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1. PURPOSE: Efficient design of a turbine engine installation requires data on
the ways the engine rejects heat, the temperature 1imits of various parts of
the engine, and the changes in heat rejection from service, as well as a
method of using these data. A uniform, practical method of data presentation
and use is needed. Cooling margins developed by these methods would be
subject to full scale testing for verification.

2. SCOPE:

2.1 Method: A tested method of data presentation and use is described herein.
The method shown is a useful guide, to be used with care and to be improved
with use.

2.2 Axial Nacelle Air Flow: Machine computer programs and an example problem
are given for axial nacelle air flow.

2.3 Transverse Macelle Air Flow: Calculation is given for natural and forced
convection with example problems.

3. DEFINITION OF TERMS:

3.1 Nomenclature:

p o]

Area, ft2
Specific heat, Btu/1b deg F
Equivalent diameter of annulus, ft
Heat transfer coefficient, Btu/hr ft2 deg F
Thermal conductivity, BRtu/hr ft deg F
Effective conductance of shell, Btu/hr ft2 deg F
Prandt1l Number
Reynolds Number
Heat flux per unit length, Rtu/hr ft
D, - D

Radial spacing in annulus, ft = —2—2——1

o

AT D
m -

o oo nuwnu

Temperature, deg R

Velocity, ft/hr

Weight flow, 1b/hr

Axial distance from entrance or flow disturbance, ft

Equivalent emissivity for radiation between cylindrical shells. This
quantity includes the view effects and the emissivities

Stefan Boltzmann constant

Absolute viscosity, 1b/ft hr

Density, 1b/ft3

MXE =< W O Z=Z"XTOoO

m
-h
monowouon

=
w o n

3.2 Subscripts:

a = Relating to fluid a
b = Relating to fluid b
la = Relating to surface of shell 1 on the side toward fluid a
2a = Relating to surface of shell 2 on the side toward fluid a
2b = Relating to surface of shell 2 on the side toward fluid b

i Zone number
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3.2 (Continued):

IN = At inlet of zone
e = Effective
r = Radiation sink

3.3 Definition of Input for Listed Programs:

A = Mean air temperature of zone, deg R

Al = Flow area of zone, ft2

A2 = Surface area of engine zone, ft2

A3 - Surface area of nacelle zone, ftZ

C = Specific heat, Btu/1b deg R

D = Equivalent diameter of zone, ft

El = Emissivity factor for zone, dimensionless

E2 = Nacelle emissivity for zone, dimensionless

H9 = Nacelle heat transfer coefficient, Btu/hr ftZ deg R

K = Thermal conductivity, Btu/hr ft deg R

L = Length of zone, ft

M1 = Viscosity, 1b/ft hr

N1 = Prandtl number, dimensionless

Q = Heat rejected, Btu/hr ft

R = Laminar heat transfer coefficient of zone, Btu/hr ftZ def F
(from equation 2a)

T = Nacelle temperature, deg R

g T0 = Air temperature into zone, deg R

T1 = Engine surface temperature, deg R

T3 = Ambient air temperature, deg R

W = Air weight flow, 1b/hr

Z, 711, )

22, 73 = Convergence criteria

4. DATA TO BE SUPPLIED BY THE ENGINE MANUFACTURER:

4.1 Accessory Temperature Limits: Maximum temperature limits for accessories
must be specified at designated locations on the accessories.

4,2 Engine Skin Temperature Presentation: The skin temperature of the heat
producing parts of the engine must be calculated in each zone as a function
@  of heat rejection rate. These results are to be presented in graphical form
as in Fig. 1 and are to include engine zone designation, engine accessory
heat rejection data, and flange leakage data. Also, the range of engine
surface emissivity is supplied versus engine length, as plotted in Fig. 2.

4.3 Power Conditions: The heat rejection data presented shall be identified as
measured or estimated and shall be for the following conditions:

(1) Maximum power, Sea level, 103 F day
(2) Maximum power, Sea level, 130 F day
(3) Maximum power, 6000 ft altitude, S5 F
(4) Maximum power, Sea level, standard day
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4.4 Accessory Temperature Presentation: For the case of accessories on the
g surface of the engine, the specified surface temperature and heat generation
curves may be altered as shown by the dashed lines on the graph and nay
increase or decrease surface temperature.

—]

q, heat rejected/ft of engine length

Engine Surface Temperature, Ty

1 |
Zone a Zone b Zone c¢ 7one dZone e

Engine Length, L
FIGURE 1

Engine Surface Temperature Versus Engine Length for
Various Amounts of Heat Rejection

Cross sectioned area shows the range of the variation of the
expected emissivity

i

Engine Length, L

Emissivity, &

FIGURE 2

Engine Surface Emissivity Versus Length

Documents

Document Sharing Hub

Full document details: SAE ARP996A


http://www.avadocuments.com/doc/sae-arp996a
http://www.avadocuments.com/doc/sae-arp996a

