Fuselage 

Convective Heat Transfer Rate Engine Bay Floor to 
Engine Bay Air 

Convective Heat Transfer Rate Engine Bay Floor to 
Center Fuselage Air 

Convective Heat Transfer Rate Outside Aircraft Surface 

Heat Transfer Rate Honeycomb Panel to Engine 
Bay Air 

Rate of Heat Addition Due to Heat Load From Crew 

Convective Heat Transfer Rate Shroud to Cooling 
Air 

, Convective Heat Transfer Rate From Shroud to 
'S-B Fuselage Air 

Heat Transfer Rate From Turbine Casing or Wall to 
'T-A        Engine Bay Air 

, Convective Heat Transfer From Shroud to Cooling 
'T-S Air 

• 

o a 

< 
>■ 

m 

I 

T'-S 

h W-A 

•g-a 

Vl 

Convective Heat Transfer From Tailpipe to Cooling 
Air 

Convective Heat Transfer Vertical Firewalls to Engine 
Bay Air 

Not Convective Heat Transfer Hot Gases to Outside Air 

Convective Heat Transfer Hot Gases to Insulation 

Heat Addition Rate from Generator to Cooling Air; or Hot 
Gas Heat Transfer Rate to Tailpipe 

. 
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Symbol        Description 

qQ Total Energy Input to Generator 

q Rate of Heat Transfer from Hot Gases to Turbine or Duct 
Wall 

q Heat Transfer Rate Across Honeycomb Panel 

q Dynamic Pressure at Duct Station m 
m 

q Free Stream Dynamic Pressure at Aircraft Speed 
o 

q Heat Transferred from Hydraulic Oil in Cooler 

N* V 1      Wing Lift Fan Stream Dynamic Pressures 

\ 

<!«« Pitch Fan Stream Dynamic Pressure 
NP 

q Radiative Heat Transfer Rate Engine Bay Floor to 
Center Fuselage 

^r.™ Radiative Heat Transfer Turbine Casing or Duct to 
Engine Bay Floor 

q Radiative Heat Transfer Turbine Casing or Duct Wall 
to Honeycomb Panel 

q« Radiative Heat Transfer Shroud to Fuselage 

q Radiant Heat Transfer Rate Tailpipe to Shroud MRT 

qR Radiative Heat Transfer Tailpipe to Shroud 

q Radiative Heat Transfer Rate Turbine Casing or Duct 
to Vertical Firewall 

q Radiative Heat Transfer Rate Turbine Casing Axially 
Along Engine Bay 

• 
\ 
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q Radiative Heat Transfer Outside Aircraft Surface to 
Environment 

i 

.: 

i. 



  —,i111:1 
—■ 

——ü^w^ 

. 

< 

) 

o 
m 

a» 

I 

Symbol 

q. 

^olar 

qi 

qi-2 

q2 

q 

q3-a 

r 

R 

Red 

R 
e 

RE 

RPM 

S 

STA 

Si 
S2 

t 

T 

»a 

Description 

Effective Fan Stream Dynamic Pressure 

Dynamic Pressure of Air Stream Running Along the Ground 

Rate of Heat Addition Due to Solar Heat Load 

Dynamic Pressure Boundary Layer Bleed Duct Air at 
Flapper 

Heat Transfer Rate Across Insulation 

Dynamic Pressure Large Cooling Fan Duct Air at Flapper 

Heat Transfer Rate Across Fuselage Wall 

Heat Transfer Rate Fuselage Wall to Environment 

Recovery Factor 

Gas Constant 

Reynolds Number for Flow Inside Ducting 

Reynolds Number for Flow Over Flat Plate 

Arithmatic Mean Reynolds Number 

Revolution per Minute 

Distance fromTailpipe Nozzle Plane to Shroud Exit Plane 

Aircraft Station 

Distance Between Fans 

Temperature 

Absolute Temperature 

Ambient or Outside Air Temperature 
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Symbol        Description 

air in 

air out 

AM 

t 
AMB 

^MBj 

tAMB2 

T AMB 

TB 

TC 

TC MAX 
rp    8 

C 

F 

T F 

g.J 

g.J+1 

Engine Bay Air Absolute Temperature 

Inlet Air Temperature to Hydraulic Oil Cooler 

Outlet Air Temperature from Hydraulic Oil Cooler 

Mean Shroud Air Temperature 

Ambient Air Temperature 

Ambient Air Temperature During Test 

100° F 

Absolute Ambient Air Temperature 

Temperature Boundary Layer Bleed Air 

Absolute Temperature Engine Bay 

Temperature Cockpit Air to Cooling Fan Plenum 

Thermocouple 

Thermocouple Number With the Maximum Reading 

Fan Stream Thrust Coefficient 

Absolute Temperature Gas Power Distribution Ducting 

Temperature Air from Large Blower at Flapper 

Fuselage Air Temperature, Absolute Temperature Engine 
Bay Floor 

Pitch Fan Exhaust Gas Temperature 

Gas Temperature at Time Increment ] 

Gas Temperature at J-f 1    Time Increment 

; 
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Symbol Description 

tg Wing Fan Exhaust Gas Temperature During Test 

tg Wing Fan Exhaust Gas Temperature at 100% Power 

t Generator Outlet Air Temperature 

T Absolute Total Temperature of Gas Stream In Duct 

T Absolute Temperature Duct Gases 

t Hot Gas Temperature from Wing or Diverter Valve Leakage 
H 

t Temperature of Air to Engine Bay from Flapper 

t Temperature at ith interface at jth Time Increment 
i,J 

t. . . Temperature at ith Interface at j+l1*1 Time Increment 
l.J+1 

t Temperature at i-1    Interface at J    Time Increment 
*"*• J 

t , . Temperature at i+lth Interface at 1^ Time Increment 
i+ltJ 

t Temperature of Duct Leakage L 

t Mean or pitch fan Temperature of Cooling Fan Plenum Air 
or Wing Air 

T Absolute Mean Temperature of Cooling Fan Plenum Air m 

*.. AV Maximum Landing Gear Environmental Temperature 
p. MAX 

m tM Measured Temperature of Landing Gear Environment 
co During Test 

zl 
(j| t Temperature at Insulation-Metal Plate Interface at j^ 

s-a Time Increment 

t Temperature at Insulation-Metal Plate Interface at J+l**1 

'J Time Increment 

t Outside Air Temperature 
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274 

oil in 

oil out 

o.J 

o.j+l 

coo 

lpi 

p.j+1 

Tp. 

REF 

SO 

W 

Description 

Absolute Temperature Outside Air 

Temperature Inlet Oil to Hydraulic Oil Cooler 

Temperature Outlet Oil from Hydraulic Oil Cooler 

Temperature Gas-Insulation Interface at j"1 Time Increment 

Temperature Gas-Insulation Interface at j-i 1th Time Increment 

Wing Fan Lift at /?   = O, M = O, and /3   =0 

Temperature Inlet Air at Fuselage Port or Pitch Fan 
Inlet Air 

Absolute Temperature of Primary Air of Ejector 

Absolute Temperature Inside Surface Honeycomb Panel 

Assumed Temperature Insulated Plate Temperature at 
J+l^ Time Increment 

Absolute Temperature Outside Surface Honeycomb Panel 

Reference Temperature 

Absolute Temperature of Secondary Air of Ejector, 
Fiberglass Shroud or Cooling Air Temperature 

Absolute Temperature of Outside Fiberglass Shroud 

Absolute Temperature Turbine Casing or Duct or 
Shroud Temperature 

Tailpipe Temperature 

Absolute Temperature Vertical Firewall 

Absolute Temperature Honeycomb Panel Aft of 
Turbine Casing 

: 
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I «I 

OO 

'i 

Ti 

'2 

T2 

'3 

T3 

'5.1 

«6 

Ul 

u 

g 

m 

W 

W 

±.<     ■ 

Symbol       Description 

a 

Hot Gas-Insulation Interface Temperature 

Temperature Gases to Fan Scrolls 

Absolute Temperature Insulation Surface 

Temperature Surface q 

Absolute Temperature Air Leaving Blower, or Absolute 
Temperature of Surface 2 

Temperature of Fuselage Surface 

Absolute Temperature of Fuselage Surface 

X353-5B Gas Generator Exhaust Gas Temperature 

Temperature Fuselage Air 

Overall Heat Transfer Coefficient Hot Gases to Turbine 
Case or Duct Surface 

Overall Heat Transfer Coefficient Across Insulation and 
Fuselage 

Velocity of Boundary Layer Bleed Air 

Wing Lift Fan Air Velocity 

Pitch Fan Exhaust Gas Velocity Over Insulation 

Mean Velocity in Duct 

Aircraft Free Stream Velocity 

Aircraft Flight Speed 

Weight Rate of Airflow From Flapper to Engine Bay 

Weight Rate of Airflow 

■ ■ 
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Symbol        Description 

W 
B 

W 

W. 

W 

W, 

W. 

W 

Weight Rate of Boundary Layer Bleed Air to Flapper 

Weight Rate Airflow Out of Cockpit 

Weight Rate of Large Blower Cooling Air to Flapper or 
in Fuselage 

Weight Rate of Hot Gas Flow 

Weight Rate Airflow Through Generator 

W Weight Rate of Hot Gas Flow from Wing or Diverter 
Valve Leakage 

Weight Rate of Duct Leakage 

Weight Rate Oil Flow Through Hydraulic Oil Cooler or 
Outside Airflow 

: 

: 

:: 

:: 

w. 

ws 
wl 

w 
2 

W 
3 

WL 

Weight Rate of Flow of Ejector Primary Air, Weight 
Rate of Air to Cooling Fan Plenum Through Fuselage 
Ports; or Weight Flow from Pitch Fan Area 

Weight Rate of Flow of Ejector Secondary Air 

Weight Rate of Airflow in Boundary Layer Bleed Duct at 
Flapper 

Weight Rate of Airflow in Large Cooling Fan Duct at 
Flapper 

Weight Rate of Airflow Downstream of Flapper 

Aircraft Water Line 

■ 

X 

X. 

Distance 

Thickness of Insulation 

m 
Thickness of Metal 
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Symbol 

X 

2-3 

4-5 

Y 

a 

ß 

ß 

ßr 

ßy 

y 

yt 

AP 

m 

REF 

6 

A 

6_ 

B 

Description 

Ground Distance From Lift Fan Center 

Correlating Temperature Difference Ratio 

Thickness Power Distribution Ducts 

Fiberglass Shroud Thickness 

2 
y   gß C / fik For Air 

Aircraft Angle of Attack 

Volumetric Expansion Factor 

Apparent Turning Angle of Fan Turbine Exhaust 

Stagger Angle of Lift Fan Louvers 

Vector Angle of Lift Fan Louvers 

Louver Vector Angle of Lift Fan No. 1 

Louver Vector Angle of Lift Fan No. 2 

Density of Duct Gases 

Density of Insulation 

Density of Metal 

Reference Specific Weight 

Air Gap Thickness of Fuselage Section 

Difference Symbol 

Flap Angle Setting 

Surface Emissivlty 

Surface Emissivlty of Center Fuselage Bay 

Emissivlty of Engine Bay Floor 

i 
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Symbol        Description 

' 

Pi 

po 

si 

si 

w 

wi 

wl 

''b 

wsi 

wt 

Inside Surface Emissivity Honeycomb Panel 

Outside Surface Emissivity Honeycomb Panel 

Surface Emissivity of Inside of Shroud 

Surface Emissivity of Outside of Shroud 

Surface Emissivity Turbine Casing or Duct 

Surface Emissivity of Vertical Firewall 

Surface Emissivity of Inside Fuselage Skin 

Surface Emissivity of Outside of Fuselage Skin 

Emissivity of Power Distribution Ducting 

Emissivity of Inside Shroud Surface Gold Plated 

Emissivity of Outside Shroud Surface 

Emissivity of Fuselage Inside Surface 

Angle of Boundary Layer Bleed Duct Flapper With 
Respect to Airflow; Time 

Viscosity of Duct Gases 

Viscosity of Air at Bulk Temperature 

Viscosity of Cooling Air at Inside Shroud Temperature 

Viscosity of Cooling Air at Outside Tailpipe Temperature 

: 

Density of Hot Gases in Ducts 

■12 
Stephan-Boltzman Constant 1730 x 10      as Used in 
This Report 

Summation of Terms Symbols 

.; 
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Symbols      Description 

$ Summation of Pressure Loss Coefficients Related to a 

At
ü    Ai      Temperature Rise Due to Air Recirculation Between Zm FusAir 

■ Shroud and Duct 
( 

< I At Temperature Rise of Generator Cooling Air 
QJ G 

At Incremental Temperature of Landing Gear Environment 

AT Temperature Change 

•_ 

Given Section of a Duct 

AP Pressure Difference 

AP Pressure Loss at Duct of Varying Shape, Cross- 
Section, etc. 

AP Pressure Drop Due to Wall Friction 

AP Pressure Drop Due to Geometrical Factors 

AP Pressure Drop Across Section n of Duct 

AP. . ,       Sum of AP, and AP„ 
total f G 

AP Incremental Total Pressure 

Aq_ Rate of Heat Rejection by Generator 
u 

At Temperature Rise Across Cooling Fan Blowers 

AT Temperature Difference Shroud to Fuselage Air 

AT Temperature Rise of Air Across Hydraulic Oil 
Cooler 

At Incremental Temperature Due to Aerodynamic Heating 

AT Incremental Absolute Temperature Due to Aerodynamic 
Heating 

• 

279 



p;1* 

Symbol       Description 

At 

At 
sc 

AT,, 

AX. 

A6 

Temperature Drop Across Metal Plate 

Cockpit Air Temperature Rise Due to Solar and Crew 
Heat Loads 

Total Temperature Increment ^    -At      + & 
T        AH        sc 

Thickness ol Slab of Figure 13.2 Defined as X 

Time Increment Defined from Equation for M 

i/n 
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9.3       COOLING SYSTEM ANALYSIS 

9.3.1   Method of Approach 

The cooling system analysis of this section establishes the balanced 
cooling air flow rates through the various flow passages of the aircraft. 
Thermal performance of the cooling system is considered in Section 
9.4.   The general procedure to establish the balanced flow rates 
consists of the following steps: 

1. Definition of flow passages and their geometrical factors 
affecting flow rates; (See Tables 9.1 through 9.10 and 
Figures 9.1 through 9.9.) 

2. Selection of pressure loss factors for the flow path com- 
ponents at the appropriate ranges of geometrical factors 
and estimated flow rates from Reference 12, (See Tables 
9.1 - 9.10.) 

3. Establishment of terminal conditions for each flow passage 
in terms of aircraft operation. 

4. Calculation of pressure losses in each flow passage by a 
digital computer program for a matrix of input-output 
conditions of flow rate, inlet pressure and outlet pressure. 
This program is presented in Section 9.3.2.3. 

5. Establishment of cooling fan performance at off-design 
conditions based on vendor and unpublished test data using 
conventional equations and procedures derived from fan 
similarity laws. 

6. Generally balanced flow was established by a series of 
iterations in three steps:   (a) the upper fuselage section 
was balanced assuming a series of lower fuselage com- 
partment pressures; (b) the lower fuselage section was 
balanced based on the same series of compartment pressures 
used in 6(a); and (c) the upper and lower fuselage sections 
were balanced at the compartment pressure-flow rate 
interface. 

7. The above steps were carried out for specific conditions of 
the aircraft speed-altitude envelope, operating mode, and 
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for AHDC standard and ANA Bulletin 421 hot day conditions. 
Although somewhat lengthy and tedious, once the procedure was 
established, balanced flow rates were established in a routine 
manner. 

8. Since point by point coverage of the wide range of aircraft oper- 
ating conditions was impractical, approximate methods were 
developed by analysis, which were verified by spot checks at 
terminal and mid-point conditions, and used to establish inter- 
mediate data by interpolation. 

9.3.2   Pressure Loss Analysis 

9.3.2.1  General 

Since the airflow rate in a given duct is established only when the 
pressure drop available for flow is equal to the pressure drop re- 
quired for the given flow, detailed knowledge of those factors affecting 
pressure loss estimates is needed.   In the subject studies, compres- 
sible flow equations were used, unless otherwise specified.   Pressure 
loss may be considered in two parts:  frictional and geometrical com- 
ponents.   The frictional component is expressed as 

•' 4f 1 AP, ', • if) 
The geometrical component (effective for changes in duct direction, 
shape, or cross-section) is given by: 

APTot«l  =  APf+APG =  ««'^V« 

9.3.2.2  Incompressible Flow 

An attractive advantage of incompressible flow is the ease with which 
ducting losses are analyzed and related in terms of one section of a 
duct passage.   For example, in the equation 

Duct Mn 

■ 

1 

:i 

: 

: 

-- 

where KQ may be the product or sum of several factors depending upon 
the methods of data correlation.   The total loss in pressure is the sum J 
of these two components, or 

.: 

i 

J I i 

\ -1 

I ■!       I.  ■I..II       I     .■    r  '    '    -■ ■     I    !..■     i I   .    A 



-   ■   ■   

 1  ■' *"" ~ 

') 

1 
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c 

* I 

where 

$ 
n       ttfl   \A

m+l/ 
nf2  \Am+2/ R\AR/ 

both frictional and geometrical effects can be included in K without 
significant error and the study is referenced to any convenient cross- 
section n. 

Incompressible flow was assumed for the following three 
branches - cockpit to cooling fan compartment, fuselage ports to 
cooling fan compartment, and the small cooling fan to the generator. 

