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A Turbulent Boundary Layer Effect of the De-Laval Nozzle
on the Combustion Chamber Pressure
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Abstract

A Compressible turbulent boundary layer effect of the high temperature, accelerating gas flow
through the De-Laval nozzle on combustion chamber pressure is numerically investigated. For
this purpose, the coupled momentum integral equation and energy integral equation are solved
by the Bartz method, and 1/7 power law for both the turbulent boundary layer velocity distri-
bution and temperature distribution is assumed. As far as the boundary layer thicknesses are
concerned, we can obtain reasonable solutions even if relatively simple approximations to the
skin friction coefficient and Stanton number have been used.

The effects of nozzle wall cooling and/or mass flow rate on the boundary layer thicknesses
and the combustion chamber pressure are studied. Specifically, negative displacement thickness
is appeared as the ratio of the nozzle wall temperature to the stagnation temperature of the

free stream decreases, and, consequently, it makes the combustion chamber pressure low.
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Fig. 1 Nozzle contour and coordinate system
All dimensions are in mm

Table 1 Basic flow condition
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Table 3 Entrance conditions

A
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Table 4 Distributions of ¢/6 and 4/9

2L Entrance condition 1 Entrance condition 2 Entrance condition 3
/
¢/0 4/8 ¢/ 4/8 ¢/ 4/8

0.0 1. 000 1. 000 0. 000 0. 000 1. 089 1. 010
0.2 1.553 1.523 0. 839 0. 800 1. 804 1. 767
0.4 2. 068 2.012 1. 990 1.939 2. 337 2. 269
0. 488 (throat) 2.125 2. 054 2. 094 2.025 2.357 2.270
0.6 2. 097 1.995 2,077 1.976 2.312 2.188
0.8 1. 960 1. 839 1. 942 1. 824 2.178 2. 027
1.0 1. 898 1. 764 1. 882 1. 751 2.107 1.939
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