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PREFACE

This report presents calculated heat transfer and cooling\systém
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 i |
contains supporting data including test results providing the
basis for estimates of external airframe heating, methods used 1
in calculation of cooling system performance and an analysis
of nftructural protection systems,
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9.2 SYMBOLS AND ABBREVIATIONS

Symbol Description

A Heat Transfer Area Normal to Direction of Flow
. ADU CT Cross-Sectional Area of Duct Branch in Question
i Af Radiative Heat Transfer Area Factor
| AL Wing Fan Area .
T AfF Area of Duct Facing Floor of Engine Bay
AFlapper Area of Boundary Layer Bleed Duct Flapper
Afp Area of Duct Facing Honeycomb Panel
Afw Area of Duct Facing Inside Vertical Firewall
Am Cross-Sectional Area at Station m of Duct
Am+1 Cross-Sectional Area at Station m+1 of Duct
Am+2 Duct Area at 2nd S8ection From Section n
! A Inside Area Honeycomb Panel
.' 3 AR Duct Area of the R'" Section of Duct
zl
= Ag Tailpipe Shroud Area
’ |
| AT Heat Transfer Area of Duct or Turbine Casing
|
A Area of Tailpipe
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Symbol

Description

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
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Symbol

Description

EGT
(EGT)

(EGT)

Exhaust Gas Temperature J85-5B Gas Generator
Exhaust Gas Temperature Left J85-5B Gas Generator
Exhaust Gas Temperature Right J85-5B Gas Generator
Friction factor

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

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 Outsice Honeycomb
Panel to Environment or Fuselage to Environment

Radiative Shape-Emissivity Factor Duct to Honeycomb
Panel

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
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Symbol

Description

Gr

G.W,

h/D

Acceleration of Gravity
Flow Raiz per Unit Area, or a Constant
Grashof's Number

Gross Weight

Convective Heat Transfer Coefficient, Height of Wing Fan

Above Ground
Heat Transfer Coefficient Fuselage to Ambient
Convective Component of ha

Radiative Component of ha

Convective Heat Transfer Coefficient Engine Bay Floor

to Center Fuselage Air

Convective Heat Transfer Coefficient

Convective Heat Transfer Coefficient Between Duct and

Shroud

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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Description

Convective Heat Transfer Coefficient Outside Honeycomb
Panel to Outside Air

Convective Heat Transfer Coefficient; Inside Honeycomb
Panel Surface to Air

Radiative Heat Transfer Coefficient

Radiative Heat Transfer Coefficient Between Duct and
Shroud

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
Convective Heat Transfer Coefficient Tailpipe to Cooling Air

Convective Heat Transfer Coefficient Vertical Firewall
to Air

Convective Heat Transfer Coefficient Fuselage to Fuselage
Air

Convective Heat Transfer Coefficient Fuselage to Outside
Air

Heat Transfer Coefficient

Heat Transfer Coefficient Between Fuselage Walls
Convective Component of h2

Radi ative Component of h2

Total Heat Transfer Coefficient Between Duct and Shroud
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Heat Transfer Coefficient

Ficticious Slab Interface

Symbol Description

h5-6

i

j Time Increment

k Ratio Specific Heat
K

=

€34

K(G)

TR T T N I I T e R A T, TR

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 Rth Section of a Duct
Total Value of Pressure Loss Coefficient

Total Value of Pressure Loss Coefficient at Cross-8ection
n of Duct

Thermal Conductivity Power Distribution Ducting
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Symbol Description
k 45 Thermal Conductivity Fiberglass Shroud :
1 Length of Duct Under Consideration or Thickness of a
Honeycomb Panel
L Length Used for Convective Heat Transfer Coefficient *
Ln Length of Section n of duct
M Mach Number
M M =c - v (AX )7k Aé
A A p2 i i
Mach Mach Number: - Ratio of Actual Speed to Speed of Sound ' i]
N A Defined by Equation N A hgi Ax/ k‘
NF RPM or % RPM of Wing Fans
NFL RPM or % RPM of Left Wing Fan
NFR RPM or % RPM of Right Wing Fan
N Gr Grashof's Number
Np RPM or % RPM of Pitch Control Fan
) Local Pressure
e~
E % Pa Ambient Pressure
i zi Pamb Ambient Pressure
:i Pi Cooling Fan Inlet Pressure
; : Po Ambient Air Temperature

Pp Total Pressure of Primary Air in Ejector
P Prandt'ls Number
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Description

Tl

T2
PTI

PTI
PTI
pTIml
PTO
PTO

PTOm 1

AIR

Reference Pressure

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




Description

RYAN ’
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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
Alr

Convective Heat Transfer Rate From Shroud to
Fuselage Air

Heat Transfer Rate From Turbine Casing or Wall to
Engine Bay Air

Convective Heat Transfer From Shroud to Cooling
Ailr

Convective Heat Transfer From Tailpipe to Cooling
Air

Convective Heat Transfer Vertical Firewalls to Engine

Bay Air

Net 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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Description