Flow from Cockpit to Cooling Fan Compartment 

Standard Day, Sea Level 

Q -  589 JAPt   HO       Ft /min. v     in   2 

Hot Day, 2500 feet 

Q =  633 y/AP,   HrtO       Ft /min. 
In   2 

The plots of Q vs AP for various day and altitudes are presented in 
Figures 9.10 and 9.11 

Flow from Fuselage Ports to Cooling Fan Compartment 

t. Standard Day, Sea Level 
i-t 

S Q =  868 y/AP    HO        Ft /min. 

Hot Day, 2500 feet 

Q = 934 y/AP^ H2o       Ft3/min 

The plots of Q vs AP for various days and altitudes are presented in 
Figures 9.12 and 9.13. 

- 
--      i      Wi   ■ I 
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Flow from Small Cooling Fan to Generator 

Standard Day, Sea Level 

Q =  60.9 »MR   HO        Ft /min y     in   2 

Hot Day, 2500 feet 

Q =   65.7 TAP"-HIÖ       Ft /min v     in   2 

•■ 

; 

■ 

: 

The plots of Q vs AP for various days and altitudes are presented in 
Figures 9.14 and 9.15. 

9.3.2.3  Compressible Flow 

All ducts except those mentioned in Section 9.3. 2.2 were analyzed with 
compressible flow.   The duct characteristics are presented in Fig- 
ures 9.1 - 9.9 and Tables 9.1 - 9.9.   Pressure loss analysis of the 
various ducts utilized an IBM 704 computer program requiring informa- 
tion on the following fluid and duct characteristics:  temperature, 
viscosity, specific heat ratio, molecular weight, geometric K-factor, 
length, hydraulic diameter, duct station areas, and weight flow.   An 
option was available to include a table of geometric K-factor vs 
Reynolds No. for any section where the Reynolds Number demonstrated 
a large effect. 

The computer calculated and printed out the following: 

1. Reynolds Number, RE 

RE  =       12 D0   W 
H 

n 

2. 

( 

A   +A      ,, 
m     m+1 

M 

Mach Number, M 

M was obtained by iteration of the following equation 

" 
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3. 

5. 

 :_«_ 
A     PTI m       m -(i) 

1/2 

•*!T«2 
2(k-l) 

Flow Velocity, V ~ Ft/sec. 

1 
V =   M 

.^VM2 

1/2 1/2 
(kRTJ 

4. Total K - factor, K 

^-^(< E n ) 

Pressure Ratio, P^ 

. 

8. 

S/PM 
1 + k-1 1-k A-l 

e.        Section Outlet Total Pressure, PTO ~ lb/In 
■ 

2 

PTO    ■   PTI n n M 
7.        Section Inlet Total Pressure, PTI ~ lb/in1 2 

PTI    is given m 

"".U '  "«.. "«„2 '  "«V,. -0. 

Static Pressure, P M lb/in2 

8 

S © PTO 

-—--     ■       i , i    
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9. Pressure Drop, AP ~ lb/in 

AP    =   PTI   - PTO n n n 

: 

The results of the computer analysis for the various duct flows at 
various altitudes and days are presented In Figures 9.16 through 9.26. 
In some Instances the effects of changes in pressure, temperature, 
and density with changes In altitude and type of day can be handled with 
simple ratios.   Thus, some systems or branches may be calculated at 
standard day, sea level conditions and adjusted to various altitudes by 
the relationship between the pressure temperature, and/or density. 
Representative values of these ratios are presented in Table 9.10. 

9.3.3   Boundary Layer Bleed Duct Aft Flapper Position 

: 

: 
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BOUNDARY 
LAYER BLEED 
DUCT 

TO TAIL 
— ip0     PIPE 

3   EJECTOR 

FROM 
LARGE 

COOLING 
FAN 

A description of the aft flapper operation was presented in Section 3.0. 
Since the flapper is a free hinged door, the position is a function of the 
forces developed on each side by the two air flows from each duct 
branch.   The system is analyzed as two ducts branching into a single 
duct by setting the flapper at any fixed position. 

The method of approach is as follows: 

1. Set the flapper position and treat the flapper as part of the 
ducts 1 and 2. 

- 

ii 

.; 

•' 

• 
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2. Using the duct characteristics of ducts 1 and 2 at each flapper 
setting, place into the computer program as described in 
Section 9.2. 

Fl F2 
irr V1-74"!   i^-V-773^ 

^ @0   ^   67.5° 
o n 
S P F 

ü 
^|] 6. With Pg , W  and Mach number, compare with duct syetem AP 

s 
to the tailpipe exhaust and the tailpipe ejector performance at 
the given Mach number. 

6. When the flapper system flow balances with the tailpipe ejector 
perlormance, the flapper is balanced at that Mach number. 

■' 

3. From the computer program, obtain the values at a given 
i condition for the following:  qj, q2, Pg , Pg , W^ Wg, P>j< 

and P     (see sketch). 2 * 
2 

4. Balance the forces on the flapper at various flow rates 

F  =  A P+2A        „a »/ITl-cösöT FLAPPER   S    '"DVCT* *   K ' 

where 6 is the angle of flapper with respect to the flow 

@ g   =  O" 

1 A 

(q)0   =   22.5° 

' Fl F2 

1 2 

@ö   =45° 
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9.3.5   Cooling Air Flow Between the Kose Fan and Wing Fan 
Cavitlea During Conventional Flight 

During CTOL flight mode, the doors are closed at the wing and nose 
fan, but air gaps exist around the doors.   In flight relatively high 
positive pressures develop at the nose fan doors; and relatively low 
negative pressures develop at the wing fan (see Figures 9.43 and 9.44). 

Figure 9.27 shows the estimated flapper position at various 
Mach numbers.   Its position is not significant beyond the fact 
that the division of flow is a unique function of flapper position, 
which in turn is a function of Mach number and power setting 
conventional flight mode. 

9.3.4   Tailpipe Ejector Analysis 

The tailpipe ejector augments cooling airflow in the engine bay, tailpipe, 
and shroud during turbojet mode operation.   The ejector is a simple, 
conical extension of the shroud past the tailpipe (Figure 3. 6), with the 
following design characteristics: 

D 
s _   Shroud Exit Diameter 

D    " Tailpipe Exit Diameter = 

S   _      Shroud Extension        t A An 
D    = Tailpipe Exit Diameter C 

P 

A full scale ejector with nearly identical design characteristics was 
experimentally tested and recorded in Reference 13 showing the rela- 

tionship between P ,p , P  .    , and , see Figures 9.28 

and 9.29. 0     8    0 *>/\ 
M 

The values of W , /f", and P-^p  are known for any altitude, day and 

engine setting, therefore a plot between Pa/p   and W8 can be made at 

various temperatures.   A plot can also be made of Ps/p  vs W for 

ducting system forward of the ejector.   When the values of Pa/p  and 

Wg for the ejector equal the values of Ps/p  and Wg, respectively, for 

the ducting, then the ejector is in balance.   This cross plot of balance 
flow is presented in Figures 9.30 through 9.42. 

" 

. 

I 

j 
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Cooling air will flow into the nose fan cavity, through the hot gas supply 
ducts, into the wing fan cavity, and then out the wing fan closures to the 
outside.   See Figures 9.45 and 9.46 for cavity pressure vs flow in or 
out, and Figure 9.47 for a flow rate vs Ap between the cavities. 

9.3.6 Cooling Fan Outlet Total Pressure 

The outlet total pressure of the small and large cooling fan is a function 
of the chamber pressure, fan speed, air density, flow rate and static 
pressure rise across the fans.   The large fan outlet total pressure vs 
Q and Pj is presented in Figures 9.48 through 9.55.   The small fan 
outlet total pressure vs flow rate and inlet pressure is presented in 
Figurer 9.56 through 9. 63. 

9.3.7 Cooling Air Weight Flow 

The cooling air weight flow from the upper fuselage to the lower fuse- 
lage and from the lower fuselage to the outside is a function of the 
fuselage pressure.   The weight flow through each branch as a function 
of fuselage pressure in the lift fan mode is presented in Figures 9.64 
through 9.'4, aud in the conventional mode is presented in Figures 9.76 
through 9.103.   A balanced total flow into the center and lower forward 
fuselage with the balanced total flow out will give a balanced system 
through each branch such as presented in Figures 9.74, 9.83, 9.102, 
and 9.103. 

. 
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TABLE 9.1
COOUNG AIR DUCT DEFINITION - BOUNDARY LAYER 

BLEED DUCT TO ENGINE BAY 
(See Figure 9.1)

a r /f/i j
t

Tk~cnoK>
A/o.

t1. '~'xi
iaJ.

o
i

1 /2.*5 \ '
\

<>./a 2.4-4-

z t fftH ' ■ r/ ' z fi.02 O. '

3

i

t.} t-f.' i'tr- 
M’i' ' • K

3
'

/.U 3. / i

< 9./ >/. V • 7/ t)
1! ^

J.<33 r.4o J.2 i

fs.i s O.OS /C.t3 4.3

C n.z yjc ■/ •/); -
At

c. 0.14- 5:1

7 I7.Z 7 dZZ A

? n.3 'i <0.03 Z.20 3.9

? /?.c •» *:•••'? ' ; - / 0. 4.20 ' 3.9 ~

/O iS.z /o 0,0^ 4.00 ^.0

// Z0.4- '/'C3-
't

// c.c? 4.4

/^ C‘< •: V .
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TABLE 9.2
COOLING AIR DUCT DEFINITION - LARGE COOLING FAN TO 

BOUNDARY LAYER BLEED DUCT 
(See Figure 9.2)

S'Trt rt •■K ) 
<»/0

—
f *: -»• <1 /»

//O
L

o &/S-

/ 8,15' duAviiJS- - / 3.9 Z.74-

z e.fs- Cuf^\/iu£-
Pec^fipJe/nfii:

z 0.01 ^.4- Z.74-

3 8. IS- ‘S7/n't H r *
^{c’f /7 '(f o;/7».

3 a. Z. 3 Z.74-

a/i- C- -
^trr/!/JSvU\tl.

cP.oJ /Z.3 Z79-

S' iSr/^/9A^S'J-0- 3- O.ol "V.2 ' Z.98

'

^£c’r/<»/'J5v:r.t

G CuKiSmC ~ 
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o.oz S.^
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f^iCTflK>0.UlA7l

? 0,lZ Z.5- Z.9L
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0. Z.9C
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TABLE 9.4 
COOLING AIR DUCT DEFINITION - SMALL COOLING FAN TO 

ELECTRONIC COMPARTMENT 
(See Figure 9.4) 

sear/o/J s* on ort m) 

1 

3 

28.f 

/6.C 

1 

z 

3 4.04- 

s:/ S:Q 

i 

\ 

4- /6.0 4- a 4.5- 4.sr 

S /6.Ö 
cms oip'X 

6- 

a 

z/,/ 9.S 

c 16.0 

+3B.0 7  

/.Ö *s 
7 0. *s 

" 8 +3B,0 

/o 

/f.s- 

0. 

25.7 

2^ 
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TABLE 9.5 
COOUNG AIR DUCT DEFINITION - L.H. LARGE COOLING FAN 

TO CENTER FUSELAGE 
(See Figure 9.5) 

yrrni*/. fit* A ;■.' .*' lor.J r:::} i. / /:.'<.•- t~ Z>H    I 
A? /'lX :■■•'';/.•- / • /v. IV.    ] 

0 ?.? 

/ Ö, J.'/s- 3.ÖZ  | 1        ' 97 ^/■/C^t tf pr- 
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3 f.7 3r«A.A v( T- 3 o. $s 3.öZ1 
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S /Sid /yf/V.'p.Aj^. ^- 0.17. iz.o if/  | 

IT.O ^ u 0. ^^/ £ 

] 

:; 

] 

.i 

'M 

294 

: 



 .      .     wm 

n 

1.1 
.1 

I 
3 

TABLE 9.6 
COOLING AIR DUCT DEFINITION - R.H. LARGE COOLING FAN 

TO CENTER FUSELAGE 
(See Figure 9.6) 

i/wr/«Ai ftfiett seer?of Sk£c rjo*} *-{^) £ J>* 
Mo w*- S*"9f£' A/o //V /A/ 

O 9.7 
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TABLE 9.7 
COOLING AIR DUCT DEFINITION - ELECTRONIC COMPARTMENT 

TO PITCH FAN AIR EJECTOR 
(See Figure 9.7) 

0 
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TABLE 9.8 

COOLING AIR DUCT DEFINITION - CENTER FUSELAGE 
TO FLAP ACTUATOR COMPARTMENT 

(See Figure 9.8) 

yrtmov 
■ 

s£cno AJ stetHtu *(C) L D* 
HO w* SWtT 

* a*s 

IN. 

a. 

O. 

W'— 
O ff,6 
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TABLE 9.9
COOLING AIR DUCT DEFINITION - CENTER FUSELAGE 

TO WING FAN AIR EJECTORS 
(See Figure 9. ^

Vr^-r, ■S5<? r/ o /.J Xrre> ' - 'r^„-f
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TABLE 9.10 
ARDC STANDARD DAY AND ANA BULLETIN 421 HOT DAY ALTITUDE 
CONDITIONS REFERENCED TO ARDC STANDARD DAY SEA LEVEL 

: 
ftLr/n;£>s~rir&7 .L y?' 4 \/J' X 
$   Dfiy PREP F^T Xw 

srwDARb D^y 
3efii     LtVBL AO /.o 1.0 t.o 

S0CO .832/ /.OI76 .w? .Ui£ 
JO, oo o .6*73 I.036Z .7/27 .7179 

£ 0) MO As?? 1. oUt> ts-ff .SHI 
BöfOoa ,Z97S A \ZIZ .3333 .3?3£ 
40, 000 . I8S8 I.IS3Z .a 143 ,Z+i/ 

HOT-  DA y 
Sir/9    /^^"^ 1,0 ,9600 . 7M .9ZZ9 

2,500 .?/f3 ,?6W , VSV t?U? 
S,000 .W? ,r/t>i .dttf .90S? 
/o, ooo .70*/ .W3 .7^33 .?ooZ 

£0,000 .4S?0 /. 03^Z .5-03? .9I?S 
ZbjOOO ,327^ /.07/S .35-/3 .377*- 
40,000 .a/25 1. IZIL .23^3 .2CU 

z| 
( u 

I 
Zlii.Z m/rr^ 
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Figure 9.1   Cooling Air Duct Definition - Boundary Layer 
Bleed Duct to Engine Bay 
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Figure 9. 2    Cooling Air Duct Definition - Large Cooling 
Fan to Boundary Layer Bleed Duct 
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Figure 9.4 Cooling Air Duct Definition - Small Cooling 

Fan to Electronic Compartment 

302 

. 
I 

: 

: 

: 

n 

) 

o 

^m ■ - ■■ - i  -^-^-^      --. !     ■>!■ 
1 J 



: 

) 

COCLIAJG- 

FA)?/ 

Figure 9.5 Cooling Air Duct Definition - L.H. Large Cooling Fan to Center Fuselage 
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Figure 9.6 Cooling Air Duct Definition - R.H. Large Cooling Fan to Center Fuselage 
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Figure 9.7   Cooling Air Duct Definition - Electronic 

Compartment to Nose Fan Air Ejectors 

Figure 9.8   Cooling Air Duct Definition - Center Fuselage 
to Flap Actuator Compartment 

i 

.. 

■ * 

-■ 

. 



) 

CD 

v4 

I 

Figure 9.9   Cooling Air Duct Definition - Center 
Fuselage to Wing Fan Air Ejectors 
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Figure 9.10 Duct Prossure lau» - Cockpit to Cooling Fan 
Compartment Vs Cooling Air Flow - Standard 
Day Sea Level, and Hot Day 2,500 Ft. 
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Figure 9.11 Duct Pressure Loss - Cockpit to Cooling Fan 
Compartment Vs Cooling Air Flow - Standard 
Day 10,000 and 20,000 Ft., and Hot Day 10,000 Ft. 
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Figure 9.12   Duct Presaure l-oss - Fuselage Ports to Cool- 
ing Fan Compurtmenl Vs Cooling Air Flow - 
Standard Day Sea Level, and Hot Day 2,500 Ft. .. 
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Figure 9.13   Duct Pressure Loss - Fuselage Ports to Cool- 
ing Fan Compartment Vs Cooling Air Flow - 
Standard Day 10,000 and 20,000 Ft, and Hot 
Day 10,000 Ft. 
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Figure 9.14   Duct Pressure Loss - Small Cooling Fan to 
Generator Vs Cooling Air Flow - Standard Day 
Sea Level, and Hot Day 2.500 Ft. 
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Figure 9.15   Duct Pressure Loss - Small Cooling Fan to 
Generator Vs Cooling Air Flow - Standard Day 
10.000 and 20,000 Ft.. and Hot Day 10,000 Ft. 
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Figure 9.16   Duct Prossure Loss - Small Cooling Fan to 
Electronic Compartment Vs Cooling Air Flow - 
Standard Day Sea Level, and Hot Day 2,500 Ft. 
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Figure 9.17   Duct Pressure Loss - Small Cooling Fan to 

Electronic Compartment Vs Cooling Air Flow 
Standard Day 10,000 and 20,000 Ft., and Hot 
Day 10,000 Ft. 

