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The design of a submerged nozzle or the conversion of an external nozzle
into a submerged one is a common solution for optimal space utilization in
motors facing volume or length constraints. In a submerged nozzle
configuration, the nozzle inlet duct, throat, and a portion of the exit duct can
be recessed inside the combustion chamber. Designing a submerged nozzle
is more complex than an external nozzle because, structurally, the
submerged section must withstand not only the forces on the internal
surfaces but also the external pressure force. For this reason, there is also a
possibility of increased engine weight due to the use of a submerged nozzle.
This paper focuses on the conceptual design of a submerged nozzle with the
aim of converting the external nozzle of a specified engine into a submerged
one. Five designs based on submersion ratios from 15% to 75% were
selected, and for each, a table of longitudinal, weight, and performance
estimates was extracted for two states: a fixed body and a body with
extended length. Evaluation of these designs shows that submersion ratios of
60% and 75% cause a significant loss in total impulse, which requires an
increase in engine length in the grain and body sections to compensate. The
optimal design is achievable in the 30% to 45% submersion ratio range since
it results in a suitable length reduction, and the associated weight increase
and total impulse loss are minimal.
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Fig. 1. A typical external nozzle.
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Fig. 2. A typical submerged nozzle.
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Fig. 3. Simplified geometrical model of the motor with
external nozzle.
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Table 1. Performance characteristics of the current motor with
external nozzle.

Parameter Unit | value
Total impulse KN.s | 578
Averge thrust KN | 105
Burning time Sec 5.5
Qase inner diameter (grain outer mm | 435
diameter)
Motor length mm | 1390
Motor mass Kg 250
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Fig. 7. Parameters affecting on the amount of submerging.
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Fig. 6. Temporal changes of motor pressure during the

operation of grain with internal, aft-end, and back-end burning
faces and comparison with experimental results.
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Table 2. Summary of the results of the conceptual design of scenarios 1 to 5.

Parameter Unit Scen 1 Scen 2 Scen 3 Scen 4 Scen 5
. fem % 15% 30% 45% 60% 5%
submerging
fsm,cd % 19% 37% 56% 75% 93%
Lsm mm 68 136 203 271 339
Grain Lsmg mm 0 47 114 182 250
geometrical Lsmg+dLsm mm 4 72 139 207 275
parameters Asmg dm? 3.49 3.49 3.49 3.49 3.49
Vsmyg dm? 0.133 2.50 4.87 7.24 9.61
fvsmg % 0.1% 1.6% 3.2% 4.8% 6.3%
Without dLsmm mm 68 136 203 271 339
increasing (fsm.m) (%) (15) (30) (45) (60) (75)
the case dMsmnz kg 0.90 1.90 3.3 47 6.8
length T kN 121.2 118.8 117.7 114.9 110.0
(far) (%) (0.0 (2.0 (2.9 (5.2) (10.0)
dLsm,cc mm 0 14 28 41 54
With dLsmm mm 69 121 176 230 285
increasing (fsm.m) (%) (15) (27) (39) (51) (65)
the case dMsm,cc kg 0 17 34 5.0 6.7
length dMsm kg 0.90 3.6 6.7 9.7 135
T kN 121.2 121.2 121.2 121.2 121.2
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Fig. 9. The concept design 3; motor with 45% submerged
nozzle (units: mm). (a) without increasing the case length, (b)
with increasing the case length.
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Fig. 8. The concept design 1; motor with 15% submerged
nozzle (units: mm).
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Fig. 11. Pressure temporal change of design 3: motor with
45% submerged nozzle.
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Fig. 9. Changes in the submerged nozzle cavity during grain
burn-back for design 3.
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Fig. 12. Pressure, nozzle thickness and radius in design 3.
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Fig. 13. Design parameter changes based on the submerging
ratio. Top: Total submerged length, submerged length in the

grain and motor length reduction; Middle: Motor grain, nozzle,
case and total mass; Bottom: Thrust and total impulse changes.
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Fig. 14. Changes in the trust-time diagram in the five selected
designs.
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