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Characteristics and Key Parameters of Dual Bell Nozzles
of the DLR, Germany
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ABSTRACT

Various types of altitude compensation nozzles have been investigated to develop
an effective propulsion system. In order to obtain baseline data for future study of
dual bell nozzles, main characteristics and key parameters of dual bell nozzles are
summarized and described by analysing DLR dual bell nozzles. DLR’s experimental
researches show that inflection angle is proportional to transition NPR, and extension
length is proportional to side load, but inversely proportional to transition NPR and
transition duration. Therefore, the nozzle geometry can be determined through the
performance prediction process and thus the optimization process is required to meet
performance requirements between parameters.
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Fig. 4. Wall pressure distribution of dual bell
nozzle under vacuum condition, and
separation point prediction under 1
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Table 1. Primary tests conducted by DLR[13-19]
Year 2009 2010 2011 2012 2013
Throat radius(r), mm 10 10 10 8 9 10 9
Base length(Ly), mm 52 60.7 52 130 1359 | 62 135.9
Extension length(Le), mm 83 135 135 120 107.1 | 83 107.1
Base expansion ratio, ep 1.3 1.3 1.3 3.95 39 |11.3 3.9
Extension expansion ratio, e | 27.1 271 271 7.97 71 12741 7.1
Inflection angle(a), deg 9 9 9 15 15 |72 15
Nozzle configuration 3D 3D 3D 2D 2D | 3D 2D
Chamber pressure(max.), bar| 50 | 50 35 50 35 30 60 30 55 30 60
Total temperature, K 300 | 300 | 300 |300| 300 1000 | 300 | 1000 | 300 | 1000 | 300
Propellant Ny N> N> Ho/Os | No | Ho/O2 | No | Ho/Os | N2
Test environment Sea | Sea H|gh Sea ngh Sea level Sea | Sea Sea level
level |level | altitude |level| altitude level |level
Test facility P6.2 P6.2 P6.2 M11.1[ P62 [M11.1[P6.2| M11.1]P6.2
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Fig. 10. Transition NPR comparison between
theoretical values and experiments[21]

Fig. 11. Dual bell nozzles with different
lengths for N2 cold gas
experiments[13]

Table 2. Transition and retransition NPRs
with nozzle extension length[13]

Series 1 2 3 4 5 6

L 0.16 | 0.30 | 0.41 | 0.49 | 0.56 | 0.61
NPRyans | 48.6 | 47.0 | 46.2 | 454 | 44.3 | 43.8
NPRrerans | — |45.1|419]383|349 327
Difference | - ]1.90]4.30|7.10]9.40 | 11.1
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al

L
A% Ay w2 FFE do|rl AFFE o
/A F o] NPRo] #HA3lal, A o] NPRe] #H
o] NPRE T} Zgkt}y, z1gjar Hol/zFH o] NPR
o] A= FAAF dol7} A& FUtststh

w4 =Zo] 3 AEdA
o]t Ftol=

o] AEFAIZFE T+
Q20]tH20]. E3] A
sneak transition Fig. 9o A¢} #Zo] NPR %3}
of ®l3] wi-9 =g]7] wjFo AA o] o=
sneak transition®] W& =35 WAL 4T
T don, FEERIZ, FAE)Y &4 BA
s17] flliAe o] AIZHS HAaslsfoF ot

hf pressure sensors

If pressure sensors

Fig. 12. Dual bell nozzle to measure
transition duration[23]
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o] AEAZF 7Haol FeAo we =& 2d Fig. 14. Schlieren visualization of the flow
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Fig. 18. Result of side load measurements[20]
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