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In the case of a = 8° the flow separates from the exit cone of the center body thus
affecting the performance of the diffuser. Though the Table 4 indicate that the vacuum
pressure obtained are almost same, but due to the losses associated with the strong
shock and subsequent flow separation obtained in o = 6° and a = 8° respectively the
optimum cone angle for this configuration and operating conditions of the nozzle may be
a = 3.75°.

6.5 Influence of ratio of center body diameter to diffuser diameter D¢p/ Dgy

Among the various parameters, the center body diameter to diffuser diameter D¢,/ Dy
has been observed to significantly influence the starting characteristics. The total possible
range of variation for De,/ Dgis 0.25, 0.34, and 0.41 but keeping the Aq/ A" constant at
21.36. The area at the throat of the centre body has to be larger than then the nozzle
throat, since it has to accommodate the additional mass flow due to entrainment from the
vacuum chamber. The effect of varying the ratio of centre body diameter to the diffuser
diameter is shown in Figures 21, 22 and 23.
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Figure 21 Mach number contour plots of diffusers with diameter of centre body to
diffuser diameter D¢/ Dg= 0.41
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Figure 22 Mach number contour plots of diffusers with diameter of centre body to
diffuser diameter D¢/ Dg= 0.34
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Figure 23 Mach number contour plots of diffusers with diameter of centre body to
diffuser diameter D¢/ Dg= 0.25

Simulations have been carried out for a D¢/ Dg in the range of 0.25 — 0.41. Values
which are more than 0.5 are avoided, since they will necessitate very high stagnation
pressure for the diffuser starting. From the Figure 21 it is observed that the diffuser does
not attain started mode for the stagnation pressure 18 bar but attains started mod for a
stagnation pressure of 19 bar. It is evident from the Mach number contour plot that the
area at the throat portion of the centre body is too small, the diffuser duct cannot swallow
the shock cells unless the exhaust gases have very high momentum, and therefore the
terminal normal shock remains inside the nozzle itself. In the case of Dq/ Dg =0.34 the
Mach number plot shown in Figure 22 clearly shows that the diffuser attains started mode
attains stagnation pressure of 18 bar itself. In the case of D¢/ Dg =0.25 the Mach number
plots shown in Figure 23 indicates clearly that the diffuser does not attain started condition
for the stagnation pressure of 18 bar and 19 bar. Since the centre body diameter is very
small the centre body diffuser acts like an SED, which requires higher stagnation pressure
for the start of the diffuser system. If the diffuser starts at a lower P value, the back flow
can be arrested at an earlier instant of the initial transient period for the engine, which is
highly desirable. The predictions clearly indicate that there exists an optimum D¢,/ Dy for
which the stagnation pressure required for diffuser starting is minimum.

6.6 Influence of Diffuser area ratio Aq/ A

The variation of minimum overall starting and breakdown pressure ratios Po/p, with
diffuser area ratios A4/A* is presented in Figure 24 for the primary contour nozzle and
center body diffuser configurations investigated with air as the working fluid. Diffuser
overall length-diameter ratio Ly / Dy was greater than 6 in all cases. As expected, the
minimum pressure ratios for diffuser starting increased as diffuser area ratio was
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increased. The cylindrical-diffuser configurations included diffuser area ratios A4/A* greater
than primary-nozzle area ratio A/A* in all cases, a range of diffuser area ratios 23.6 to 54,
at constant primary-nozzle area ratio with contour nozzle A/A* = 21.77, from. The
numerical results of Figure 4 show that the minimum pressure-ratio requirements of centre
body diffuser configurations are primarily a function of diffuser area ratio Aq/ A”.
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Figure 24 Diffuser area ratio vs. overall pressure ratio required for starting

The Mach number contour plots for the range of Aq/ A" is shown in Figure 25.
Minimum pressure ratio requirements, however, would be obtained as diffuser area
approached nozzle-exit area. The primary influence of nozzle area ratio, then, is that it
approximately determines the minimum usable diffuser area ratio. It is necessary, however,
that the diffuser area be somewhat greater than that of the nozzle exit to prevent nozzle-
diffuser interactions.

Supersonic Exhaust Diffusers are generally used for simulating high altitude
conditions on ground and for qualifying the high expansion rocket engines used as upper
stages of satellite launch vehicles. In this study extensive numerical investigations have
been carried out on supersonic exhaust diffusers (SED) with and without centre body and
using both conical and contour nozzle driven by cold nitrogen gas. The starting
characteristics of these two types of exhaust configurations were evaluated. The effects on
the performance due to geometric parameter variations, such as cone angle, length,
diameter of the centre body, were investigated for the centre body diffuser.
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Figure 25  Mach contour plots for started diffuser for Aq/ A" =23.6 - 54

CONCLUSION

The centre body influences the flow field due to the presence of the oblique shock. The
diffuser can achieve earlier start when the centre body is close to the nozzle. The Mach
number decreased rapidly in the presence of the centre body. The Mach number
variations show significant effects due to the geometrical parameters of the centre body.
The Mach number variation along the centre body is in agreement with the Mach contours
such as the obligue shock and reflected shock over the centre body. The pressure is
having many sharp peaks for the case without the centre body. The presence of the
centre body can be used to get nozzle starting condition depending on the operating
condition of the nozzle. Thus the centre body can be deployed depending on the nozzle
expansion ratio.
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