313 

HBi 



Vf 

Figure 9.18   Duct Pressure Ix)S8 - L. H.  l-arge Cooling Fan 
to Center Fuseliige Vs Cooling Air Flow - 
Standard Day Sea Level, and Hot Day 2,500 Ft. 
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Figure 9. i9   Duct PrcHsure l-oas - L.H.  Large Cooling Fan 
to Center Fuselage VH Cooling Air Flow - 
Standard Day 1U,000 and 20,000 Ft., and Hot 
Day 10,000 Ft. 
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Figure 9. 20   Duct Pressure Loss - U. II.  Larjjc Cooling Fan 
to Center Fuselage Vs Cooling Air Flow - 
Standard Day Sea Level, and Hot Day 2,500 Ft. 
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Figure 9.21   Duct Pressure lx)88 - U.ll.  Large Cooling Fan 
to Center Fuselage Vs Cooling Air Flow - 
Standard Day 10,000 and 20,000 Ft., and Hot 
Day 10,000 Ft. 

317 

i 



"■■•i 

318 

Figure 9. 22   Duct Pressure Loss - Large Cooling Fan to 
Tailpipe Ejector Vs Cooling Air Flow - Stand- 
ard Day Sea Level, and Hot Day 2,500 Ft. ' 
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Figure 9.23   Duct Prossure IJOHO - Large Cooling Fan to 
Tailpipe Ejector Vs Cooling Air Flow - Stand- 
ard Day 10,000 and 20,000 Ft. , and Hot Day 
10,000 Ft. 
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Figure 9.24   Duct Pressure Loss - Electronic Compartment 
to Nose Fan Ejector Vs Cooling Air Flow - 
Standard Day Sea Level, and Hot Day 2.500 Ft. 
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Figure 9. 25   Duct Pressure liOss - Center Fuselage to Flap 
Actuator Compartment Vs Cooling Air Flow - 
Standard Day Sea Level, and Hot Day 2,500 Ft. 
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Figure 9. 26   Duct Prcssuro liosa - Center Fuselage to Wing 
Fan Ejector Vs Cooling Air Flow - Standard 
Day Sea Level, and Mot Day 2.500 Ft. 
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Figure 9.27   Boundary Layer Bleed Duct Aft Flapper Posi- 
tion Vs Aircraft Mach No. - Standard Day, Sea 
Level, 100% RPM 
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Figure 9. 28   Tailpipe Ejector Weight Flow Itatlo Vs Primary 
and Secondary Pressure Ratio, Pp/P0 = 1.1 to 1.5 
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Figure 9.2!}   Tailpipe EJuctor Weight I'low llatlo Vs Primary 

and Secondary PrcHHure llatlo, Pp/P0 = 1.5 to 3.2 
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Figure 9.30   Tailpipe Ejector Secondary Weight Flow Vs 
Secondary Pressure Ilatio - Standard Day Sea 
I^jvel, 100% HPM and Mach No. =0, 0,1 and 0.2 
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FIcurc 9.31   Tailpipe Kjector Secondary Weight Flow Vs 
Secondary Pressure Ratio - Standard Day Sea 
Level, 100% IIPM and Mach No. - 0.3, 0.4 and 0.5 
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Figure 9.32   Tailpipe Ejector Secondary Weight Flow Vs 
Secondary Pressure Hatlo - Standard Day Sea 
Level, 100% HPM and Mach No. = 0.G, 0,7 and 0.8 
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Figure 9.33  Tailpipe Ejector Secondary Wel|{ht Flow VH 

Secondary PrcBauro fUitlo - Standard Day 
10,000 Ft., 100% KPM and Mach No. - 0, 0.2 
and 0. 4 
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Figure 9.34    Tailpipe Ejector Secondary Weight Flow Va 
Secondary Pressure Itatlo - Standard Day 
10, 000 Ft., 100% UPM and Mach No. - 0. ü and 0. 8 . . 
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Figure 9.35  Tailpipe Ejector Socondury Weight Flow Vs 
Secondary Proasuro lliitlo - Hot Day, 10,000 
Ft. , 100% ItPM and Mach No. * 0, 0.2 and 0.4 
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Figure 9.36 Tailpipe Ejector Secondary Weight Flow Vs 
Secondary Pressure Ratio - Hot Day 10,000 
Ft., 100% RPM and Mach No. = 0. G and 0. 8 
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Figure 9.37 Tailpipe Ejector Secondary Weight Flow Vs 
Secondary Pressure Ititio - Standard Day Sea 
Level, 95% UPM and Mach No. =0, 0.1 and 0.2 
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Figure 9.38  Tailpipe Ejector Secondary Weight Flow Vs 
Secondary Pressure Ratio - Standard Day Sea 
Level, 95% RPM and Mach No. = 0.3, 0.4 and 0.5 
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Figure 9.39   Tailpipe Ejector Secondary Weight Flow Vs 
Secondary Pressure Itatlo - Standard Day Sea 
Level, 95% HPM and Mach No. = 0.6, 0.7 and 0.8 
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Figure 9.40   Tailpipe Ejector Secondary Weight Flow Vs 
Secondary Pressure Ilatio - Standard Day Sea 
Level, 85% KPM and Mach No. =0, 0.1 and 0.2 
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Figure 9.41   Tailpipe Ejeetor Secondary Weight Flow Vs 
Secondary Pressure Ratio - Standard Day Sea 
Level, 85% RPM and Mach No. = 0.3, 0.4 and 0.5 
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Figure 9.42   Tailpipe Ejector Secondary Weight Flow Vs 
Secondary Pressure Ratio - Standard Day Sea 
Level, 85% HPM and Mach No. = 0.6, 0.7 and 0.8 
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Figure 9.46  Nose Fan Cavity Pressure Vs Air Flow Between Fan Cavif.y 
And Outside, and Mach No. - Standard Day, Sea Level 
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Figure 9.48   Large Cooling Fan Exhaust Total Pressure Vs 
Flow Hate and Plenum Chamber Pressure - 
Standard Day, Sea Level, 100% RPM 
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Figure 9.49   Large Cooling Fan Exhaust Total Pressure Vs 
Flow Rate and Plenum Chamber Pressure - Hot 
Day, 2,500 Ft., 100% UPM 
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Figure 9. 50   I^rge Cooling Fan Exhaust Total Pressure Vs 
Flow Hate and Plenum Chamber Pressure - 
Standard Day, Sea Level, 95% RPM .. 
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FtRuru 9. T)!    |,ai*u'o Coolint; Fan Kxhaust Total Prcssuro Vts 
Flow Kate and Plciuiin Chamber Pressure! - 
Standard Day, Sea  Level, K.r)% UPM 
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Figure 9. 52    Large Cooling Fan Exhaust Total Pressure Vs 
Flow Rate and Plenum Chamber Pressure - 
Standard Day, Sea Level, 75% RPM : 
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Figure 9.53   Large Cooling Fan Exhaust Total Pressure Vs 
Flow Kate and Plenum Chamber Pressure - 
Standard Day, 10,000 Ft., 100% RPM 
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Figure 9. 54    Largo Cooling Fan Exhaust Total Pressure Vs 
Flow Rate and Plenum Chamber Pressure - 
Standard Day, 20,000 Ft., 100% RPM 
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Figure 9.55    large Cooling Fan Exhaust Total Prossure Vs 
Flow Hate and Plenum Chamber Pressure - 
Hot Day,  10,000 Ft.,   100% RPM 
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Figure 9. 56   Small Cooling Fan Exhaust Total Pressure Vs 
Flow Rate and Plenum Chamber Pressure - 
Standard Day, Sea Level, 100% RPM 
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Figure 9.37   Smill Cooling Fan Exhaust Total Pressure Vs 
Flow Kate and Plenum Chamber Pressure - 
Hot Day, 2,500 Ft.,  100% HPM 
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Figure y. 58   Small Cooling Kan Exhaust Total Pressure Vs 
Flow Rate and Plenum Chamber Pressure - 
Standard Day, Sea Level, 95% RPM 
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Figure 9.59   Small Coollnj; Fun Exhaust Total Pressure Vs 
Flow Hate and Plenum Chamber Pressure - 
Standard Day, Sea U'vel, 85% UPM 
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Figure 9.60   Small Cooling Fan Exhaust Total Pressure Vs 
Flow Rate and Plenum Chamber Pressure - 
Standard Day, Sea Level, 75% HPM 
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Figure 9.61   Small Cooling Fan Exhaust Total PreBsuro VH 

Flow Hate and Plenum Chamber PresHuro - 
Standard Day, 10,000 Ft., 100% UPM 
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Figure 9.62   Small Cooling Fan Exhaust Total Pressure Vs 
Flow Hate and Plenum Chamber Pressure - 
Standard Day, 20,000 Ft. , 100% UPM 
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Figure 9.63   Small Cooling Fan Exhaust Total ProHsuru VB 

Flow Rate and Plenum Chamber PrcHsure - 
Hot Day,  10,000 Ft. , 100% UPM 
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Figure 9.64    Cooling Air Weight Flow - Cockpit to Cooling 
Fan Compartment Vs Fuselage Pressure and % 
RPM - Fan Mode, Standard Day, Sea Level 
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Figure 9.65   Cooling Air Weight Flow - Fuselage Ports to 

Cooling Fan Compartment Vs Fuselage Pres- 
sure and % UPM - Fan Mode, Standard Day, 
Sea Ixivel 
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Figure 9. Gfi Cooling Air WtiKJit Flow - Small Cooling Fan to 
Electronic Compartment Vs Fuselage Pressure 
and % RPM - Fan Mode, Standard Day, Sea Level 
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Figure 9.67   Cooling Air Weight Flow - Small Cooling Fan to 
Generator Vs Fuselage Pressure and % HPM - 
Fan Mode, Standard Day, Sea Level 
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Figure 9.68   Cooling Air Wright Flow - L. II.   Large Cooling 
Fan to Center Fusolago Vs Fuselage Pressure 
and % RPM - Fiin Mode, Standard Day, Sea Level 

■ 

Figure 9.(59   Cooling Air Weight Flow - U. 11.  Large Cooling 
Fan to Center Fuselage Vs Fuselage Pressure 
and % ItPM - Fan Mode, Standard Day, Sea U'vel 
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Figure 9.70 Cooling Air Weight Flow - Large Cooling Fan 
to Tailpipe Ejector Vs Fuselage Presaure and 
% RPM - Fan Mode, Standard Day, Sea Level 

Figure 9.71 Cooling Air Weight Flow - Center Fuselage to 
Wing Fan Cavity Vs Fuselage Pressure and % 
11PM - Fan Mode, Standard Day, Sea Level 
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Figure 9. 72    Cooling Air Weight Flow - Forward Fuselage to 
Nose Fan Cavity Vs Fuselage Pressure and % 
ItPM - Fan Mode, Standard Day, Sea Level 

Figure 9. 7.'J   Cooling Air Weight Flow - Wing and Nose Fan Ejectors 
and Flap Actuator Slot to Outside Vs Fuselage Pressure 
and % RPM - Fan Mode, Standard Day, Sea Level 
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rigure 9.74   Cooling Air Weight Plow - Balance of Flow Thru 
Thu Lower Fuselage VH Fuselage Pressure and 
% IIPM - Fan Mode, Standard Day, Sea Level 
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Figure 9.75    Cooling Air Weight Flow - Cockpit to Cooling 
Fan Compartment Va Fuselage Pressure and % 
ItPM - Conventional Mode, Standard Day, Sea 
Level 
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Figure 9.76    Cooling Air Weight Flow - Fuselage Ports to 
Cooling Fan Compartment Vs Fuselage Pres- 
sure and % RPM - Conventional Mode, Standard 
Day, Sea Level 
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Figure 9.77 Cooling Air Weight Flow - Small Cooling Fan to 
Electronic Compartment Vs Fuselage Pressure 
and % HPM - Conventional Mode, Standard Day, 
Sea Level 

Figure 9.78    Cooling Air Weight Flow - Small Cooling Fan to 
Generator Vs Fuselage Pressure and 9f> FiPM - 
Conventional Mode, Standard Day, Sea Level 
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Figure 9.79  Cooling Air Weight Flow - L.H. Cooling Fan to 
Center Fuselage Vs Fuselage Pressure and % RPM - 
Conventional Mode, Standard Day, Sea Level 

Figure 9. 80  Cooling Air Weight Flow - R.H. Large Cooling Fan 
to Center Fuselage Vs Fuselage Pressure and % RPM 
Conventional Mode, Standard Day, Sea Level 
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Figure 9. 81   Cooling Air Weight Flow - Large Cooling Fan to 
Tailpipe Ejector Vs Fuselage Pressure and % RPM - 
Conventional Mode, Standard Day, Sea Level 

Figure 9.82  Cooling Air Weight Flow - Wing and Nose Fan Ejectors and 
Flap Actuator Slot to Outside Vs Fuselage Pressure and % 
RPM - Conventional Mode, Standard Day, Sea Level 
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Figure 9. HU Cooling Air Weiuht Flow Balance of Flow Thru the 
Lower Fuselage Vs Fuselage Pressure and % RPM 
Conventional Mode, Standard Day, Sea Level 
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Figure J). 84   Cooling Air Weight Flow - Cockpit to Cooling Fan Com- 
partment Vs Fuselage Pressure and % RPM - Conventional 
Flight Mode, Standard Day, Sea Level, Mach No. = 0.2 
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Figure 9.85  Cooling Air Weight Flow - Cockpit to Cooling Fan Com- 
partment Vs Fuselage Pressure and % RPM - Conventional 
Flight Mode, Standard Day, Sea Level, Maeh No. = 0.4 
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Figure 9.86  Cooling Air Weight Flow - Cockpit to Cooling Fan Com- 
partment Vs Fuselage Pressure and % RPM - Conventional 
Flight Mode, Standard Day, Sea Level, Mach No. - 0.(5 and 0.8 
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Figure 9.87   Cooling Air Weight Flow - Fuselage Ports to Cooling Fan 
Compartment Vs Fuselage Pressure and % RPM - Conven- 
tional Flight Mode, Standard Day, Sea Level,  Mach No. =0.2 ' 
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Figure 9.88   Cooling Air Weight Flow - Fuselage Ports to Cooling Fan 
Compartment Vs Fuselage Pressure and % RPM - Conventional 
Flight Mode, Standard Day, Sea Level, Mach No. = 0.4 
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Figure 9.89  Cooling Air Weight Flow - Fuselage Ports to Cooling Fan 
Compartment Vs Fuselage Pressure % RPM - Conventional 
Flight Mode, Standard Day, Sea Level, Mach No. = 0. (> and 0.8 
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Figure 9.90   Cooling Air Weight Flow - Small Cooling Fan to Flectronie 
Compartment Vs Fuselage Pressure and "I RPM - Conventional 
Flight Mode, Standard Day, Sea Level, Mach No. = 0.2 and 0.4 

Figure 9.91   Cooling Air Weight Flow - Small Cooling Fan to Flectronie 
Compartment Vs Fuselage Pressure and % UPM - Conventional 
Flight Mode, Standard Day, Sea Level, Mach No, =- 0. (i and 0. S 
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Figure 9.92   Cooling Air Weight Flow - Small Cooling Fan to 
üeneratora Vs Fuselage Pressure and % HPM - 
Conventional Flight Mode, Standard Day, Sea 
Level, Mach No. » 0.2 and 0.4 
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Figure 9.9;}   Cooling Air Weight Flow - Small Cooling Fan to 
(Jenerators Vs Fuselage Pressure and % ItPM - 
Conventional Flight Mode, Standard Day, Sea 
Level, Mach No. «= 0. (1 and 0. H 
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Figure 9.94   Cooling Air Weight Flow - L.H. Large Cooling Fan to Ceiter 
Fuselage Vs Fuselage Pressure and % RPM - Convention I 
Flight Mode, Standard Day, Sea Level, Mach No. >= 0.2 und 0.4 
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Figure 9.95  Cooling Air Weight Flow - L.H. Large Cooling Fan to Center 
Fuselage Vs Fuselage Pressure and % RPM - Conventional 
Flight Mode. Standard Day, Sea Level, Mach No. =0.6 and 0.8 
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Figure 9.96    Cooling Air Weight Flow - R. H. Large Cooling 
Fan to Center Fuselage Va Fuselage Pressure 
and % RFM - Conventional Flight Mode, Stand- 
ard Day, Sea Level, Mach No. =0.2 and 0.4 
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Figure 9.97   Cooling Air Weight Flow - R. H. Large Cooling 
Fan to Center Fuselage Vs Fuselage Pressure 
and % RPM - Conventional Flight Mode. Stand- 
ard Day, Sea Level, Mach No. =0.0 and 0.8 
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Figure 9.98   Cooling Air Weight Flow - Large Cooling Fans 
to Engine Bay Vs Fuselage Pressure and % 
RPM - Conventional Flight Mode, Standard 
Day, Sea Level, Mach No. =0.2 and 0.4 
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Figure 9.99   Cooling Air Weight Flow - Center Fuselage to 
Wing Fan Air Ejectors Vs Fuselage Pressure 
and Mach No. - Conventional Flight Mode, 
Standard Day, Sea Level 
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Figure 9.100   Cooling Air Weight Flow - Center Fuselage to 
Nose Fan Air Ejectors Vs Fuselage Pressure 
and Mach No. - Conventional Flight Mode, 
Standard Day, Sea Level 
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Figure 9. 101    Cooling Air Weight Flow - Outside to Nose Fan 
Cavity Vs Fuselage Pressure and Mach No. - 
Conventional Flight Mode, Standard Day, Sea Level 
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Figure 9.102   Cooling Air Weight Flow - Balance of Flow Into 
and Out of the Lower Fuselage Vs Fuselage 
Pressure and % UPM - Conventional Flight 
Mode, Standard Day, Sea Level, Mach No. 
= 0.2 and 0.4 
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Figure 9.103   Coolin« Air Weight Flow - Balance of Flow Into 
and Out of the lx>wer Fuselage Va Fuselage 
Pressure ami % It I'M - Conventional Flight 
Mode, Standard Day, Sea Level, Mach No. 
- 0. G and 0. 8 
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y.4        THERMAL ANALYSIS I   

The structural boundaries, functions, and operation of the areas dis- 
cussed in this section have been described In Section 3. 0.   The proce- 
dures used in this analysis were taken mainly from References 12, 14, 
and 15. 

