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In recent years the scientific focus of the DLR Institute of Space Propulsion was placed on experiments related to rocket engine
combustion phenomena and thrust chamber aspects. A natural extension of this scientific portfolio is the step towards engine level
competence by joining the existing component level competences. The DLR project LUMEN (liquid upper stage demonstrator engine)
aims at developing and operating a modular LOX/LNG bread-board engine in the 25 kN thrust class for operation at the new P8.3
test facility in Lampoldshausen. This article discusses the background of the LUMEN project, its scientific goals and the means to
achieve them. The planned bread-board engine is described and the reasoning behind propellant selection, choice of the expander-
bleed scheme as the engine cycle layout and selection of technologies for key engine components is explained. This includes the API
injector technology for increased combustion performance and heat exchange, a battleship turbomachinery setup and a hybrid ceramic
nozzle extension design. The project logic, project timeline as well as recent advances and milestones are illustrated.
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Nomenclature

A : area, m2

a : angle, rad
B : block
b : base length, m
C : Cross section
c : coefficient
ca : coefficient for parameter a
cb : coefficient for parameter b
V : velocity, m/s
X : position
α : angle of attack, rad
β : sideslip angle, rad
θ : pitch angle, rad
φ : roll angle, rad
τ : torque, Nm

Subscripts
0 : initial
f : final

1. Background and motivation

DLRs Institute of Space Propulsion has a long standing her-
itage of experimental work related to aspects of rocket engine
thrust chamber design. Due to Europes traditional focus on
LOX/hydrogen propulsion systems, such as Vulcain, HM-7B
or Vinci, DLRs scientific focus was also placed on high pres-
sure combustion of LOX and hydrogen. The scientific fields of
interest included topics such as:

• Ignition and transients
• Combustion efficiency and dynamics
• Combustion chamber cooling
• Nozzle flow
• Thrust chamber structures

Experiments related to high pressure combustion were con-
ducted with a wide variety of test specimen at the European
research and development test bench P8, which offers the pos-

sibility to test at conditions representative of typical rocket en-
gines.4) Since 2014, DLR is also building up competences in
the field of turbomachinery.
In 2017, the LUMEN breadboard engine project was initiated
by DLR with the following main goals:

• Advancing the understanding of engine processes at a sys-
tem level

• Demonstrating the ability to predict the behavior of whole
engine cycles

• Linking of competences in engine component design ex-
isting at DLR

• Advancing the organizational ability to conduct engine
demonstrator projects in a research focused environment

• Providing a modular test bed for investigations of new
components and engine cycle layouts in later project stages
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2. LUMEN Demonstrator definition

3. Selected component technologies

4. Project timeline and development status

5. Outlook

6. Introduction

These guidelines include complete descriptions of the
fonts, spacing, and related information for producing your
manuscripts. Please pay extreme attention to keep the origi-
nal format shown in this file. Authors using LaTeX may use the
TJSASS class file and sample manuscript (this file) provided
by JSASS. But it should be noted that the document should be
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side: 17 mm
Font Times-New-Roman and symbol

submitted in PDF format, and that no support for this sample
manuscript and the class file is provided by JSASS. When mak-
ing a pdf file, all the fonts including the standard PostScript
fonts (such as Times and Symbol) must be embedded in the
document, and don’t use national (e.g. Japanese) fonts.

All manuscripts are to be submitted electronically via the
ISTS Web site at

http://www.ists.or.jp/paper.html

no later than the deadline designated in the ISTS Web page.

7. Formatting Your Paper

Each paper is allowed up to 10 pages of texts, including fig-
ures and tables. But never exceed 10 pages. Color graphics are
acceptable. However, movie files and some kinds of software
tools should not be included in the paper.

Papers with less than 6 pages will be automatically catego-
rized into “Research note”, and papers presented in u-session
of ISTS will be categorized into “Educational program report”
no matter how many pages when they are accepted for publica-
tion in Trans. of JSASS Aerospace Technology Japan.

The authors whose papers are not related to technologies but
science are encouraged to submit their manuscript to Transac-
tions of JSASS, but not Aerospace Technology Japan, because
Aerospace Technology Japan is a journal featuring the field of
aerospace technologies specifically.

Table 1 shows the form of the paper. The authors need not
put the notice of your paper number and the copyright on their
manuscripts. It will be put on the papers by the publisher.

8. Title etc.

8.1. Title
The title should be brief and concise. The title should be cen-

tered, and in Times 14-point, boldface type. Capitalize the first
letter of nouns, pronouns, verbs, adjectives, and adverbs; do not
capitalize articles, coordinate conjunctions, or prepositions (un-
less the title begins with such a word). Leave a blank line after
the title. The space between the lines is 17.5 point.
8.2. Author name(s) and affiliation(s)

Author names are to be centered beneath the title, printed
in Times, and non-boldface type. The full name must be typed.
Only primary contributors should be listed in authors list; others
may appear in Acknowledgment. The first name is printed in
10 pt, and the first letter of the first name should be capitalized.
The family name must be capitalized, only the first letter of the
family name is 10 pt, and the other letters of the family name
must be in 8pt. “and” is also necessary before the last author’s
name. For the case of more than two authors, a command is
necessary between author’s names.

Place a superscript number corresponding to the affiliation on

right of each author’s name, but after a comma between authors’
names.