SAE INTERNATIONAL ARP996 ™A Page 6 of 29

4.5 Zonal Heat Rejection Rates: Engine heat rejection due to flange leakage and
d from accessories and components must also be provided. Figure 3 provides a
graphical method of presenting this within each appropriate engine zone and
illustrates the heat rejection rates when these zones are compartmented.
Engine flange leakage is to be separately identified with the flange leakage
rates at specific axial and circumferential positions of the engine.

g2c _ due to leakage
Heat R
Rejection azb wd
Btu/Hr. “sb |

(_ﬁ_
q2a \hkk\\ Accessory

Heat Rejection

T
Zone 'a Zone 'b' Zone 'c Zone 'd'

ENGINE LENGTH L

FIGURE 3
Zonal Heat Rejection Rates

5. CALCULATIONS TO BE PERFORMED BY THE AIRFRAME MANUFACTURER:

5.1 Cooling Air Required: The amount of cooling air required must be calculated

@ to maintain the temperature of the engine accessories within acceptable
Timits, or maintain maximum requested engine skin temperature, as well as
providing cooling for airframe components which may require it, such as
hoses, structure, and cowling. Calculations must be carried out both for
cooling air required to maintain engine component temperatures with the
engine running throughout its operating envelope of ambient temperature and
pressures and after shutdown. Generally only convective flow is available
after shutdown and this condition may well become the critical case.

5.2 Samples Given: Two sample calculations are given in paragraphs 6 and 7.
The first is for axial nacelle air flow and the second is for transverse air
flow.
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5.3 Cautions Noted: Some of the radiation equations used in the heat transfer

@ calculations may be ignored if, with experience, it can be seen that these
effects are small. By the same token more extensive evaluation of the
engine's external film coefficients and surface areas may have to be
considered if it is shown that these effects are predominate in determining
the engine heat rejection rates. The potential for error exists if struts,
baffles or shields are encountered and changes in surface conditions in
service use such as dirt or grease can substantially alter the emissivity of
the surface.

6. AXIAL NACELLE AIR FLOW:

6.1 Calculation: The following calculation to determine the cooling air weight
flow and the nacelle temperature is made by assuming the engine to be
divided into several axial lengths and then performing a calculation for
each section. Since each section depends upon what happened in the upstream
section, they are all related to each other and must be analyzed
interdependently.

Fig. 4 is a sketch of an engine in an enclosure which has been divided into
axial sections.

A heat balance for arbitrary section i, shell 1, is as follows:

Heat Rejected = Radiation + Convection
— e —
915 9125 Na,
/ / (1)
Shell 2 Fluid a
Shell 1 Shell 1 Shell 1
For the case of transverse flow, see paragraph 7.
Substituting the expressions for convection and radiation heat transfer:
L. ql,=hy A (T - )
i i 1 1 1, a.
a li \ i i
(2)
4 4
teyp oAy (T1.‘T2.)
i i i
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6.1 (Continued):

Similarly for Shell 2. :
4 4
€ oA T - T )

f12 11 ( 11 21
= h A (T -T.)

2ai 2i 2i a;

(3)

+ h A (T, -T )

Zbi 21 21 2b1

4 4

Heat transfer coefficient is a function of weight flow and may be
substituted into the equations as h = f(W).

Ambient Air (Fluid b)
Enclosure

! “ (Shell 2)
.

Cooling Air

(Fluid 3 Engine Surface

/ (Shell 1)

|

1

|
i-1 | i

|

Hot Gas |

I

|

-— - 1--

Center Line

FIGURE 4

Paragraph 6.1.1 suggests possible correlation for h. From the graph of q

versus L, q; s obtained. Ta is the average air temperature of zone 1.
i i
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6.1 (Continued):

Another heat balance expressing the heat gained by the cooling air may be
written.

th, A, (T, -T_)
Za. 21 21 ai
| (4)
- 2wai cp Tai - Tai
IN
Tin, * Tour
T, = !
a 2

The three unknowns--T3, T2 and W--may be found from solving equations

(2) through (4) simultaneously. Since each downstream section is affected
by the section upstream from it, section 1 must be calculated first and then
the others in sequence.

From equations (2) through (4), the flow W1 for section 1 and the air

temperature, T51, may be calculated. This weight flow is that which is

needed to remove the heat rejected at section 1, qz1. Applying the

calculation to section 2, the weight flow W32 may be calculated using

T.. =T;, *2 (T, - T,,) in equation (4).

aly IN a IN

If Wa2 > W31, Wa2 must be used for the weight flow and Wa] must be

discarded since it is not large enough to satisfy the cooling requirement of

section 2. Using Ty2, section 3 may be calculated, the same process being

repeated. Obviously section 1 will be overcooled, but this is necessary so

that section 2 or some later section will be adequately cooled.

If Wop < W W,1 should be used and Ta. = Ta2 + 2 (Ta2 - Ta2 ) for the
TIN IN

calculation of section 3. The largest weight flow calculated is the cooling

flow necessary for the engine. Once the weight flow is determined, the

enclosure (or nacelle) temperature may be determined from equations (2) and

(3). The calculation need not start with zone 1 and may be shortened by

starting with one of the hot downstream zones.

al’

If many concentric shells surround the engine, the same procedure is
followed except that there is an additional heat balance equation for each
shell and each air flow,
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