9.4.1   Cockpit Air Temperatures 

The cockpit is ventilated by air drawn through gaps at the canopy 
closure.   In the turbojet mode, cockpit air is made up largely of 
boundary layer air.   In lift fan mode, it is made up largely of locally 
induced environmental air.   As a result, cockpit inlet air temperatures 
are affected by climatic conditions (day and altitude), by aircraft flight 
speed and/or Ingestion effects.   Short of some form of air conditioning, 
there is no practical way of reducing cockpit air temperatures in the con- 
ventional mode.   In the fan mode, relocation of cockpit air inlet may 
permit cockpit inlet air to approach ambient air temperatures. 

Cockpit heat loads include inputs from the following:  solar irradiation, 
crew and equipment aerodynamic heating, hot gas Ingestion, heat trans- 
fer from walls, floor, and bulkheads. 

Figures 7.78 and 7.79 present estimated cockpit temperatures vs air- 
craft speed altitude and day for conventional operation.   Estimated tem- 
peratures were calculated as follows: 

At*u  =  ^T*»  = ^rM2T     „ AH AH 2 AMB 

where for r = 0. 89 and k = 1.4 

^ At       =   0.178 M2 T    .„ 
2 AH AMB 

Additional Heating Z| 
<- 2 
. ■ Solar heat constant = 270 Btu/hr ft 

al 2 
Projected area of the canopy = 20 ft 

"SOLAR 
= M00 «^ 

"CREW " 6Ü0 Btu/1,r 
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^T 

. 

At      =  Temperature rise due to solar energy and the crew 

At 
qSOLAR + qCREW       6.9 

SC W   C   3600 
3    Pa 

W 

W    =  Cooling Air Flow rate; lb/sec 
a 

Total Temperature Rise, Atsc 

At     = At      + At T AH        SC 

t    "  t,.,,, +AT c AMB t 

Example; 

Conditions:   Hot Day, Sea Level, Mach =  .6 

T   w„   =   103° F + 460 - 563<>R 
AMB 

W     =   1.10 lb/sec 
a 

AtAH  = (—^j (• 89) (. 6)2 (103 + 460) 36 

AT    =  ATAU + AT  _   =   36 + 6.3  =   42.3 
t AH SC 

t    =  t     1+ATr„ =   103 + 42.3  =   145.3° F 
c        amb T 

9.4.2   Cooling Fan Compartment Inlet Port Air Temperature - Turbojet 
Mode 

The free stream air passing the inlet is sucked into the cooling fan com- 
partment when the high speed stream is brought to near stagnation condi- 
tion: 

At        =  0.178 M   TAWT1 AH AMB 

and for hot day sea level conditions at M = 0.6 
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AtA„   =  36° F as above 
AH 

9.4.3   Cooling Fan Compartment Air Temperature 

The cooling air enters the cooling fan compartment from the cockpit, 
fuselage ports and generators.   Assuming complete mixing of the air, 
the resultant temperature is a function of the weight flow and tempera- 
ture of each flow.   A plot of cooling fan compartment temperature vs 
aircraft speed is presented in Figure 7. 82. 

Setting Cp   equal for all flows 

W    t    + W t   + W t    =   (W„ + W   + W ) t 
GG        cc        pp G        c        pm 

since t _ - f (t   ) 
O m 

(t^-t   ) G   m'       W   C 
G   P, 

VG   =  Vm + C 
G 

a 

7r-+ W t   + W t    =   (W   + W ) t 
C cc        pp c        pm 

o 
CQ 
t 
& 

< 
> 
a. 

> 

i 
m 

Ti/Cp   + W t   + W t 
 a       c c        p p 

W   + W 
c       p 

Example: 

Hot Day, sea level, M - .6 

Cockpit Air 

See cockpit air temperature analysis 
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, 

t    =   145.3° F             W    - 
c                                  c 1. 10 

Fuselage Port Air 

See fuselage port inlet air analysis 

f,    =   I390F              W    =   3. 
P                                    P 

62 

Generator Air Temperature 

. 

See Generator air temperature analysis 

q^/c     =   5.05/. 24   =   21.04 G    p 

m 

m 

f\JC     + W t   + W t 
G    p          c c        p p 

a  
W   + W 

c       p 

21. 04 + 1.10 (145. 3) ^ 139 (3.62) 
4.72 

21.04 + 159.83 +503.14 

9.4.4   Temperature Rise Across the Cooling Fans 

The minimum temperature rise across the fan is approximated by as- 
suming a reversible adiabatic compression process.   Thus 

P     T 
2*  l2 
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k-1 
k 

■ m v- ■ © 
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m 

This is a minimum value. 

ifci- 
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Small Cooling Fan 

■ 

T    -   (1*1*1) 
2        U4.69/ 

.285 
T      =   1.021"»T 

m m 

T   - T      =   .0216 T 
2        m m 

Large Cooling Fan 

/16.20\ 
W4.69/ 

,285 
T      -   1.0283T 

m m 

T0 - T      =   .0283 T 
2       m m 

Example: 

Hot Day, Sea level. Mach  =   .6 

Small Cooling Fan 

At  =  AT  =   .0216T      =   13.03 since T      =  t    +460 
m mm 

T      -   460+ 144.9   =   604.90R 
m 

t     =   t     ^ At   -   144.9 H 13.0   -   157.9 
£ m 

Large Cooling Fan 

t 

< 
> 
a. i 

At  -   .0283 T      -   17.08 
m 

t2   -   144.9 +17.1   -   1(12.0 

A plot of the cooling fan exhaust temperature vs aircraft speed is pre- 
sented in Figure 7.81. 
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. 

q     =  4. 69 Btu/sec. 

q^,, .65  ■  4.69 Btu/sec. 
ul 

q^,   =7.22 Btu/sec. 
ui 

Aq^  =  Heat rejected  =   (q^, - q^,)  =  7.22-4.69 =  2.53 Btu/sec 
(J til      o 

^G   =  WGCp   At 

a 

At 
2.53 10.52 

G       W^ C W^ 
G    p G 

a 

9.4.5   Generator Air Temperature 

A constant power of 165 amps at 30 volts is available between 80% and 
100% engine RPM per generator. 

Generator Efficiency ■  65%. 

165x30 ■  4.95KW/GEN =   4.69 Btu/sec.   =  q_ 

388 

Example: 

Hot Day, sea level, M = .6 

W_  =   .70/2  =   .35 lbs. air/generator 
G 

"G = ^ ' 30 deg- 

A plot of generator discharge temperature vs aircraft speed is presented 
in Figure 7.80. 

. 
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9.4.6   Temperature Rise Across the Hydraulic Oil Cooler 

From:  Stewart-Warner Corporation 10-12-62 
Performance - 8407C Oil Cooler 

The effectiveness factor (E) is given by the relationship 

TOIL IN " TOIL OUT 
-^ T  = E 
OIL IN ' AIR IN 

For E = 0.9, ATn„   = T ¥ T„ - Trt„ ,„„, OIL    OIL IN   OIL OUT 

= •
90(T

OILIN"
T

AIRIN
) 

qAIR "  qOIL 

w c     er - T ^ = w c    rr T \ 
a  p    l  AIR OUT       AIR IN' op   l OIL IN       OIL OUT' 

A O 

w Cp 
AT

A 
=
 VTC^^^^OILIN^AIRIN» 

a    Pa 

C      =   .455 C      =   .24 
P P o 'a 

W 

AT     =   1.706 —- (T - T ) 
A WA 

l  OIL IN       AIRIN' A 
Q 
m 
S Example: 

Hot Day, sea level, Mach = .6 

aB Wo =   Igal./min =  7.15 1b/min 

W    =   . 88 lb/sec/Hyd Oil Cooler 

T ■   155° F from Temp Rise Across the Small Fans 
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#■ 

■ 

4TA =   I-70e (tif) ,TOIL IN - 155»  '   •23° "'OIL IN " 155> 

Set  T 
OIL IN 

AT 
AIR OUT 

200 

250 

300 

10 

21 

33 

165 

176 

188 

9.4.7   Engine Bay Inlet Air Temperature 

, 

The temperature of the engine bay inlet at the top, inboard, forward 
corner is a result of the mixed air from the boundary layer bleed duct 
and the large cooling fan as shown in the schematic below.   A plot of en- 
gine bay inlet time vs aircraft speed is presented in Figure 7.87. 

BOUNDARY 
LAYER 
BLEED DUCT 

t 
AMB 

ENGINE 
BAY 

LARGE COOLING FAN 

'■" 
EVV   t    + W  ♦ 

wt B B        F F 

Z-rfW 
W„ + W , 

B        F 

390 

For Large Cooling Fan exhaust temperature, t   , see Section 9.4.4. 
F 

. 

— ^ -«,..   ,   ■..■■.. ^  ' 



■"^ppl 

1* 
to 

a. 

Boundary layer bleed duct, t 
B 

2 
t=t +At        =t +0.178M   T 
B AMB AH AMB AMB 

Example: 

Conditions:   Hot Day, Sea Level, Mach = 0.6 at M = 0. 6 W   = 0 
F 

t    =   t 
i        B 

t =   103°F 
AMB 

t_   =   103 + 0.178 (. 6)2 (563) 
B 

-   103 + 36   =   139° F 

9.4.8   Center Fuselage Air Temperature Analysis - Lift Fan Mode 

During VTOL mode, hot gases flow through the fan supply ducts and 
leave the wing fans on the inboard quadrants.   The hot gases leaving the 
fans impinge on the lower section of the center fuselage. 

The center fuselage air will be heated by the following: 

1. Heat Transfer from the supply ducts to the air. 

2. Heat Transfer from the canoe to the air. 

3. Mass transfer of the fuselage air recirculating between the duct 
g and shroud. 

£■ 4. Mass transfer of wing fan hot exhaust gas into the fuselage. 

^.1 5. Mass transfer of hot gases from the supply duct Joints. 

Example: 

Standard Day, Sea Level 

100% RPM, Lift Fan Mode, Static Condition 

■■™3f    . ..■;*§ 
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"VT 

•u u.. «: "? 
£ »h ^ ^ 
tt > i ^ 
•^1 -1 

a ^^J 

vc o 
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Assume complete mixing of all gases. 

1. Heat Transfer from the Supply Ducts to the Air 

2 , 
Duct Area*    A  =   23.6 ft /Both engines 

'■■IP 

i 

B  =   9. 0 ft /Both engines 

C  =   21.0 ft /Both engines 

*See Figure 9.104. 

HOT GAS 
TEMP 

HOT 
GASES 

rvi 

STATIONS 

3 4 

AIR 
GAP 

W 
H 
< 

Q 

FUSELAGE 
AIR TEMP. 

■25-^|     ^ .50 -|      [*-. 25 

o 
pq 

CD 
Overall Heat Transfer 

t I A 
1        X2-3        1        X4-5        1 + - + . + . +  

hl-2     k2-3     h3-4     k4-5 5-6 

k4-5   =  2-1 
BTU IN      4-5 

HR ft2 0 F k4-5 

025 -2 
=   1.19x 10 

2.1 
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. _ BTUIN        2-3        .025        ,     A -4 
k2-3  "   135 — k   "  ToT- «   1.84 x 10 

HRPT   0F k2-3 135 

1-2 

.0384 /R 
(\) 

I 
4 

PC   V 
p    m       1 + (l.5 Pr"1/6)  /Re   \"1/8 (P -1) 

P  =   . 047 lb/ft' 

Equation 814, 

Reference 16 

C    =   . 27 BTU/lb 0 F 
P 

P    =   .70 
r 

(Pr)"l/6   =   1.061 

V      =   645 ft/sec 
m 

.   DPV=   ■ 92 (.047) (645)   c   ,  ^ „ ^ 

^ ^ 2.68x 10 
-5 

-1/4 
/R     \ =   .0313 
(    ed) 

/R     rl/8   =   .177 
(   ed) 

PC  V^   =   (.047) (.27) (645)   =   8.18 

8.18 (3. 84) (3.13) 
ll-2        1 + 1.59 (.177) (-.3) (3.6xlo3f£U38.: 

hl-2        38-5 
.026 
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~T~~      ■■ 

3-4 

h„ ^   =   h + h 
3-4 c„  .       r„ , 

3-4 3-4 

h    =  Convective Heat Transfer Coeff. 
c 

h    =   Radiation Heat Transfer Coeff. r 

D SI -12 
h =   aF ,,        -1—= where a =   1730 x 10 

r    , A„ ^      T^ - T„ 
3-4 3-4 D       S 

3-4        1 3 / 1 
— + — 

3        4      4 
(j..,)  h'-^i-h-1) 

=   .107 

h =   185 
r3-4 

4 4 
(TD/1000)    " (TS/1000) 

T    - T 
D       S 

Set T     =   1610 0R 

T     =   1460 0R 

h =   185 (6.72-4.54)        269 

r3-4 150 

o 
m 
SO 

I 
LOG ~  =   * (N     ) kc„  , Gr 

3-4 

N 
Gr 2      1   yl   2' 

ß = ~ä =   7.8xlO~4oR"1 
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, 

2 -10     2 ,      2    2 
/i    =   5.86 x 10       lb /sec   ft 

2 -32,2 
7     =   3. 6 x 10     lb /ft 

g  =   32. 2 ft/sec 

D 3  =  7.8x lO-1 ft3 

AT  =   100 

(3.6x 10~3) (7.8x 10~4) (3.22x 10) (7.8x lO*1) 12 
NGr  =   Tii Xl0 

=   1.20x 10 

LOG-^  =   .04 
C3-4 

396 

c3-4 
k  Bl'10 hc3-4   =   1'10(-36) 

c3-4 
=   .8 

h0  A        2.69 + .8 
3-4 

=   .286 

5-6 

hc  ,,   =   h +h 
5-6 c^ „      r^ „ 

5-6 5-6 

1/4 
h =   .27 (—) =   .27 (4.73)   =   1.28 

C5-6 

h =  aF 
r5-6 A5-6 

4 H 

V   Bo/I000/      '   0/iooo/ 
T      - T 

s o 
o 

   .,-...1 ., ^--. .    -   ,., ^ -  - 



1 
A5-6       J-.J--! 

36     .8 

=   .33 

h _   571 (2.518 - .254) 
r5-6 550 

2.35 

h =   1.28 + 2.35   =   3.63 

=   .275 
"5-6 

where  Wa  .   3.78 from Figures 11.68 and 11.69. at Fuselage Press 

§ 
3 

a I 

=   5"H O 

2. Heat Transfer from Canoe Panel to Air 

2 
Area of Canoe  =   36 ft 

h   =   . 19 (AT)1/3  =   1. ii 

i 

q 'i-'e '.-'« 
A .026+ .0018+ .286 + .012 +.275 .599 

'. 
- t6   =   1150 

A =   53. 6 ft2 

q   =   102, 912 BTU/HR  =   28.6 BTU/SEC 

At  = 28.6 
WC 3.78 (.24) 

a 

=   32° F 

q   -   hAAT  =   8000Btu/HR  =   2.2Btu/SEC 

AT  =   ^—  =   a» 
3.78(.24)        d 
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3. Heat Transfer to Fuselage Air by Reclrculatlon Between Ducts 
and Shroud 

(q to fuse air)  =   (W      .    .. ,.    ) C     At 
recirculation     p       a 

a 

AT  =   900-137   =   763 

(Q to Fuse Air) 
At    = 

a WT, *.     c 

Fuse Air    p 
a 

at W      .      , _      =   . 1 lb/sec assumed 
recirculation 

q   =   .1 (.24) (763)   =   18.3 Btu/Sec 

At =       18,3       =   20° 
FusAir       3.78(.24) 

See Figure 9.105 

4. Mass Transfer of Hot Wing Fan Exhaust Air Into The Center 
Fuselage 

w„ t^ + W„ 
F   F        H 
wF. wH 

'H F  =   Fuse. Air 
H  =   Hot Gas 

at  T_  =   100° F 
F 

WH   =   .3 

W_ =   3.78 
F 

tH   -   300 

t      =   114° 
m 

At  =   14° 

5. Duct Joint Leakage 

The duct joint leakage rate cannot be predicted, therefore the 
fuselage air temperature must be plotted against duct Joint leak- 
age in % engine hot gas flow. 
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i 
Figure 9. 105  Center Fuselage Air Temperature Rise Vs Recireulation of 

Fuselage Air Between Supply Duct and Shroud - Fan Mode 
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VW 

' 

The temperature rise is a function of the temperature and weight 
flow of the hot gas leakage. 

t 
WFtF * WL 'L 

Wp+WL 

See Figure 7-77 for results. 

9.4.9   Lift Fan Cavity Air Temperature - Turbojet Mode 

Wing Fan 

The wing cavity temperature is a function of the mixing of cooling air and 
hot diverter valve leakage.   The cool air comes from the fuselage and 
pitch fan cavity. 

M 

Wt   +Wt    +Wt 
#Wt pp        F F        H H 
\„    " W   + W„ + W„ 
JW p        F        H 

Kxample: 

1 

. 

