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1 Design fuel line for ammonia

Due to the toxic and erosive properties of ammonia fuel line need to be careful design taken into
account various concepts in order to developed safe and easy tio operate test bench. During design of
the fuel line fallowing issues were taken into account: Firstly the proper measurement of temperatures
is required in order to control the possible local evaporation of the ammonia, next the velocities and
pressures in the fuel supply line have to be monitored. Third important aspect is the line operations
and feasibility study. Final, issue that need to be taken into account is safety of the system. Simplified
scheme of the fuel line with marked subsequent elements is shown in figure 1. Blue line indicates
the ammonia supply piping together with tank and to the emergency exit in case of problems during
operation.
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Figure 1: General overview on the design of the ammonia fuel line that will be used at the laboratory
conditions while technology will be tested

Two variants of the fuel lines were investigated here. It is worth to mention here that finally the
test rig used in the laboratory condition will have to options for testing. Selected option will be next
used during demonstration stage of the project. First configuration of the fuel line is shown in figure
2. In this solution high pressure pump is used to increase pressure of ammonia before delivering
it to injector. The min drawback of this configuration is necessity of application ammonia pump,
which can be problematic during operation. Nevertheless, pump issue has been discussed later in
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this report. Second configuration that is illustrated in figure 3 does not consist pump, while here
high pressure ammonia will be directly taken from tank. To increase pressure in tank compressed
nitrogen will be used.
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Figure 2: Solution of the ammonia fuel line - A
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Figure 3: Solution of the ammonia fuel line - B

Important step that need to be done during such a fuel line design is a proper selection of the sub-
sequent elements which will be used to monitor operational parameters as well as used for controlling
safety conditions during line operation. For that purpose intensive consultation with external expert
in field of control systems where proceeded. Based on that the initial configuration of fuel line was
slightly adapted in order to meet safety standard and ensure that operational parameters at the line
can be monitored and stored for farther analysis. Variant A of the ammonia line, after modification
is depicted in Fig. 4, where final design of sensors placement along fuel line can be seen. Here de-
tail description of subsequent parts included at the fuel line is gien. Block 0: Manometer 0-20bar,
Pressure sensor 8-10bar / 12 bar (warning), Presostat 15 bar (alarm). Block T1: temperature sensor
PT100. Block 1: pressure sensor 8-10 bar / 12 bar (warning), Presostat 15 bar (alarm), Coriolis’
flowmeter (4-20mA (mass flow rate), Output2 4-20mA (pressure up to 150bar), Output3 4-20mA
(temperature)). Block 2: Manometer 0-20bar, Temperature sensor PT100. Block 3: Manomeneter
0-160bar, Pressure sensor 140-160bar / 160 bar (warning), Presostat 165bar (alarm), Temperature
sensor PT100. Block T2: Temperature sensor PT100. Block 4: Coriolis” flowmeter (4-20mA (mass
flow rate), Output2 4-20mA (pressure up to 150bar), Output3 4-20mA (temperature)).

In case of unexpected problems with GDI pump used at the rig to pump ammonia from tank
with lower pressure (7.7 Bar) to injector another version of fuel line and sensors was also taken into
consideration. The general overview on the modified version of the line is shown in figure 5. The main
drawback of this solution is high operating pressure (around 150 Bar) within all all elements and
section of the lines, starting from working tank ZB2, downstream to common rail. Nevertheless, this
option is under consideration if problems with high pressure pump will appears during real testing
of the test bench.
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Figure 4: Fuel line configuration after providing necessary modification in order to meet safety

standards for automation systems - variant A (high pressure GDI pump used for ammonia pumping
included)

Programme operated by: Project consortium:

Page 5
R e g [sicmumersy ONTNU A |OGE [ 380n

of Technology Norwegian University of IN KRAKOW
Science and Technology



Norway
grants
o
=
3]
=
o
(9]
@
£~
8]
o
=
o
£
Pt
e
L~ —
~ v
8
&~ o
: g
:
o
(a'a] £ 2
L= .. 3
= 2
O
5
vy
ki O
2 =
g L g
e
v
Q
e g
s]
o O
G o o
£ (0]
b S Q
v n o
b = 3 o
~ 2 £
=
>
o
~ —_—
> —
L o & [= [
Re} o %
= c o
o £ L 4
S 20 <] R
£ g 8 P o £
< [ g 0 ™~ g _9
8 ¢ = o =
P 2 g b 3 ]
L ° =) = o o O £
_ C < c [e] a ©
. 53 ¥ of & o
2T £ = @ 2
08 = m = £
i Z ™~ o X
RS 2 =
al
5]
Ke]

Figure 5: Fuel line configuration after providing necessary modification in order to meet safety
standards for automation systems -variant B (pump replaced by high pressure tank)
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2 Design of test bench

Design of laboratory stand was mainly accustoming appropriate set of couplings, torque measuring
staff, shafts, engines positioning and workbench assembly. In order to achieve required precision sub-
sequent parts were selected and adjust taken available solutions offered at the market. As a result
of those processes configuration of the test-rig as presented in figure 6 was finally achieved. The
reason, way it was decided to used commercially available solution was to reduce cost of manufactur-
ing process. As an addition to necessities (working parts mentioned above and workbench including
positioning tables) positioning slots and screws were added. On top of that adjustable shield, steel
interchangeable with polycarbonate one, easily extended to either direction, was added to ensure safe
operating.

Figure 6: Laboratory test bench - 3D model

Initial project of laboratory stand - especially engines accommodation - was created according to
manufacturers information. After receiving engines - Lifan Compressed Ignition Engine (CI Engine
Lifan 186F) (see Fig. 11) and electrical motor, some changes proved to be necessary in order to
assemble subsequent elements. Succumbing to boundaries set by measurement equipment manufac-
turer laboratory stand detailed project and draft drawings was prepared. Selected dynamometer and
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