Affiliations should follow on the next line, be centered, ital-
icized and in Times 8-point, not bold. City name must be in-
cluded, but prefecture (state, specified districts) name must
be excluded. Leave two blank lines after the affiliations. The
space between the lines is 10-point. Affiliation number with a
parenthesis must be placed in front of each affiliation in Roman.
8.3. Received date

“(Received date Month day, 2019)” is unnecessary when
submitting your manuscript for proceedings, but it is neces-
sary above Abstract when submitting to “Aerospace Technol-
ogy Japan.” The received date is the first date of submission to
“Aerospace Technology Japan.”
8.4. Abstract

Abstract should be indented 4 letters, 100- to 200-words,
written as a single paragraph and printed in Times 8.5-point,
not bold, flush left. Leave 30 mm in both sides. The space
between the lines is 11.5-point.

It should be a summary and complete in itself. The abstract
should indicate the subjects dealt with in the paper and should
state the objectives of the investigation. New findings and con-
clusions of the experiment or argument discussed in the paper
must be stated in the abstract.

Leave one blank line after the abstract.
8.5. Key words

Key word should be centered, in Times 8.5-point, not bold.
Begin by “Key Words: ” (in Times 8.5-points, boldface type,
and 2 letters blank) at the top. No more than 5 key words. All
words must start with upper case.

9. Main Text

Type your main text in 9.5-point Times, single-spaced. All
paragraphs should be indented 2 letters. Be sure your text is
fully justified. The space between the lines is 12-point.

9.1. Nomenclature
A nomenclature section is required for papers containing

more than a few symbols; nomenclature definitions should not
appear in the text. Nomenclature should be beneath the key
words as follows; “Symbol (V , X etc.) - : (colon) - (2 letter
blank) - Definitions”. The position of colon is 35 mm from the
left end of the page. Please use standard symbols whenever
possible. The symbols are in 9.5-point and the definitions are in
Times 9.5-point, not bold. The symbols must be listed in alpha-
betic order such as “A, a, B, b.” Greek symbols must be listed
in Greek alphabetical order after English alphabet. All symbols
need to be defined. All abbreviations need to be spelled out at
the first instance.
9.2. Introduction

The paper must include an Introduction - a brief assessment
of prior work by others and an explanation of how the paper
contributes to the field.
9.3. Major-headings

For example, “1.(2 letters blank)Introduction”, should be
Times 9.5-point boldface, with the first letter capitalized, flush
left, with one line blank from last, leaving one blank line to
next. Use a period (“ . ”) after the heading number, not a colon.



9.4. Sub-headings
For example, “4.4.(2 letters blank) Second-order headings”,

should be Times 9.5-point boldface, initially capitalized, flush
left and with no line blank from last.
9.4.1. Subsub-headings

For example, “4.4.1.(2 letters blank) Third-order head-
ings”, should be Times 9.5-point boldface, initially capitalized,
flush left and with no line blank from last.
9.5. Figures

Figure captions should be 8-point Times and centered. For
example: “Fig.(a blank)1.(2 blanks)The symbol of JSASS.”
Capitalize only the first word of each caption. Figure captions
must end with a period. The captions are to be below the figures.
Please use “Figure 1” or “Figures 1 and 2” at the beginning of
sentences. Otherwise, use “Fig. 1”, or “Figs. 1 and 2” in the
text. All figures must be referred to in the text.
9.6. Tables

Table captions should be 8-point Times and centered. For
example: “Table(a blank)1.(2 blanks)Form of the paper.” Cap-
italize only the first word of each caption. Table captions must
stop with a period. The captions are to be over the tables. All
tables must be referred to in the text. The horizontal top and
bottom lines must be bold. Vertical lines should not be used
unless it is difficult to distinguish columns.
9.7. Equations

The symbols should be in 9.5-point and centered. The equa-
tion numbers should be right flush as

A + B = C, (1)

and

D + E = F. (2)

Please use “Equation (1)” or “Equations (1) and (2)” at the be-
ginning of sentences. Otherwise, use “Eq. (1)”, or “Eqs. (1)
and (2)” in the text.
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A comma is necessary after each equation if equations are not
the last sentence. If the equation is the last sentence, a period is
necessary after the equation.

Fig. 1. The symbol of JSASS. Only the first letter in a sentence should be
upper case. Single-line caption should be centered. In plural-line cap-
tion, lines before the last one both sided, the last one flush left. Captions
must stop with a period.

10. Others

Formats for references and acknowledgments should fit to the
followings: For references, list and number all bibliographical
references in 8-point Times at the end of your paper. The space
between the lines is 10-10.5-point. When references are cited in
the text, write the numbers referred to as A,1) or B,2, 3) or C,5–11)

after a comma,?) or a period.14–24) If the numbered reference
citation is a word of the main text, write it as in the following
examples. “Reference 25) gives the definition of .....” at the
beginning of sentence, or “As shown in Ref. 26), the three-body
problem should be taken into account for mission design.” for
other cases.

The sample of references is shown at the end of this guide-
line. DOI is unnecessary for references. The heading of it is
“References” that is 9.5-point, bold, centered. All references
must be referred to in the text.27, 28)

The heading “Acknowledgments” is 9.5-point, bold, flush
left.
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13. Conclusion

Conclusion should be clearly stated.
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