Standard Day, sea level, 100% RPM 

M 

W t 
H H Wt 

lb/sec H H 

W 
P 

lb/sec 
P 
F W t 

PP 

0 .304 1240 377 0 60 0 

.1 .354 1241 439 .28 60 16.8 

.2 .361 1244 449 .63 60 37.8 

.3 .370 1247 461 1.02 61 62.2 

.4 .381 1247 475 1.45 62 89.9 

.5 .396 1248 494 1.91 63 120 

.6 .412 1247 514 2.39 64 153 

.7 .435 1239 539 2.75 66 182 

.8 .428 1230 526 2.87 68 195 

*W     =   0. 8% of engine air flow at the diverter valve inlet. 
H 

♦*W     -   0. 5 sum of flow rates read from Figures 7.60 and 7.63. 
P 
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M 
F 

lb/sec 
F 

"F'F rW »Wt m 

0 .32 90 28.8 .624 405.8 650 

.1 .32 90 28.8 .954 484.8 508 

.2 ,33 90 29.7 1.321 516.5 391 

.3 .37 90 33.3 1.760 556,5 316 

.4 .45 90 40.5 2.281 605.4 265 

.5 .54 90 46.6 2.846 660.6 232 

.6 .60 90 54.0 3.402 721.0 312 

.7 .64 90 57.6 3,825 778.6 203 

.8 .67 90 60.3 3.968 781.3 197 

*W    =0,5 value read from Figure 7.57. 

Calculate and plot tm vs Mach No. for various RPM's and terminate each 
RPM curve at stable flight condition. 

Nose Fan 

Calculate the pitch fan cavity temperature in the same manner as the 
wing fan. 

W t   + W  t    + W  t 
oo        F F        H H 

m W   + W+ W. 
o        F        H 

■ 

CQ 

< 
> i 

9.4,10 Wing Fan Ejector Air Temperature During Forward Fan Flight 

The static pressure at the wing fan ejectors will vary with respect to the 
cross flow at the fan during forward flight as shown by the plots of (Ps- Pa)/ 
qs vs Tc

s and ßv in Figures 9.106 and 9.107 (Reference 17) 

where 

ooo     F 
T      /A+ q ooo    F      o 

«=  Slip Stream Thrust Coefficient 
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and 

ooo 
__— + q    =  sup stream Dynamic Pressure 
AF        0 

At trimmed flight for any velocity and ßv value, Tc
s and qs are given, 

therefore Ps-Pa at the ejector is known.   With a system pressure dif- 
ferential known, the weight flow of cooling air is obtained from the sys- 
tem performance. 

During operation in the fan mode, a scroll leakage of .2% W„ may occur 
into the cooling air.   The temperature of the mixed flow is a function of 
the weight flow and temperature of the two flows. 

M 

W t   + W  t 
jWt c c        H H 
* W   + WTI 
jW c        H 

Example: 

Hot Day, 2500 feet 

a   =   0 

/3    =   6° 
s 

CG. at Sta. 246 

GW  =   9200 lbs. 

Trimmed Flight Conditions: 

V 
p 

Knots 
^v 

Deg. 
TS 

c 

s 
q 

#/ft2 

0 0 1.0 210 

35 10 .984 224 

54 20 .965 243 

70 30 .942 247 

8(5 40 .922 278 

95 45 .914 308 
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Scroll leakage 

W        =38.5 lb./sec. 
gas 

13% To Pitch Fan = 5 lb. /sec. 

W   To Wing = 33. 5 lb. /sec. 

W    /Side of Wing Fan = 16.7 lb./sec. 
H 

Leakage at .2% = 1G.7 (. 002) = .033 lb./sec. at 1140° F 

o 

to 

VH =   37.6 

Sett 
c 

=   150° F 

AFT AIR EJECTOR 

V 
P 

Knots 

W 
c 

lb/sec. 
W t 

c c Z^wt Z-(W 

t 
m 

0F 

0 .310 46.5 84.1 .343 245 

20 .298 44.7 82.3 .331 249 

40 .273 40.9 78.5 .306 256 

60 .239 35.8 73.4 .272 269 

80 .200 30.0 67.6 .233 290 

95 .180 27.0 64.6 .213 303 

FORWARD AIR EJECTOR 

V 
P 

Knots 

W 
c 

lb/sec. 
W t 

c c 2-rwt V 

0 .280 42.0 79.6 .313 254 

20 .290 43.5 81.1 .323 251 

40 .304 45.6 83.2 .337 246 

60 .326 48.9 86.2 .359 240 

80 .346 51.9 89.5 .379 236 

95 .360 54.0 91.6 .393 233 
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p -p 
S £3        8 

Figure 9.106   Wlng Fan Forward Air Ejector - T     Vs  
c qs 

404 

——-—i—■■«■■*■ 



 ,—__—^ ™—m _ 

^r; 

o 
m 
CO 

Z| 

ft I 
P -P 

Figure 9.107   Wing Fan Aft Air Ejector - T 8 Vs -f i 
c qs 
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9.4.11 Engine Bay Heat Transfer Analysis 

Each engine is enclosed by a bay from the turbine casing to the tailpipe 
(see Figure 9.108).   The engine has three distinct components in the en- 
gine bay, the turbine casing, diverter valve, and bellows.   The turbine 
casing has a step temperature drop at the turbine blades, therefore the 
turbine casing may be analyzed as two units. 

Turbine Casting, Section 1 and 2 

The heat balance schematic is shown in Figure 9.109.   It is assumed 
that no heat flow occurs through the forward bay enclosure. 

Basic Heat Transfer Equations 

q,  =   UA    (T  -T  ) 
i i   Tv  G    T' 

q =  hrT,Am (T   -T  ) C
T  A T  T y   T     A' 

qR     =  "Vf 
P 

/      4 4\ 
q =   aF   A      IT     -T 
% W  f     \   T      W  / 

HR„ F  f,,  \   T       F   / 
F F ' 

qR     =   ffFXAT (TT4-TX4) 
X 

W-A 

C„  . P   P     F     A' P-A 

\.A  '  hFAF (TF"TA) 
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COOIIHG- 
AIR OUT 

Figure 9.108   Heating and Cooling Schematic - Engine Bay 

• T0 ■Ho//£ycotA'&    PtiHec 

o 

CO 

i 

iiuufjiiiuttitmiHtttz 

'jy      TPi    1& 

rzooR 

Figure 9.109  Forward and Aft Turbine Casing Heat Flow Schematic 
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1 

qKp 
= -rAp (^o"1".) 

\ - "VF (TP4-TB4) 

■»S-B "  hBAF (TF-TB' 

M   O O   P I   P      ol 

Qr, =  ffF^A,, (T       -T     \ HR O   P I   P        o   / 
O V     o           / 

*q       - Only 20 percent of the radiation leaving the turbine 
X      casing and reflecting from the walls will return to the 

turbine casing to be absorbed or reflected.   The other 
80 per cent will reflect from the walls to the diverter 
valve and bellow sections.   See Figure 9.108. 

Areas - ft : 

Section 1 Section 2 

AT 
1.12 .93 

AW 
.62 .51 

AF 
.50 .42 

AP 
.90 .74 

At 
P 

.64 .64 

\ 
.42 .42 

\ 
.34 .34 
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Emissivities - Both Sections 

£T 
"' .80 

e 
Pl 

= .10 

e 
Po 

= .80 

e 
w 

= .15 

eF 
=; .15 

€B 
= .80 

Turbine Casing Overall Transfer Coefficients 

Section 1 U   = 40 

Section 2 U    =   88 

Example; 

Standard Day 

Sea Level 

Static Condition 

2) 100% RPM 

T^,   =   1320° F  =   1780 0R 
(J 

T     =   70° F  =   530 0R 
A 

T_   =   150° F  =   610 0R 
13 

T     =   60° F  =   520 0R 
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.6 
h     =   .0194 (PV)       =   .0194 [2116x3] .6 

T-17D-4 
(530)'17(1.416)'4 

=   1.14 

V - - if) 
1/4 

■" a 
1/4 

=   1.03 

1/4 1/4 
h     =   .29 

w 
/AT \  ' OQ / 530 \ A^ 

1/4 1/4 

v = -(f)   --S)   — 
u ,o /AT\1 /300\1/4 

„   =.29(f)
1/4..29(JiL)1/4 

O \X/ 13.58/ ,65 

Fx   =   ,9 (.80)   =   .72 

F     =   .8 
o 

1 
W         1        1       ,        1.25+5.66 — + 1 

eT    eW 

=   .145 

1 

P       J_ + _i_    l        1.25 + 9.0 
eT     ep" 

=   .097 

F      _1+J_    j        1.25 + 5.66 
€T     eF" 

=   .145 

B       J.+_l_    j        1.25 + 5.66 
eF     V 

=   .145 
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'Mi 

I 

K   for the Honeycomb Panel  =   .43 Btu/hr. ft* 0F/in. 

I =   1 in. 

K 
=   .43 

Set T    =  300° F  =  760° 
x 

R \iölö/   = • 334 

Heat Transfer Equations 

q  =  heat flux BTU/HR 

SECTION 1 

qi  =  ^-^TQ-V 

qc =  1.28 (T-T) 
T-A r       A 

qR_  =   120 

qR    =119 
w 

q       = 96 
RF 

((^)4-(^)4l I \iooo/     \iooo/ . 

\iooo/    \iooo/ 

\iooo/    \iooo/ 

\iooo/ qD    = 1395|rrfri   -466 

qCw_A   =   .68(Tw-TA, 

SECTION 2 

\  -   81.8(TG-TT) 

qc =   1.06(T    -T   ) 
T-A 1        A 

Qp     -   100 
RP 

qR    =93 
w 

IP04-(^)41 \iooo/     \iooo/ . 

P04-(MI Viooo/    \iooo/ . 

((^)4-(^-)4I Viooo/    \iooo/ . 

q,,   - use \iooo/ 387 

VA 
= -56,T*-v 

411 
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SECTION 1 SECTION 2 

"CP-A^   •91<TP.-TA> 

q =   . 52 (T    - T   ) 4CF-A       '   ^ llF       A' 

q        -   . 39 (T      - T     ) 
i o 

q       = 125 
RB 

F-B 

L\iooo/     \1000/ 

.21(TF-TB) 

q^     =   .58 (T-T ) MCo Po       o 

qR    "   1246 l(-)-(-)4l Lxiooo/    yiooo/ J 

"CP-A  '   •75 (TP. * TA> 

q =   . 43 (T    - T   ) 4CF-A       "  0 llF       A' 

qKP  =   •32 /T-   ■T' 

[\1000/     \iooo/ 

1 =   -^(T    -T   ) 
CF-B F       B 

qCo=   -^^P   -V 

qR    =   1024 l(-)-(-)4l LViooo/    \iooo/ J 

Balanced Equations 

Turbine Casintj, 

'i       qCr„  A 
+ qHP + qRw + qRi:, 

+ qRX 
T-A t 

412 
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1 —■■■ 

Section 1 

44.8(TG-TT) 1.28 (T   -T   )+ 120 
1      A 

+ 119 

[(^)4-(^)4l \1000/    viooo/   J 

4 1395 [mS) ■ 466 

(Eq. 1) 

120 W+119fö) +96
(ä)

=1
- 28(TT-TA) 

+ 1730 Qö) "44- 8(TG-TT) - 466 

Section 2 

81.8(TG-TT) 1.06(TT-TA) +IOOI(ä) -WJ 

+ 93 \iooo/    \iooo/ J+    [\iooo/   \iooo/ J 

/TTV 387 

■ 

413 
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V 

414 

(Eq. 2) 
4 

1(,0(w+936) +75(iä) -1' 06 ^T"^) 

+ 1426 (M) -81-MV TT) - 387 

Vertical Wall 

qR     =   ^ 
W W-A 

Section 1 

119 

4      -T   ^ w / M   / V 
\1000/       \l000y .68(VTA) 

(Eq. 3) 

1751 
aoooy 

+ 529 = 

4 

= 175/V) +T 
\1000/ w 

Section 2 

93 fM
4.(M4] 

\1000/     \iooo/ -   .56(TW.TA) 

(Eq. 4) 

166 (V)4 
\iooo/ + 530  =   166 \iooo/ w 

Floor 

q        =  q + q      + q 
KF CF-A       RB       CF-B 

^ 

-----   -■■ ■ 



I 

o 55 
to 

Section 1 

96 
' M4. / V4, 

kiooo/    \ioooy 

(Eq. 5) 

132 

Section 2 

75 

\iooo/ + 

= .52(T   -TA)+ 125 
r      A 

+ .21(TF-TB) 

577 = 303 (rrrr ) + T 

\1000/     \1000/ . 

^1000 / 

T 
a ooo )- N] '    \iooo/ = .43(T   -TJ+105 

+ . 18 (TF-TB) 

\iooo/    \iooo/ 

(Eq.  6) 

(ä) + 577 =295 (i)+ 
123 Irrrr /   + 577 = 295 

Honeycomb Panel - Inside 

qR     =  qK    + qc RP KP       CP-A 

Section 1 

120 
yiooo/     \iooo/ ■39(TVT''0) 

+ -91(TP1-
TA' 

415 
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*. 

(Eq. 7) 

'P   = 2-33(TP.-TA) 
+ TP-308[&O)  -&). 

Section 2 

100 [\iooo/    \iooo/ . = •32(Tpi-
Tp0)

+-75(Tp
i'

TA) 

(Eq. 8) 

T„     =   2.34/T„   -TA\+T_  -312 
Po ("P. " TA)+ "P. \iooo/     \iooo/ 

Honeycomb Panel - Outside 

Poo 

Section 1 

(Eq. 9) 

.39 (TPi-TpJ=   .58(Tpo- T^ + 1246 [^—j -[—) J 

Section 2 

(Eq. 10) 

32 (W .48 /T     - To\ + 1024 A1000/     \iooo/ J 

5 
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Heat Transfer Balance - Section One 

Assume T     =   1089.1 0 F =   1549.1 0 R, T       =   5.760 

(From Eq. 1) 

1201 
il      ..../     W^   . _/ TF\ 

,1000/ 
+   119 

( m-oj +96
Vä; -i-axi»"-') 

+ 1730(5.76) 

1 

44.8 (230.9) - 466 

(Eq.  11) 

1201 
,1000, 

+ U9W +96Vüiöö/ - 459 

(From Eq. 3) 

175(5.76)+ 529  =   175 T
w   + T

w 

1536 =   175 Tw   + Tw 

SetT      =   1188   0R =   728 \iooo/ 1.991 

o 
PQ 

Z| 

I 

1536   =   1536 

(From Eq. 5) 

132 (5. 76) + 577   =   303 T      + T 

1337   =   303 T„   + T 
F F 

Set T„ = 1016 0R =   556 'F 

1337 

F 

1337 

\1000/ 
=   1.065 

.. 417 

-j«. . — _ 



—^^^mmg^^- ^r 

* 

(From Eq. 11) 

120 \TÖÖÖ/   + i19^-991)4 96 (1.065 065)   -   459 

\1000 / 
120   (TTT^/    -    120 

T       =   1000  0R =   540  "F 
i 

(From Eq. 7) 

T        =   2. 33 (470) + 1000 - 308 (4. 76) 
o 

T        =   629  0R =   169 
o 

T        v4 

- ß) ■ Viooo/ =   .156 

(From Eq. 9) 

. 39 (371)  -   . 58 (109) + 1246 (. 083) 

145 «166 

Temperature Summary - Section One 

T       =   1320 0F 

T        -   1089.1   0F 

70  0F 

T       -     540  0F 
i 

T       -     169  0F 
o 
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1 

I 

T     = 
W 

728 0F 

TF   - 
556 •F 

TB   = 
150 »F 

T      - 
o 

60 «F 

Heat Transfer Balance - Section Two 

/T    \4 

Assume T    = 1133. 6  0 F = 1593. 6  01^.1^000/    =   6.449 

(Eq. 12) 

'(ä)493^) +75Qiö) 
t^ (From Eq. 4) 
o 
m 
S v4 

Z| 166 (6. 449) + 530=   166 (^  + Tw 

T      =   1226 0R  =   766  0F\TTTT1    =   2.25S 
\1000/ *' 

. 

(From Eq. 2) 

100 
(TP'' \iooo 

4 

)• 
93 

^1000 )'. 
75 

r     F 
^1000 

4 

)■ 
1.06(1063.6) 

+ 1426 (6.449) 

-81. 8 (116.4) - •387 

419 
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(From Eq. 12) 

4 

100 I rr^- ; + 93 (2. 259) + 75 (1.143)  =   415 \IOOO/ 
+ 

100 (li) '119   (ä) ■ '•"« 
T       =   1045  »R -   585  eF 

i 

(From Eq. 8) 

T 2. 34 (515) + 1045 - 312 (5. 259) 

T.      " 

\ 1000 / 
Tp     =   609   »R =   149   »F     [~)    =   .137 

o 

(From Eq. 10) 

. 32 (436)  =   . 48 (89) + 1024 (. 064) 

139   «  108 

Temperature Summary - Section Two 

TG     -   1320 0F 

TT     -   1133.6 0F 

TA     =       70  0F 

T        =     585   0F 
i 

Tp     =     149  0F 
o 
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* 
{ 

T      =   7660F 
W 

574 0F 

B 
150 0F 

T      =-     60 0 F 
o 

Diverter Valve - Section 3 

The heat transfer analysis of the diverter valve section is similar to 
the turbine casing analysis.   Only the value of the coefficients areas 
and temperatures are changed.   The Diverter Valve is insulated and 
has an overall heat transfer coefficient of 1.2 Btu/hr.ft   0 F.   See 
Figure 9.110. 

