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Jet pumps function without moving
paris. They operate solely according
to the laws of low. Many new fields

of operation were opended up during
the past two decades especiaily for
the gas jet gas pumps. Nowadays they
serve as mixing equipment for gas-
gas mixtures in connection with natu-
ral gas and liquefied petroleum gas,
as pre-pumps in vacuum generation
equipment, and in liguid petroleum
loading facilities for shifting the con-
centration of flammable waste gas
mixtures to regions outside the explo-
sive limits, as start-up device for non-
selpriming centrifugal pumps, etc.

Strahlpumpen arbeiten chne bewegte
Maschinenelemente. Sie werden
ausschiieBlich nach den Gesetzen der
Strémungslehre betrieben. in den ver-
gangenen zwei Jahrzehnten konnten
sich besonders die Gasstrahl-Gas-
pumpen viele neue Einsatzbereiche
erschlieBen. Sie dienen heute als
Mischaggregate fiir Gas-Gas-Mischun-
gen im Zusammenhang mit Erdgas
und Fliissiggas, in Yakuumerzeu-
gungsanlagen als Vorschaltpumpen,
in Verladeanlagen fiir flissige Mineral-
81-Produkte zur Verschiebung der
Konzentrationen ziindfdhiger Abgas-
gemische in den Bereich auBerhalb
der Explosionsgrenzen, als Anfahr-
vorrichtung filr nicht selbstansaugen-
de Kreiselpumpen usw.
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Function of Gas Jet Gas Ejectors

As shown in Fig. 1, the motive medium
flow passes through the Gas Jet Gas
Ejector as shown.

The suction medium is fed tothe system
after the motive nozzle (Laval nozzle) to
mix with the motive medium.

The cross section of the ejector in the
direction of flow changes such that
pressure within the motive nozzle de-
creases, while speed increases. In the
opposie sense, flow speed decreases
in the discharge diffuser while pressure
increases to equal back pressure atthe
jet ejector outlet.

The lowest static pressure will occur in
the area between motive nozzle and dis-
charge diffuser. This is where the suc-
tion flowis fed viathe suction inlet tomix
the high speed motive medium. Part of
the high kinetic energy of the motive
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Fig. 1. Sectional view of a Gas Jet Gas Compressor
with motive nozzle adjustment and z flow control
valve checked by the nozzie needle to assure a
constant suction flow (MS) : motive flow (MTR)}ratio
across a wide operating range.

flow will be transferred to the suction
fiow inside the intake diffuser. Motive
and suction flow passing the discharge
diffuser are thus slowed down while
pressure increases,

For Gas Jet Gas Ejectors, the ratio be-
tween discharge pressure (PR} and
suction pressure (PS) represenis the
compression ratio.

As the critical pressure ratic is excee-
ded in the motive nozzie of the Gas Jet
Gas Ejector, the motive flow will be ac-
celerated to supersonic velocity. Both
motive and suction flow, mixing at su-
personic speed, wili then be slowed
down to about the velocity of sound be-
fore reaching the end of the inlet diffu-
ser. The substantial pressure increase
takes piace within the diverging di-
scharge diffuser (see the graph, Fig.2).

Jet Ejectors operating with
evaporated liquefied gas as motive
medium

Jet ejectors using evaporated liquefied
gas (usually propane orbutanegasora
mixture of both) operate by sucking
either air from the atmosphere, or com-
pressed air, before feeding the mixiure
into an existing gas network as requi-
red.

Such jet ejectors will only be used if na-
tural gas or town gas is not available in
sufficient quantities.

Thus operating the Gas Jet Gas Ejector
wil not be necessary unless normal
supply is interrupted or peak load sup-
ply required.

The heating value of the mixture leaving
the Jei Ejecior is equivalenitothat of the
gas normally used in the gas network.
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Fig. 2. characteristic curves of 2 Gas Jet Gas
Gompressor  {MTR=consiant), MTR=maotive
flow; MS=suction flow; PS=suction pressure;
PD=discharge pressure; P87 > PS6 > PS5 >
PS4 etc.

Jet Ejectors using natural gas as
motive medium

Jet ejectors operating with natural gas
can suck evaporated liguefied gas (pro-
pane, butane, or a mixture of both) to
increase the gas mixture’s "Wobbe”
facior.