Total Encrgy Input to Generator

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

Heat Transfer Rate Across Honeycomb Panel
Dynamic Pressure at Duct Station m
Free Stream Dynamic Pressure at Aircraft Speed

Heat Transferred from Hydraulic Oil in Cooler

Wing Lift Fan Stream Dynamic Pressures

Pitch Fan Stream Dynamic Pressure

Radiative Heat Transfer Rate Engine Bay Floor to
Center Fuselage

Radiative Heat Transfer Turbine Casing or Duct to
Engine Bay Floor

Radiative Heat Transfer Outside Aircraft Surface to
Environment

Radiative Heat Transfer Turbine Casing or Duct Wall
to Honeycomb Panel

Radiative Heat Transfer Shroud to Fuselage
Radiant Heat Transfer Rate Tailpipe to Shroud
Radiative Heat Transfer Tailpipe to Shroud

Radiative Heat Transfer Rate Turbine Casing or Duct
to Vertical Firewall

Radiative Heat Transfer Rate Turbine Casing Axially
Along Engine Bay
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Symbol Description s
qEi Effective Fan Stream Dynamic Pressure
qs Dynamic Pressure of Air Stream Running Along the Ground
‘ Ugo1ar Rate of Heat Addition Due to Solar Heat Load
q1 Dynamic Pressure Boundary Layer Bleed Duct Air at e
Flapper
q1 - Heat Transfer Rate Across Insulation
q 2 Dynamic Pressure Large Cooling Fan Duct Air at Flapper
q2_3 Heat Transfer Rate Across Fuselage Wall
qa_a Heat Transfer Rate Fuselage Wall to Environment
r Recovery Factor
R Gas Constant
Re d Reynolds Number for Flow Inside Ducting
Re Reynolds Number for Flow Over Flat Plate
RE Arithmatic Mean Reynolds Number
RPM Revolution per Minute
- S Distance fromTailpipe Nozzle Plane to Shroud Exit Plane
p
§ STA Alrcraft Station
zt:! :; Distance Between Fans
pe
4 I t Temperature
T Absolute Temperature
ta Ambient or Outside Air Temperature
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Description
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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 j

Gas Temperature at j+1th Time Increment
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Symbol

Description

t
n, j+1

Wing Fan Exhaust Gas Temperature During Test
Wing Fan Exhaust Gas Temperature at 100% Power
Generator Outlet Air Temperature

Absolute Total Temperature of Gas Stream in Duct
Absolute Temperature Duct Gases

Hot Gas Temperature from Wing or Diverter Valve Leakage
Temperature of Air to Engine Bay from Flapper
Temperature at i interface at jﬂ‘ Time Increment
Temperature at it Interface at }+1*® Time Increment
Temperature at i-1'" Interface at i Time Increment
Temperature at 1+1%0 Interface at jﬂ‘ Time Increment
Temperature of D;act Leakage

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

Absolute Mean Temperature of Cooling Fan Plenum Air
Maximum Landing Gear Environmental Temperature

Measured Temperature of Landing Gear Environment
During Test

Temperature at Insulation-Metal Plate Interface at jth
Time Increment

Temperature at Insulation-Metal Plate Interface at hlth
Time Increment

Outside Air Temperature

273




Description

Absolute Temperature Outside Air g 1
Temperature Inlet Oil to Hydraulic Oil Cooler

Temperature Outlet Oil from Hydraulic Oil Cooler 21
Temperature Gas-Insulation Interface at jth Time Increment
Temperature Gas-Insulation Interface at j+ 1*" Time Increment
Wing Fan Lift at pv=0,M=0, andﬁs=0 k.

Temperature Inlet Air at Fuselage Port or Pitch Fan

Inlet Air
Absolute Temperature of Primary Air of Ejector
Absolute Temperature Inside Surface Honeycomb Panel

t J+1 Assumed Temperature Insulated Plate Temperature at

P j+1th Time Increment

Tpo Absolute Temperature Outside Surface Honeycomb Panel ﬁ

i TREF Reference Temperature .-

'I‘s Absolute Temperature of Secondary Air of Ejector, { q
Fiberglass Shroud or Cooling Air Temperature

TSO Absolute Temperature of Outside Fiberglass Shroud

T Absolute Temperature Turbine Casing or Duct or

T g

Shroud Temperature

TT' Tailpipe Temperature

Tw Absolute Temperature Vertical Firewall

'I‘x Absolute Temperature Honeycomb Panel Aft of

Turbine Casing

;
. . o s - ¢ g i 2 o T
A ke — e e N e S b RN e D R e i o i o . T R e et e S, o e s, ST il




RY..N

i 64B017

Symbol

Description

00

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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>