Emissivities 

eT    =   .50 

tp    =   .10 

=   .80 

W 
=   .15 

o 
DO 

to 

n 
Pi 

B 

=   .15 

=   .80 

Bellows - Section 4 

The bellow section is similar to the turbine casing section except for a 
shroud around the tailpipe that allows cooling air to flow between the 
shroud and tailpipe, see Figure 9. 111.   The heat flow from the shroud 
to the walls is the same as in the turbine casing section, q* is equal 
to the total heat input into the shroud. 

.. 421 
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Figure 9.110   Diverter Valve Heat Flow Schematic 
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Figure 9. Ill   Bellows Heat Flow Schematic 
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qG =  ^ + ^„l Q T T -S 

4„  4' 
G    T    \   G    T) TF\T      T/       T     T\TS/ 

T   and T   are known 
G S 

Set TT, 

Define coefficients and areas 

Find T 
T 

qi * V" qc.'S 
T T 

q   = (T F^A  .   (Tm,4 - T  4)   - h A,,,    /Tm-T0) Mi T  T    \   T T  /        T  T    \  T    SJ 

Define coefficients and areas 

T^,, T„, and T„ are known 
T*      T S 

Find q^ 

With qj and TT known, analyze the whole system as outlined in the 
turbine sections.   Pick various values of TT, until the whole system is 
balanced. 

t- 

§ 9.4.12 Aft Fuselage Heat Transfer Analysis 
■*> 

2 Q The aft fuselage is heated by two turbojet engine tailpipes passing 
•- i diagonally through the section.   The tailpipes are shrouded and cooling 

1 air is pumped through the annulus formed by the tailpipe and shroud. 
rt J There is no cooling air flowing between the shrouds and fuselage skin, 

therefore the free convective heat transferred from the shrouds must 
enter the fuselage skin by free convection.   The tailpipe, shroud, and 
fuselage skin materials are very thin, therefore the temperature across 
the material is assumed to be uniform.   The aft fuselage is divided into 

I 
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Figure 9.113  Heating and Cooling Schematic - Aft Fuselage Sections 
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Figure 9.114 Aft Fuaelaga Heat Bakaoe Sehematto



six sections as presented In Figures 9.112 and 9.113.   The heat balance 
across a section Is schematically shown In Figure 9.114. 

Basic Heat Transfer Equations 

qG =   hG AT (TG-TT) 

^R-, _ T   T    \   T      S / 1 ~b 

4CT_A T  T    \  T    AM/ 

qr        = h 
CS-A s/s   (TS-TAM) 

qR        = aFSAf   (' Vw S f    V T„4-T..4) s    w 

VB " \ A«  (VTB) 

B-W V" ( T  -T    \ 
B    V/) 

Qn =  crF A       (T   4-T  4) 
ft, o  w   \   W      O   / 

q      =   h      A       /T   -T   \ o w      W   i'w    o) 

r 
w i 

Balanced Equations 

qG  =  V / ^C 
T-S        T-A 

qA ^ qc. A 
+ qc T-A       ^S-A 

qR        +qC =  qR   +V US-W      ^B-W Ro      C0 

427 
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i 

qc      = qc 
S-B B-W 

^""^V^o 
Example 

The following example is an analysis of the heat transfer in section one 
for a condition at standard day, sea level, static operation, 100% RPM, 
and turbojet mode. 

Known Conditions 

T     =   1250° F  =   1710 0R 
G 

T     =   G(fF=   520'B. 

Air Temp, into the section = 88° F = 548 " R 

A„, =   6.48 ft /section 
T 

A     =  7. 65 ft /section 
8 

Af    =   .863 

Wall Areas - ft2 

Section 
A 

w 

1 9.0 

2 13.0 

3 11.0 

4 9.7 

5 11.0 

6 13.5 

428 
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Emlssivitles 

— ■       -—        'i11 

fT  =   -40 6S =   .12 €w = -*0 

%    =  .10 ewi 
= '*0 

Calculations 

h   Tailpipe hot gas transfer coefficient 

.0384 \    d (\) 

-1/4 

r    \ ed)      r 

H     =  2. 68x :o"5 lb/sec. ft 

P     =  . 047 lb ft 

P    =  .70 r 

c     =  . 27 Btu/lb • F 

A  =   1.48 ft 

o 

z| 

i 

D -   1.375 ft. 

W =  44 lb/sec. 

V = ~- =  632 ft/sec. Ap 

Sei . ,_ 523 x 10 6 

(\)'i/4=■o28 (H«dr
/8 ■ •'* N'IA> ■ i-m 

429 
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-   (.047) (.27) (632) (.0384) (.028)    /»goo sec \ 
1+1.5 (1.061) (.168) (-.3)        I hr/ 

34 
Btu 

hr-ft -0F 

Annulus: 

h   = Outside surface of the tailpipe 

h    - Inside surface of the shroud 

W 

c    G V k /b Vb I        /DHGy: 

Subscript b ■  bulk 

c      =   . 24 Btu/lb 0 F 
Pb 

G  =   3390 lb/hr-ft 
2 

M.   -   5. 08 x 10'2 lb/hr-ft 

MW0    =   5. 01 x 10     lb/hr-ft 
Si 

MW     =   8.71 x 10"2 lb/hr-ft 

D„ =   .25 ft. 
H 

h - 
.023 'bG 

.w.  „ v • 2 • 14   /       v 2/3 

m m (¥) 
430 
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h     =  3.43 BtuAr-ft   0 F 
8i 

h     =  3.18 Btu/hr-ft   0F 

h     - Outside surface of shroud 
81 

1/2 1/4 
o„ /   p  \        /AT\ ' nA An,l/4 

h     - Inside surface of the fuselage skin 
Wi 

h     - Outside surface of the fuselage skin 
w. 

In /   P   //2/AT\l/4 

termsofAT.hw^hw^.29(—)        (-) 

Section h     or h 
w w 

o 
oa 
S 

Z| 

rv I 

1 

2 

3 

4 

5 

6 

. 452 AT 
1/4 

. 499 AT 1/4 

478 AT 
1/4 

.461 AT 

.478 AT 

1/4 

1/4 

=;*©{=:•■) 

. 501 AT 

.099 

1/4 
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F_   = 

£S1 
+ V AT H 

=   .118 

F0  -   .80 

Heat Transfer Equations 

qG   -   220 (TG-TT) 

qRT « = 111(, 
T-S [\iooo/   "\1 

4 •  n,       \* 

000 

q^ =   20.6 (TTTA 

T-A m' 

»  26.6 /T   T 
CS-A       "       l-S-A •6(T

S
TAm) 

q =   1347 
Vw 

f(M4.(M4 
[\iooo/     \iooo/ 

q -   1.84 (T-T) 
CS-B S     B 

1.25 

B-W :       SECTION B-W 

and 1 4.07 (T^T^1-25      4.07 (T^)1'25 

lc 2 6.48 (Tg-T^1*25      6.48 (T^T^1'25 

3 6.2e(TB-Tw)1,25      5.26 (T^T^1*25 

432 
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B-W :       SECTION B-W 

I 

and 

(Cont) 

iRoi 

4 4-47 <TB-TW)1,25      4-47 (VT0)l*28 

qc 6 5.26 (T^T^1-25      6.26 (TW-T0)L25 

6 6.76 (T^T^1*25      6.76(TW-T0)1,28 

SECTION 'R, 

1.40 x 10' 

,i.02x 10' 

1.71 x 10 

1.51 x 10" 

\iooo/     \iooo/ 

\iooo/     \iooo/ 

[\iooo/     \iooo/ 

[(^-(-^yi \iooo/     \iooo/ 

—«4[(ä)4-fe)4' 

((^)4-(-^)4l \iooo/      \1000/ , 
2.10x 10" 
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Balance for Section One 

Using the Balance equations 

(1)   qG   "   qR_+q 
T-S       CT-A 

hGAT <TG-TT,  =  ffFTAT (TT4-TS4) + VT ^"V 

200 (TG-TT)   =   mo 
Aiooo/     \iooo/ (TT-TAJ 

+ 20.6 /Tm-T 
m 

(2)   SetT     =   1124.26 »F  =   1584.26° 

(3)   Assume AT    =  28° R 
a 

(4)   Solve for T 

qG  =   27,663 Btu/hr 

qcT,A  -  21,058 Btu/hr 

qR =  27,663-21,058  =  6,605 Btu/hr 
T-S 

i"» (a) ■»«(a) - ••«« 

\iooo/   " 0- 300 - 5.950  =   .350 

Tg  =  769 0R 

• 
— -        - ■ —     



(5)   Solve for q. 
S-A 

qC =  26-6    Ts-TA        =  5.506BtuAr 
S-A m 

(6)   Solve for AT   to check step (3) 

qA  = qC        +qC =  21.058 + 5,506  =  26,564 Btu/hr 
S-A T-A 

AT 26,560 BtuAr 
WC    ~  1.10 1b/sec .27 Btu/lb'F \3600sec/ D 

(7)   Solve for T, 
W 

VB^VW-VSXA^09981^ 

qC        +qR =  ^R    +V 
S-B       "s-W R0      C0 

1099 -  4.07 (T^)1-2^ 1.40x10 

Tw =   575 »R 

l\iooo/     \iooo/ 

i 

(8)   S )lve for T 
B 

o 
CQ 

Z| 

I 
S-B ^B-W 

1.25 
l.84(T-TBr'".4.07(T  -T) 1.26 

B  -W' 

/TS-TB \ 

\T
B-Tw/ 

1.25 

2.21 

TB K 642 0 R 

1 
43S 
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(9)   Using T   , T   , and T_, Solve for 
W       B o 

q and q and check for the value obtained in step (7) 
S-B S-W 

1 25 
qc =   1.84(TS-TB) '       =  786Btu/hr 

S-B 

qH =   1347 
Rs-w \1000/       \1000/ =   324 Btu/hr 

q +q =  1110 Btu/hr 
S-B S-W 

This is close enough to the value 1099 Btu/hr obtained in 
step (7). 

i 

(10)   Check overall system 

qG  = qA + qR    'V^ 
O O 

27,663  "< 27,659 

(11)   Summary of temperatures 

I*     =   1250 "F 

T     =   1124.26 0F 
T 

T     =  309 • F 

T =   102 * F 
A 

m 

T     =   182 0F 

T      =115^ 
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. 

T     =  60 0F 

The sections two thru six are analyzed in the same manner, using the 
values of q given in this section, decreasing TQ by the value of 

»G 

wGcPo; 

 "■»■lll-l   ..-   | 

and obtaining T^    by using Ta in as Ta in + AT from the preceding 
section. 

9.5       STRUCTURAL PROTECTION SYSTEM ANALYSIS 

o 

to 

I 

9.5.1   Insulation of Nose Fan Thrust Reverser Door 

Upper Closure Longeron Assembly Part No. 143F003 

A steady state heat transfer analysis of insulation requirements for As- 
sembly Part No. 143F003 was made using the simplified model of Figure 
9.115 below (see Figure 6.1 for reference). 

Ki = 0.18 BTU 
HR FT2 /VF\ 

IN. 

tg, Vg, hg 

I 
FORCED 
CONVECTION 

'g-l 

ha, ta 
FREE- 

CONVECTION 

-r— %. 

JOHNS-MANVILLE MIN K 503 

Figure 9.115  Part No. 143F003 Heat Transfer Model 
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For steady state 

qg-a H qg-l      qi-'2  U q2-3 " q3-a 

From which 

U    " h      k     h0 
+ h 

o        g      i      2      a 

The heat transfer coefficient hg is obtained from Equation 34 or 36 on 
Page 1-25 of Reference 18; the choice depending upon whether or not 

I 

Re 
c V   PX 
5    e < 5 

1.7 x 10      *    —       5x 10 
T 

1.75  > 

The heat transfer coefficient h2 between walls 2 and 3 of Figure 9.115 
accounts for both convection (Ivgc) and radiafion Q\2r)- 

The convective term h2C may be read directly from Figure lc-35 on 
Page l-c-58 of Reference 12 at Ö = 3.875" and an assumed At between 
the plates (At = t -t ). 

The radiative term h     is determined from the equation 
2r 

1730 F 
Ae [(-^)4-(^)4l \iooo/      \1000 / 

2r ^-V 

438 

where T = t + 460. 

Since neither T   nor T   are known, trial and error is required. 

The heat transfer coefficient ha likewise includes convective (hac) and 
radiative (h    ) components so that h   = h     + h    . 

ar a       ac      ar 

The convective term hac is determined from either equations 104 or 105, 
Page 1-0-56, Reference 13, depending upon the value of Gr Pr which is 
easily obtained from the equation 

-— —   - - -- i 
■   — -'■       ■*■ - 
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Gr Pr = Y At L   where Y is read from Figure lc-34 Page 
l-c-55 of Reference 12 at the average temperature 
(tj + ta)/2. 

The rsidiative term h    is obtained from the equation 

1730 F 
Ac l(^)4-(^)4 

LViooo/     Viooo/ 
ar 

<T3-Ta) 

Since the solution is by trial and error, it is convenient to use the fact 
that the ratio of component temperature differences to the total tempera- 
ture difference is equal to the ratio of component thermal resistance to 
total thermal resistance so that 

* "to g   2 
t -t 
g   a 

h      k, 
L   g      i J 

h 
L g ■<-k- 

1 
h 
a. 

and 

.. 

o 
PQ 

s 
z| 

m 

r I 

t -t„ g   3 _ 
t -t 
g   a 

\ \ \ 

i.+_iti.+i 

Sample Calculation: 

Initial Conditions 

V    = 300 ft/sec, P -  2118 lbs/ft , t    =  700° F 
g g 

■ 

X,  =  0.5", k,  -  0.18", X «  3", t    -  lOCTF 
i i a 
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Assume t,   =  685°F, t   = 244°F, t   = 174°F  F      = .9 
1 6 u AC 

(Note T - t + 460) 

R    =   1.7 x 105 (300) (2118) (3/12) /(685 + 460)1,75= 1.17 

5 S 
x 10   <5x 10 

Use Equation 34 Page 1-25 Reference 18 

1/2 

h    =  0.0077 
g (¥) =   0.0077 

(300) (2118) 
(3/12) 

.5 

12.2 
Btu 

hr.ft. 

h      ■  0.43 from Figure IC-35 Page l-c-58 Reference 12 at At 

=  70° F and 6 = 3. 875" 

h2r  -   (1730) 

=   (1730) (. 9) 
704     .634 

/(244-174)  =   1.87 

ho  =  h     + h0    =   2.30 
2 2c       2r 

To obtain h    = h     + h     check (Gr) (Pr) first, 
a       ac      ar 

Y  =   9.2 x 10   at t = (t +t )/ 2 = 137 
3   a, 

Then 

GrPr  =  Y (t -t ) (L)3  =   (9.2x 105) (74) (1)  =  6.8x 107 

Use Equation 104 Page l-c-56 Reference 12 

ll/2 /.Al/4 
h      =0.29 

ac (144)(14.7) ¥) 
h      =   (0.29) (74)1'4  =   .85 

ac 
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. 

s 
z| 

i 

h^.  =   (1730) (FA€) 
\iooo/     \iooo/ 

9) ÜL . ±\ / 
' [.634    560j/ 74   «   1.29 (1730) (. I 

h    =   .85+ 1.29  =  2.14 a 

U        |h   +k| 
+h0 

+ h 
g      i       2      a J 

12.2     .18    2.3    2.14 

■=   .082 + 2.78 +.435 +.467   -  3.764 

To check assumptions of t   = 244 and t. = 174 

i   x. — +  
V^2  B ^g    2.862  _ ^    700^2 
t -t    *        1        "  3.764  ~ 700-100 g  a - 

o 

t2  -  700-.761 (600)  =  700-456   =  244 ok 

lt
xi+I 

t -t                  1                 3.764 tr   a                
700-t3 

700-100 g   a               y 
o 

t    «=  700 - 525 =  175 close enough 

Conclusion 

0.5" Johns Manville Min K 503 Insulation will keep the longeron assem- 
bly below the design load limit of 250° F.   Edges should be sealed to pre* 
vent ••blow-by" of hot gases behind the Insulation. 

■I*lll     „uh* 

■ 
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9.5.2   Insulation Requirements for Local Aircraft Surface Areas 

9.5.2.1   Method of Analysis 

The following procedure is applicable to transient heat transfer analysis 
of aircraft surface insulation systems shown in Figure 2.3.   It is based 
primarily on the numerical method of Dusinberre as presented in 
Reference 15.   The one-dimensional heat transfer model, presented in 
Figure 9.116, consists of a thin metal plate protected by a relatively 
thick layer of insulation.   The plate is assumed large enough that edg'j 
effects are negligible, assumes negligible oobi*ot resistance between 
the insulation and metal plate, and assumes that the metal plate is thin 
enough that it may be treated as if it had infinite thermal conductivity. 
Radiation from the hot and cold sides is neglected; thereby adding some 
conservatism to the method since more heat is added to the hot side and 
less heat is lost from the cold side than would be the case if it had been 
included. 

The insulation of thickness Xj is divided into n slabs of thickness AXj ■ 
XJ/II.   The general equation for determining the temperature tj at the i**1 

interface for 1 < i < n-1 at the j+l1*1 time increment is 

t. 
i.j+l 

t + (M   -2) t      + t 
m i-ij {mA ; ij  HI.j 

M. 

