NAL TR-497

NAL TR-497

UDC 533.6.011.6: !

532.526

WLE T WP R WS

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-497

A EL I S B AR GE ) — o LR K

B b S 2 HIE L 23y

# L+ &= # -+ Robert H Page

1977 % 4 B

R S I S T O T

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



IR B - TRt Rt R T R 1
T S~ S Pt 2
3. B T 3
3.1 JRAUEBDE T/ v crtontre it ot e ettt et et sae ieaa e aa e e e e e eas e 3
3.3 BAFER (free jet mixing region)  «werrrreesrsrsrseaetontme it 5
3.4 BESERCBERKER - S PP 8
3.5 BAFEIE e ereetetereteeniieniee it iteiie ae e aeeaa s iea eh et aee e e e e e ean aan 8
3.5.1 bulk temperature, Ty, DBRTE v oretrerronrorsrramsmasanaatinen i, 8
3.5.2 IRAXRX 9
4. gfﬁ@%ﬁ tecacecensn 10
5. HARRFIVERLOHEK 11
6. >Lpd - 16

figl. 70, 3BCLERTEEOR I~ , "B+ IVRE, BE o
7 4 MDA 19

. isentropic streamtube method {C X % BEaEtk DR OFE 7'+
APP.Z 2 U@ﬁﬁﬁﬁgé@ﬁﬁ ...................................................... 19
M E¥EERER(X,Y) LERERE(x,y) DBRFE - 20
V. EREER Y = » P BESERRIKXIT A Korst OB (EH—%F) 20
V. BRI BEET ABEOBLMED origin shift, oy » Yo DWTE rreveeerrraeneen 21

VI. AR DOAZWBE& D jet boundary streamline DII{R, Ny 23
SE (fully developed jet profile) srrrrereeeeseee 21

VI. AR EROEI T4 DOL 2 Djet boundary streamline DfL
B, 7y, (displaced Origin SOIULiQn) -+« rer-esrrermeemeeeneneortarnaeriutiuneenranins 29

. EEMBSS A= 295/ Poian/Toa , (SOK, QML AL DR

3

This document is provided by JAXA.



8 8 AL S T B AR 0E ) — 5 DL
—— BRBES 2 BEL L —

# E = ™+ Robert H. Page***

An Approximate Analysis of Supersonic Turbulent Base Heat Transfer
With Special Regard to The Effect of Boundary Layer Thickness

By Yasutoshi INOUE and Robert H. PAGE

ABSTRACT

Base heat transfer of a two-dimensional bluff body in supersonic and hypersonic flows is
analysed by the component analysis method, paying special attention to the effect of the ap-
proaching turbulent boundary layer thickness on the heat transfer rate.

Turbulent mixing between the quiescent fluid in the wake and adjacent isentropic super-
sonic flow under constant pressure is assumed. Hill’s origin shift method for the mixing layer is
employed in order to deal with the finite thickness effect of the turbulent boundary layer. Heat
transfer from the uniform flow to the base wall is analysed by taking account of two resistive
elements: (1) heat transfer across the mixing layer, and (2) heat transfer between the recirculating

. flow and the base wall. The Prandtl number of the turbulent flow is assumed to be unity, and

radiation is neglected.

The base heat transfer rate is given in terms of the ratio of the boundary layer thickness to
the base half-height, wall temperature ratio, and Mach number, stagnation pressure and stagnation
temperature of an approaching uniform flow.

Variations in the base heat transfer rate versus Mach number, wall temperature and bound-
ary layer momentum thickness ratio are shown and compared with a certain available experimental
data. The heat transfer rate shows the initial rapid increase and subsequent tendency to level-off
with the increase in boundary layer thickness.

Effects of boundary layer thickness on base pressure ratio and wake angle are also discussed.
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