At the insulation surface where tj - t , the equation 

t t 
o,j+l       NA+I     g.j+l     NA+ 1    l,j+l 

is used, except for the first time increment following the initial 
application of t„  u j to the system, where the approximation 

t    ,-/t    . + t    .\/2i8 used.   (Note the subscripts are correct.) 
o,J     I o.j      g,j/ 

At the insulation-metal plate interface i - n an iteration step is required 
as follows 

442 

Assume t     .     = t 
P. j+l      n, j 

--- -    -- - _         
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By a heat balance on the metal plate the temperature rise Is given by 

At    =   Et,   ,   1A, - Ft     lA   +Gt p n-1, J+l p, j+1 a 

and then a calculated value of t     , , Is given by 
P, J+l 

p, j+l        n, J       p 

Obviously the first assumption of t-   H j is incorrect; so the next trial 
assumes the value of t«   j+1 just calcul'ued.   This procedure is repeated 
until the assumed and calculated value agree within some specified limit 
at which time the statement Is made that t     ,., mt     .., • 

n, J+l     p, J+l 

Values of MA, NA, E, F, and G are defined below. 

c    v 2 

MA =       k^e 

NA = "V 
(Aö)(k) 

E  = 
(60) (144)(Xm, (pWCp    )i£Xi) 

(\) 

S 

((60) (144) (XJ (pj ^C^^ + haj 

^| (60)(144)(Xm)(pm)^pJ 

The above equations were programed for digital computer use.   The 
term MA is arbitrarily set at MA - 2 or greater to obtain the time 
increment Ad.   Time varying boundary conditions together with any 
initial temperature distribution in the insulation may be handled with 

443 

• 

IMM 



jiK 

W**1 Ä ' 

■ 

TABLE 9.11 
Insulation  System Study Summary 

Kl 

Idjulati 
Xi 

Mat'l. 
Slui. 

ym \ 
Bouiul'iry CunJltlon 

t. 
i 

taltlai 
Condition Saa 

JA3E 9          X          h        t tx>4.6 Figure 

I 9      .» i .0093«     .i T,          .1 2^      .Ifc 'w                  .i. i.oOu 100       .0               100 1 .5 

ÖÜÜ 

J ■JI.0 

k MX) 

• 17". iOOti lj.6 

■ 900 

7 '.00 

8 UOO 

J .500 1000 15.7 

10 8u0 ■ 

:i too ■ 

12 •♦-O 

1' 1 *       ,2 ■ .00926     .e 5 W ' .10     .ouo ■• 1000 2     100     .e 100                  15 • 9 

1-. 6ü0 ■ 

IS 715 • 

It too 
1 

R - Btu'hr.rt."' ('■'p/ln.)i  C    - B'.u  lb.    'fi Y •   lb./ln.   ;  X -   inohrs 

S •  NlnuUij   t - 'V;  h • Btu tir.rt.'' "f 

•  Innilatlon:Jofuis Muivllle Hin K 

"l 

Inaul itlon • 
Mat' 

.inn. Boundnry Condition 
Initial 

Condition SM 
CAÜE n «1 

I.      C                 K             X •     '• 
h        t          h g       •         • I      k'O Figure 

17 ?z .1 »       c-^t .5 Af            1*             10    . Oio     **     1000 n   ln>     i         'f '0 15.10 

10 1      1 600 I 

19 715 1 

20 600 1 
Jl .57'; 1000 

i 
V. .U 

22 800 

.'5 715 ( 

2lt too 1 

25 .25 1000 15.12 

26 300 " 

27 715 " 

•Ö 600          j " 

* 
444 

^—i-^—^amämm» 



"—"^   —' —- ■- — 

> 

.1 

o 

H0T5IDF 

L=0.  I      a 

— XL  

muLArm 
-AX- 

•       i     Ci 

INTEI?FACr 

i       l 

^ta»o 

x^l 

71-»    LOl 

■NETAL PLATF 

COLD SIDE 
&/\5 FU)IV 

O 
t«. 

.. 
Figure 9.116  Heat Transfer Model for Insulated Metal Skin 

445 



~^^mmm m  ,—     < IWF- 

1000 

900 

800 

it  T 

© 

100 
o©o 

GAS TEMPERATURE (t^ 

i) 

l'ION SURI ACE (t    ) 
oo 

TEST SPECIMEN H —t inn   7 

^ 
C) © 

\ 
AIR (t ) 

a 

ST 

© EXPERIMENTAL DATA 
— PREDICTED DATA 

0        2        4        6        8       10      12      14      16      18      20      22      24      26 
TIME - MINUTES 

Figure 9.117  Comparison of Predicted and Experimental Insulated Panel 
Temperatures:   0. 545" Min K Insulation on .025" Titanium 

il 
0 

446 

■   - ■ 



 "--4 .-11 

GAS TEMPERATURE 

.. 

o 
ffl 

Z| 

I 

o 
I 

S 
U 

w 

0       2       4       6       8      10      12      14     16     18     20      22     24     26 
TIME - MINUTES 

Figure 9.118  Comparison of Predicted and Experimental Insulated Panel 
Temperatures:  0.723" Min K Insulation on .025" Titanium 

.: 447 



ww^^iw^, ,<! j.i .11 jMi^ippy., ww^^^w^w^ ■"W--—^r-r:;Y~- -„ .,...       _   •^v^T1,.-.1.,..r,-..^^^-;-^-.^-^rv^^7^ :^.^^, l(|,;!,„,„,,,,1J^T^w: 

i1' 1   1 

m ill 1!  j ■j-j-T 

! i  i P TTTT 
ijl ■ i 1; n: 

l|I; i;;! •ü: 111 ■ 
:, l! 

■ff r ;■ 
ill! ii!1 1 jTIf Trrr 

1.1: 
TITT 

!i; 
Mil 

illi il II 
jj ; ii; ii!' 11 ' 

'! • ili; 
' ■' 1 ii... ' ;r LL: „:... 

—- -- 
"r' 

.„... 

:i;; 
111! [ill 

11 ■ 

'ii; 
j:i 

;.'li 
j!!l ii i 

!, ■ 

-!■ 

i 
;; i 

[ i 
,- '~r ri-| v; H 

:.:|::: ' 

it 

I'.e 

1  !, i 

' ■ 1 i;!i ;; i 
:^o ;! il 

1)4 
1;  r UJ W 

-■--• 
ii,i .„.;, .._„ ,^... 

--■ 

■ ■ 

. ■ 1 ■ 

: 

..... 

/ 

i 

* 
i ■ ■i!. 

1 
l ■  ■ 

■  i 

.!■.... 

!   . 

rr i 

'i ?0 t jj' :i:; 
:L. -•!- 

J ; 
.:.. 

/ V 
/ 

:.:. :._. 

^ 
-r- 

: i: 

m 

■■ '•:'.  '- if: ..,...,. 
i 

:-,j:: J , 
1 

1 -y / .....: 
;•■- --• 

i: 
'3 t-d i 

i ■ 

ii '■\ : 
• 

- •;--h--; ---:!  -" 

;| 

■ --:•- *'' ic ö: 
■-^r liii -- i-i|i. ü i 

;U9 0 ,! : ;i i 

ii : J ̂  

i; i 
'; : 

■;.;i . 

;■ i.' 

:   j 

j 
. ,. i, . :,:V i 

y   
■-■:- 

| j    : 

.;.._ ■-;r 

: I ; 

n rj 
i 

j !i: 

H ; 
rn ■ i 

..... : -,,,: 
I ■ 

:: ,| 

i . . /. 
1 ■ 

-• ■ i' i ;l : 

.;. i. ri-T 
11 ' 

"trf 
'! i 

liii Iti 
11 i 

ijip k 1; i I  ; i] i ! \ ''• i I :; . ;; : 
i...: 

;  . 

• 
:■■■- 

,u .... -f- 7 
'; 

T; 
: : 

;;" 
i; ; 

r- 

;ii '. I, ' 
'! i 
.. | j ii: 

rr ■] mv : [ ! ii ; p ; 
■■ I : : 

TK 
1?' 1 W'O 

—- 
!"  : 

'— 
■ 

■ 

' 

% 
i 

...j ... 
i 

i: ■ >> 
.<■' 

^;" $+ c ;: 
:_; i i: : 

:i ■ 
ii ] 
:i ' 

M 
240 i   ' ■ • i' . 

... 
i / 

■ ■ 

-• ■ ■-■'■ 

_... 
V~ 

.: . lui ii i| 
Ü il 

iiu 
IM 1 :H- •;■■ 

•jij 
~~ /: 

/ 
:■•:, .:■ 

1   J 
/^:|.:  ; 

:. ■ 1; 
■ i 

- 
■::: 

■:•■: 

' !   ■ 

V.  . 

'. 1 i! ' 
::jl '' ' 

,.u..;. 

!: i 1 ^ 60 
- 

'' 

^ 

7 

/ n y "i Vc y - 
; i 

'-*': n 
H , 1     1 rrrrr: , 

1 —i 
/ 

! r ■ ■  . I:.  . 

*<{_„ 
<:-A-- 

: i,, : :: i Ii :] 
■,&) 

. i 

^ 

■;' 

'■■ i i.j : 

iij) u> rf-r ':'-. 
■ 

~y 
/ 

1   1 
.,..:.,|r, ... .:;,:.L : 

'' ; ::~: 4^^ 
i: i 

i 'V ...—, 
"1 ' i; ; :i i 

i: M 

trt ;i ; ;: / h 
■"•■ 

u:- 
^ i ■ t     J S 

ST 

.•  \\\ 

■"! 

■ i T", 

■'-4- -\ ':;' 
:. . 

/ 
-r-r ... \-A 

;■;-'■ 

, ■ 

;; ; 
..ij. 

;': i 

iili 
iil 
T 

1 

■   V to 
;i-: 

■:::i 

/ 'h / 
/ 

.     j:-,: 

■-.\   :   ^ ..... 
■;■■- 

.LU ..... 
■ 

■ii--- T-i 

fA- 
.i » 

:. y oo 

:  :h 

"*LaS ̂  

S i 
•   ■ 

, 
L..\ :-- ;.:.. ..;.: ... --*- 

;M 
' '     ' 1 

i! ! 

! 
'■;. \ ^ — • ;"... .;  }•■- 

77 
■: l: : r,|- .  * '■    4 »:  : 

■ 1 
■   ■ 

'iT: ntr Iri ;; ; 
n i 

lU 
■—■ 

:: I 
-T i - 

,  : ' 

■ 

....... 
. ■ i.. 
 u.  ;:;: ; ;   , 

'■: ■ 

■ i ; 'i : ■ :; ; ;H 
il 1 II i 

M 
:: ll 

] 

Figure 9.119  Skin Temperature-Time Profiles Vs Gas Temperature 
0.25n Min K Insulation on . 025" Titanium 
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Figure 9.120 Skin Temperature-Time Profiles Vs Gas Temperature 
0.375" Min K Insulation on .025" Titanium 
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Figure 9.121   Skin Temperature-Time Profiles Vs Gas Temperatures 
0. 50" Min K Insulation on .025" Titanium 

450 

^j^M^Mtom ■    i   aili-iihii n i ■■   ii<* 1 



■ 

o 
m 
CD 

> I 

Figure 9.122   Skin Temperature Vs Insulation Thickness and 
Gas Temperature After 5 Minutes Exposure 
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Figure 9.127   SWn Temperature Vs Insulation Thickness and 
Exposure Time; Gas Temperature 1000° F, and 
Aluminum Skin 
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Figure 9.126   Skin Temperature Vs Insulation Thickness and 
Exposure Time; das Temperature 715° F, 
Aluminum Skin 
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ease.   The validity of this method of transient analysis was established 
by comparison of predicted and experimentally determined temperature- 
time profiles as shown in Figures 9.117 and 9.118. 

As an aid to selection of insulation thickness, temperature-time pro- 
files were calculated for the series of 28 cases summarized in 
Table 9.11.   These data and convenient cross-plots are presented in 
Figures 9.119 to 9.128. 

9.6       NASA-AMES DATA FOR FULL SCALE XV-5A MODEL TEST 177 

This section presents available data obtained from full scale XV-5A 
Model tests during NASA-Ames Test 177 conducted between 6 December 
1962 and 18 January 1963.   Test 177 was conducted primarily to obtain 
the aerodynamic characteristics of a full scale XV-5A model which are 
presented in Reference 19.   Therodynamic considerations, particularly 
structural and evnironmental temperatures, were of secondary concern; 
however, approximately 24 temperature recording channels were 
available for gathering the test data summarized in Sections 9.6.5 
through 9.6.7.   A few unidentified installation photographs are 
presented in Section 9.6.1.   Various other interpretive and supporting 
data are also presented.   In all cases data is fragmentary, however, 
it represents the best data available at the time critical aircraft design 
decisions were being made.   Mostly, the temperature data was used as 
recorded, but in a few instances corrections were required as outlined. 
Conversion of data from one set of operating conditions to another was 
accomplished by the correlating method of Section 5.3.5.2.   The Test 
177 data are presented in the following sections without further 
discussions. 

9.6.1   Run Schedule NASA-Ames Test 177 

This briefly indicates the test conditions established for the runs of 
Test 177.   Rune 1-53 were conducted in the 40' x 80' Wind Tunnel at 
the NASA-Ames Research Center, Moffett Field, California.   Runs 
54-56 were outside ramp tests conducted at the same facility. 
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9.6.2   Installation and Model Photographs 

The installation and model photographs presented in this section, 
included primarily for documentation purposes, show various aspects 
of the full scale XV-5A Model including the two J85 gas generators for 
driving the wing fans, the T58 gas generator for driving the nose fan, 
method of model support, wing fan butterfly doors, louvers, and 
actuators, flap, tailpipes, thrust spoilers, landing gear environment 
thermocouple lattice and operators' console. 
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9.6.3   Engine Data 

Operators' console data are presented in this section for the J85 and 
T58 gas generators used to drive the wing and nose fans, respectively. 
Where no data are presented, it generally means the particular engine(s) 
was (were) not operating.   This may be verified by checking the Run 
Summary of Section 9.6.1. 
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AMES RAMP RUNS - ENGINE DATA 

Date Hun «f 
j     Left K'nginc Right Engine T- 58 

T/R ßs ßs 
KPM EGT HPM EGT RPM KGT 

1-14-03 54 79 530 83 480 81 490 40 0 0 

80 500 81 480 31 480 

80 500 86.5 430 87 490 

1-15-63 55 

50 

93 500 95 470 06 

100 

620 

630 

40 

0 

0 0 

1-15-63 B4.5 580 95.6 490 93 590 40 0 0 

95 620 97.5 580 0 0 

95 020 97.6 560 10 

95 620 97.5 500 20 

95 020 98 500 24 

95 020 98 000 0 

95 020 97.5 000 10 

94.6 620 95 500 0 0 

80 560 80.5 500 

79 530 41.5 510 
- - 79 450 
- - 87 450 
- - 95 520 
- - 90.5 500 

BO 490 - 
87 500 - 
93.5 580 - 
94.5 000 - 

1-16-63 57 78 

87.5 

95 
95 

550 

560 

010 

020 

81 

88 

95.5 
97 

400 

475 

500 

510 

1-16-63 5» 77 

83. ö 

92.5 

93 

79 
84 

93 

93.5 

4 HO 

600 
580 

580 

480 

490 

000 

020 

80 

85 

94 

95.5 

78.5 

85 

94 

95 

400 
900 

480 

550 
440 

450 

530 

570 
1-10-63 BO 1 

2 
3 

4 

5 
6 

80 

87 

06 

97 

520 
520 

030 

640 
81 
HO 

440 

440 

507 
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AMES RAMP RUNS - ENGINE DATA (Cont.) 

Date Run« 
|   Left Bngino Right Engine T-58 

T/P 
'' 

fiy    | RPM EOT RPM EOT RPM EOT 

7 94.5 480 
8 96.5 600 
9 78 500 82 450 

10 86.5 550 86.6 460 
1-17-63 60 1 

2 
3 
4 
5 
7 
8 
9 

10 
11 
12 
13 
14 

80 
85.5 
84 
81 
88. S 
77 
85.5 
94 
94.5 

520 
520 

530 
550 
520 
630 
600 
620 

80 
86 
95 
81 
88.5 

79 
85.5 
94.6 
96.5 

500 

500 
620 

440 
430 
480 
600 

77.6 
84.6 

480 40 0 0 

1-18-63 61 

! T     L = 46° 1 78 520 78.6 460 78 430 
1    ninb 

2 85 520 86 460 89.6 500 
3 94 600 04 480 99 640 
4 94 600 97 500 89.6 640 
5 94 600 98 500 101 630 
6 94 600 98.6 500 101 630 
7 78 78 101 630 
8 86 660 86 500 
9 94 600 96.5 580 

10 78 460 80 440 
11 85 500 86.5 450 
12 93.5 600 95 460 
13 94 620 96 480 

1-18-63 62 
T     . - 60° 

amb 
1 
2 
3 
4 
6 
6 
7 
8 
8 

10 
11 
12 

78 
85 
93 
94 
76 
84.7 
93.5 
94 

600 
500 
670 
600 
610 
520 
680 
600 

80 
86 
94.5 
96.5 

78.5 
86 
94.5 
95.6 

440 
470 
540 
600 

440 
440 
490 
520 
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TIME AFTER RUM #62 1-18-62 

Left Engine 37:19 
Left Fan 33:31 
Right Engine 36:42 
Right Fan 33:00 
T-58 Pitch Fan 17:34 

T-58 PITCH FAN DATA 

> 

Run# NT-58 EGT 
PF T2 

54 70 480 1550 50 
1-14-63 75 460 1680 Bleeds cut off 

80 480 2000 
81 490 2050 
87 495 2400 Shut down for fuselage 

panel repair 

55 74 400 1820 
56 95 630 3350 
57 96 630 3400 

95 620 3350 
96 620 3400 

99 620 3750 Pitch fan by itself 
with no Ingestion 
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9.6.4   Test 177 Summary - Thermocouple Locations and Identlflcatlon 

The information Included herein is applicable to the reduced temperature 
data of Section 9.6.5. 

Test 177 consisted of approximately 62 runs, some of which involved 
simultaneous operation of lift and pitch fans.  Only one data point 
(point 4 of run #41) was made at wing lift fan speeds above 1750 rpm - 
for this point the speeds were both 2410 rpm. 

Data have been reduced for runs 18, 19, and 21, (16 and 41 partially). 
At the present, two rolls of temperature records are in the San Diego 
plant, but these are Ames property and will be returned soon. These 
records represent the temperatures of runs 25 and on. 

The data available from these records are: gas temperatures in wing 
voids around both fans, internal fuselage gas temperatures, gas 
temperatures on the under side of the wing and flap (L/H), J85 engine 
inlet temperatures, wing fan inlet temperatures and on the last run in 
which the thrust deflector was installed, seven gas temperatures from 
the aft fuselage. 

Thermocouple Locations for Ames Test 177 

Run 11 

Description 

Gas temperatures below 

L/H wing surface with 

45° flap 

* Values in parentheses are STA. L. and B. L. for thermocouples if 
the flap was retracted. 

STA. L. W.L. B.L. 

16 296(296)* 96(96)* 32 

17 296(296) 96(96) 46 

18 310(302) 98(97) 32 

19 310(302) 98(97) 46 

20 319(312) 91(99) 32 

21 319(312) 91(99) 46 

-0 
..' 

] 
] 
D 
0 
d 

D 
D 

Gas temperatures 

Landing 

1 

2 

271 

286 

+13 

+13 

31 

31 
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Gear 

Rake 

(h/D = l.7) 

Run 18 

Description 

Gas temperatures below 

L/H wing surface with 

45° flap 

Gas temperatures 

Landing Gear 

Rake 

(h/D = 1.0) 

301 +13 31 

271 -7 31 

286 -7 31 

301 -7 31 

271 +13 51 

286 +13 51 

301 +13 51 

10 271 -7 51 

11 286 -7 51 

12 301 -7 51 

STA. L.        W.L.        B.L. 

identical to Run 11 data 

1 271 63 31 

2 286 63 31 

3 301 63 31 

4 271 43 31 

5 286 43 31 

6 301 43 31 

7 271 63 51 

8 286 63 51 

9 301 63 51 

10 271 43 51 

11 286 43 51 

12 301 43 51 

13 301 23 51 

] 
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Run 19 

■ STA.L. W.L. B.L. 

16 182 1S6 1SR 

17 182 147 0.0 

Engine Inlet Duct 
1 

18 182 1S6 1SL 

19 182 147 1SL 

20 182 156 0.0 

21 182 147 15R 

1       12 208 134 0 

13 218 147 0 
Fuselage Temperatures 

14 257 110 0 

[ 
Wing and flap lower 

IS 269 126 0 

surface surface gas identical to Run 11 data 

temperatures 

Run 21 

Landing 1 271 -23 31 

Gear h/d =2.2 2 286 -23 31 

Rake 3 301 -23 31 

L/H wing J      6 216 100 61 

Gas 7 236 100 41 

(Internal) 8 278 100 41 

I      9 294 100 61 

Fuselage Temperatures identical to Run 19 

Engine Inlet Temperatures identical to Run 19 
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Run 41 

Engine Inlet Temperatures 

L/H Wing Gas Temperatures 

Wing and flop lower surface 
Gas temperatures 

Run 45 

Identical to Run 19 

identical to Run 21 

identical to Run 11 

STA.L. W.L. B.L. 

Aft fuselage gas temperatures 6 430 100 T.P.<i 

(about 1/2" clearance from 16 394 94 22 

skin) 17 430 110 19 

< 18 394 110 22 

19 376 110 23 

■ 20 406 110 21 

21 376 94 23 

Run 56 

L/H Flap-Ext. 6 324(324) 87(100) 25 

16 315(207) 92(99) 43 

17 324(324) 87(100) 61 

i 18 308(303) 98(98) 43 

19 308(303) 102(103) 43 

20 324(324) 87(100) 61 

21 315(207) 92(99) 43 

L/H Wing - Fwd. '  3 214 106 61 

16 214 94 43 

■ 17 214 107 43 

18 214 106 25 

19 214 106 43 

513 
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L/H Wing Int. - 

Fuselage - Internal 

identical to Run 

10        132                89 0 

11        230              114 0 

12-15       identical to Run 

514 
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Addenda to Thermocouple Location 

Run 11      Landing gear thermocouples - the beads were separated from 
the frame by 1/4" to 1/2". Two comments - 1) possible error 
due to radiation, 2) high gas velocity brought about rapid 
temperature changes and rapid attainment of equilibrium 

Wing gas temperatures - 16 and 17 were separated from skin 
by 1/4", 16 under wooden skin and 17 under ste ' skin. 18-21 
were separated from steel skin by 1/16 asbestos paper, but 
heat-sinked by brass mounting screw to skin.   18-21 were 
washer-type thermocouples 

Fan Inlet temperstures - G.E. had 8 thermocouples installed 
on each fan, 2 on the upper side of each strut.   These fan inlet 
temperatures should be considered suspect for two or three 
reasons.   First, they were mounted inside a shield intended 
to give them the stagnation temperature, however, the shield 
assumed the same temperature as the hot strut causing a 
radiation error.  Note that the temperatures rise steadily. 
Second, instrumentation technicians did not keep ice in the 
reference bath, so the data are also in error due to reference 
drift.   Third, the technicians did not always recognize 
individually each of the eight thermocouples.  Much later (for * i 
the ramp test) these thermocouples were replaced by true | j 
gas temperature couples, but this data is available only from 
G. E., because the data were recorded on an oscillograph to 
be reduced at Evandale. 

Engine Inlet - Six inlet thermocouples were recorded, but 
detailed interest was expressed after these data had been 
reduced.   Where a max, or min, is listed, it refers to the 
six temperatures. 

Fuselage Maximum and Wing Maximum - The same can be 
said for these measurements as was said for engine inlet. 

,      ., ..,      -- ■ ■--       ..■^.„■.-.^..■^.■„■.■..^- 
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Run 18     Wo change 

Run 19 The engine Inlet duct temperatures are recorded separately. 
The beads extended into the throat of the Inlet about 2" (from 
the side) at a point about 10" aft of the inlet mouth. 

Fuselage Temperatures - Bare thermocouple beads supported 
by ceramic separators and held 1.6" to 3" away from metal 
structure.  All couples (10-15) are on the ship centerline 
inside the fuselage. 

Wing and flap temperatures - same as Run 11. 

Run 21      Landing gear rake - Same as Run 11. 

L/H wing gas - listed separately for the first time.   These 
couples were bare heads mounted midway between upper and 
lower surfaces and about 2" to 6" from the fan. 

Fuselage temperatures - Same as paragraph above. 

< 
> I 

Engine inlet - Same as Run 18. 

Run 41      Engine inlet - Same as Run 18. 

L/H fan - Same as paragraph above. 

Wing and flap - Same as Run 11. 

Run 45     Aft fuselage temperatures - 7 couples were bare beads 
mounted 1/4" to 1/2" from skin. 

Run 55      L. Flap Ext. - No. 6, 16, 17, 18, and 19 were bare 
and 56      bead 1/4" from steel skin.   No. 20 and 21 were beads that 

were clamped between steel skin and the aluminum clip that 
held the associated air temperature couple.  Although these 
beads were heat-sinked to the skin and were probably 
closer to skin temperature than air temperature, they were 
not as accurate as a washer with a large contact surface 
would have been. 

• 
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9.6.5     Reduced Temperature Data 

The reduced temperature data presented In this section are identified 
in Section 9.6.4 and are augmented by the data in the following Section 
9.6.6. 
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RUN 11     H/D = 1.7 

Rdg. a ß V 
P 

N£ NPf 

42 0 -12 30 1700 0 
43 0 
44 15 
45 30 
46 40 
47 50 
14 -12 40 
13 0 
12 15 
11 30 
9 40 

10 50 
41 -12 60 
40 0 
39 15 
38 30 
36 40 
37 50 
27 0 80 
26 15 
25 30 
23 40 
24 50 
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RUN 11 -J 

Tamp. 1 
^y Corr. IWg. 16 17 18 18 20 21           1 

12 -66* 42 282 227 282 217 244 178 250 185 232 167 238 173 
0 -62 43 306 244 276 214 240 178 262 180 230 168 236 174 

16 -46 44 408 362 304 268 244 188 264 218 250 204 252 206 
30 •48 46 260 216 242 187 242 187 220 176 208 163 182 147 
40 -67 46 140 83 130 73 242 186 130 73 88 41 86/ 38 
60 -54 47 600t 646» 328 274 374 320 112 68 276 222 86 32 

-12 -60 14 268 208 260 200 200 160 224 174 206 156 212 162 
0 -03 13 272 208 270 207 212 148 248 186 240 177 240 177 

16 -76 12 386 311 302 226 ia& 147 268 183 252 177 268 183 
30 -70 11 204 134 138 68 226 166 166 86 182 112 158 88 
40 -76 8 266 181 210 136 230 166 160 76 144 68 130 65 
60 -80 10 600t 610t 328 238 306 216 160 70 410 320 136 46 

-12 •88 41 262 167 260 171 266 161 262 167 246 151 248 153 
0 -86 40 272 177 272 177 260 185 266 161 244 148 250 165 

16 -78 38 266 181 144 68 246 171 200 126 156/ 81 178 103 
30 -86 38 386 311 170 86 282 187 274 168 226/ 141 240 155 
40 -80 36 474 384 222 132 274 184 270 180 270 180 208/ 118 
60 -106 37 «00+ 484+ 344 238 362 266 376 270 674 468 430/ 324 
0 -41 87 262 172/ 133 268 227 208 167 144 103 174/ 133 

16 -44 26 282 248 178/ 134 288 244 256 212 180 146 214/ 170 
30 -62 26 388 346 230 78 302 260 342 280 326 274 286 244 
40 -60 23 428 378 264 204 280 230 250/ 200 286/ 246 186 146 
60 •76 84 600« 626+ 366 281 304 228 400 376 566 481 412/ 335 

Ö 

RUN 11 

d 'CORR. 16 17 18 19 20 21 a 

1 -35 153 81 139 81 93 85 -4 
2 -48 124 70 130 66 120 70 0 

40V-. 3 -59 187 67 125 63 75 70 +4 
K 4 -61 235 89 133 77 93 105 6 

01 = 

ßv = 350 5 
6 

-69 
-80 

259 
252 

121 
164 

139 
138 

103 
144 

125 
172 

133 
174 

8 
10 

7 -75 279 193 145 183 209 211 12 
8 -70 280 232 152 210 232 235 14 

15 -21 325 191 241 189 191 159 -4 
16 -18 358 198 252 238 250 194 0 

V    =80 17 -28 392 182 238 232 282 202 +4 
K 

a» 18 -37 419 175 231 ^23 307 205 6 
19 
20 

-51 
-53 

461 
511 

185 
209 

185 
187 

247 
293 

337 
363 

223 
259 

8 
10 

21 -53 547 275 189 325 397 295 12 
22 -64 510 210 208 118 380 126 14 I   ) 
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9.6.6     Aircraft Temperature During XV-5A Model Testa 

This section reproduces unpublished data NASA-Ames Test 177 
temperature presented in an Evaluation Memorandum prepared by 
General Electric Company. 
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EVALUATION MSMOnANDUSI 

T&E     -    E.M.   «110 

SUajZCT:    AIRCRAFT TEfJPERATURES DURING 
XV-SA MODEL TESTS 

^ 

DATE:     FEBRUARY 13,   1963 

AUTHOR 
0. C. AI^ORO 

cc: AP Adaoson 
ED Aldcrson 
DE Clark b Staff 
RT Hacnol 
LC Jonson 
WR Morcon b Staff 
RH Goldsnlth l> Staff 
JT Kutnoy 
WB Campbull 

Aircraft tonporatur« data gathorod durlnj the XV-5A model teats at Anea are 
preaentod her«. 

The data from Runa 11, 16, 16, 19, 21, 41, 49, SS and 56 were collected and 
reduced by Don Flahor of Ryan. Additional data are Included from Runa 99 
through 62. 

The following atatemcnta explain the tabulation of data,  (aoe Figure 1) 

Run 11:   Fan Inlet  - Obtained from G.E. fan Inlet thermocouples. 

Engine Inlet - Uaxloum fa minimum temperature from six inlet 
thoroocouplos («('16-21) aro presented. 

Landing Gear Rake - llunL.i .ni; Is aa follows:  (aeo Figure 2) 
on the In..'.»-d side, the upper deck Is numbered 
from forw^.-u 10 aft 1, 2, 3 and the lower deck 
4, S and 6; <j.\  the outboard aide, the upper dock 
la nuihlior.'' 1'ron forward to aft 7, 8, 9 and the 
lower dec:: xü, 11 and 12.  Note that at a model 
hol,rlith o.' 1.7, this rake is not In a true landing 
gdur position. 

P.un l'.>: 

:uin 18: 

Left Hand Wing - Six thcrtjocouples were placed on the wing and 
flap aa al.own In the diacram on the data ahoot 
for Run 10.  Numbers 16 and 17 were free air 
temporaturoJ, but the remaining four on the flap 
were allchtly slnkod to the flap alnk by their 
mounting screws. 

Wing Coa, Ma.dmum - Maximum of the nine internal wing gaa 
temperatures («»1-9). The number recorded waa 
usually 9 or 9. 

FuMolage Gas, Maximum - Maximum of six internal fuaelag« gaa 
temperatures (#10-15). The number recorded waa 
usually 14 or IS. 

Temperature-Plate aurvey aa diagramed on data ahoot. 

T  and T 
iL     1R 

Taken from analog sheet T.    - average of engine 

inleta 16-21.  (aee data ahoot for Run 19) 

Landing Gear Rake - Same aa for Run 11 with the addition of 13 

which la the temperature at the outboard-aft-floor 
corner of the rake. At H/D s 1.0, thoae data 

repreaent true landing gear temperaturea 
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8.it. #110 
Pago 2 

. 

Run 19 

Run 21 

Run 41 

Run 45 

Run S3 

Wing Surface; Wing C«», Uaxlaua: Fusclaff« Caa, lUxlaua - 
SOJB« aa Run 11. 

Selected data points as shown.  Inlet duct and fuaelage gaa 
teaperaturea are recorded Individually aa noted. 

Includes:  Three landing gear rake teaperaturea - Four L/H 
win; gas geaperaturea. Two fuselage 
toeperaturos. Si« engine Inlet teaperaturea. 

Data preaented oust be coaploted froa the Aaea run aheeta. 

Primarily aft fuselage temperature data. 

Reap Teat. Figure 3 shows location of the following typea of 
tberaocouplea. 

5 - Type A - Cas teaperature forward, L/H fan; 
Gas temperature forward, L/H  fan; exterior of wing. 
Gas teaperature Interior left wing. 
Gas teaperature interior fuselage. 
Gas tosperature exterior, L/H flap and trailing edge. 
Flap skin teaperature. 
Gas teaperature interior right wing. 

The following table explains the data. 

Gas tomperatj.-o forward, L/H fan; exterior of wing. 
Gas tecperature interior left win;. 
Gas temperature interior fuselage. 
Gas teaperature exterior, L/H flap and trailing edge. 
Flap skin teaperature. 
Gaa teaperature Interior right wing. 

5 - Type A 
4  - Type B 
6  - Type C 
5  - Type 0 
2 - Type E 
4  - Type F 

Run 56: Saae aa Run . 

Run 59: through Run 32: 

5  - Type A 
4  - Typo B 
6 - Type C 
5  - Typo D 
2 - Type E 
4 - Type F 

s 
z| 

> 
a. I 

NOTE:  There are only (3) coplea available of the following: 

Flgurea 1 and 3 
Data aheeta for Runs 11. 16, 18, 19, 21, 41, 45, 99 and 96 

If you would like to aee theae tabulationa, please aee C.C. Alford, 
J.O. Corbett or R. H. Goldaaltb 
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mm 

Z.U.  «110 
Paso 3 

TT 

• 

r.!Eru'!0C0»PLE j 
MOS'M ft I 
(o-3oo0r) 

BROWN *3 
(0-600or) 

/* 
3 

>. 4 

— 6- 
— 7 
- 8 
— 9 
- 10 
-11 
-12 
— 13 
—U 
— 15 
— 16 
_ i7- 
_ 18- 
— 18' 
— 20 
—21 

22 
23 
24 

F 
F 
A 

U 3 i-r uh* 

°Uf. .fu«. 

Recorder Temperature Compensator 
Uodel Terdnal Strl? Temperature 

A^ 
Ai A' ̂ <*. 
A I 

UMLA 

T-5S ID.oi Temperature 
T-56 Inlot To-?erature 
T-98 Inlv-t Tocperature 

6'0^ ß»> 

rv. x • 
9B) 

*'. liC ■M 
l& 01 
/r D f^ 
:9D 
t*Z 

%\*i 

•Note 1:  All tenpe.-aturea read on Bro-./n >rl should be corrected by adding 
At, where; ^T s 1S(1) - i:(l)- 

Kote 2:  Temperature* on Brown »3 should be doubled, then corrected by 
AT added as above. 

. 
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K 
9.6.7     40' x 80' Wind Tunnel and Aircraft Operational Control Data 

Test Control data are presented In this section together with occasional 
summaries of temperature data. Temperature data are identified from 
Section 9.6.6. 
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