Naturalgasoperated jetejectorscanbe

designed for various appiications:

a) Gas Jet Gas Ejectors may be usead,
for instance, if two different types of
natural gas with difference "Wobbe”
factors are used within the same gas
network. In such case, a Gas Jet Gas
Ejector could mix the two gases to
obtain a constant "Wobbe” factor.

b} Such Jet Ejectors are commonly
used in connection with gas tanks
storing different gas volumes. Inview
of the fact that gas works are gene-
rally under strict cbligation to their
gas suppliers with regard to guaran-
teed daily quantities and continua-
tion of supply the possibility of sto-
ring natural gas at times of low con-
sumption and to supply from stock if
peak load service is required, beco-
mes an essential issue. An intere-
sting exampile of aninstallation ofthis
typeisinoperationfor10yearsinthe
municipal gas works in Munich
(Fig.3).
in order to propel the gas storedina
gas tank with a maximum capacity of
185000m® at an over pressure of
28mbar to the required distribution
pressure, two Gas Jet Gas Enjectors
are installed capable of conveying
the aspired gases to & pressure ievel
which may be up to 115 mbar higher.
Each is capable of delivering a maxi-
mum flow of about 50000 m%h and
thus handle the fotal supply, with the

second one serving only as a stand-
by unit.
By means of a control spindle, the
motive flow can be regulated conti-
nuously between max. 124700m?®
- and min. 2360m® fo maich the re-

spective distribution requirements.
To avoid reflux from the pressure
pipe into the gas tank if the unitis put
out of operation or is operating inthe
low capacity range, a non return val-
veisincorporaied inthe suction pipe.
The motive gas rquired for operating
the unit is set to a constant absolute
inlet pressure of 8 bar. Asecond con-
trol will turn off an electro magnetic
valve mounted in the motive pipe, if
the gas fank content is down to a mi-
nimum of 5000 m?®.

¢) Although Gas Jet Gas Ejectors most-
ly work in the low pressure range, i.e.
directly within the gas network deli-
vering heating gas to the individual
consumer, jet ejectors are also suita-
ble for handling jobs which require
operation in the medium pressure
range.
For instance, residual gas of atmos-
pheric pressure cccuring during na-
tural gas processing can be com-
pressed 1o absolute pressures bet-
ween 5 and 7 bar, However, natural
gas from a high pressure network is
needed in such cases. The absolute
motive pressure will normally be bet-
ween 50 and 60 bar.
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d} Eveninthe field of natural gas exploi-
tation Gas Jet Gas Ejectors have
been used. The existence of different
pressure levels is, of course, a basic
requirement for such application.
The operation of Gas Jet Gas Ejec-
tors at the natural gas fields of Bent-
heim may serve as an example for

such application. Over severalyears,
Gas Jet Gas Ejectors were modifying
gas production to constant pressure
overcoming long term pressure drop
at low pressure drilling sites. The re-
quired motive gaswas deliveredfrom
& gas store whose pressure level
considerably exceeded the network
pressure.

To adapt these jet ejectors to varying
pressure ratios, motive nozzles and
diffusers had to be replaced from
time to time. The jet ejectors were
therefore designed for an operation
period of ten years. In the course of
the ten years an estimated pressure
drop from approx. 60bar to about
45bar in the low pressure probes
{suction side of Gas Jet Gas Ejectors)
was expected.

The discharge pressure of the Gas
JetGas Ejectorswas calculatedtobe
61 bar, kept about constantforthe to-
tal period of time. Atthe same time, a
pressure drop in the high pressure
probes {motive side of Gas Jet Gas
Ejectors) from about 108 to approx.
83 bar was calculated for the 10 year
period,

in view of the fact that the size of the
differentflows as well asthe pressure
ratio did not allow the use of jet ejec-
tors with nozzle needles, the expec-
ted total capacily was spiit in four jet
ejector units handing 1/15 + 2/15 +
4/ 15 + 8/15 of the total capacity, thus

photo taken at Munich gas works)

).

aliowing to compensate for fluctua-
ting consumption in steps of about
6,7 %.

e) Continued gas leakage at the seal
point ¢f mechanically driven gas
compressaors led to the development
of further interesting applications for
GasJetGas Compressors. Inthefield



of shafts passing through the spiral
housing of turbo compressors, natu-
ral gas can be conveyed from a pres-
sure level of about 3bartc a pressure
level of 16 bar by means of two-stage
jet ejectors. The required motive gas
is drawn from the pressure side of the
turbo compressor and will normally
be available at pressures beiween
55bar and 65bar.

Loading facilities for petro-
chemical products

Gas Jet Gas Ejectors, mainly operated
with natural gas, are today used at loa-
ding facilities for liquid petroleum pro-
ducts. Loading facilities handling main-
ly petrol count among the most signifi-
cant pollution emitters in refineries.
Emissions of such hydro carbons not
only representaconsiderable source of
pollution but might eventually build up
flammable mixtures when in contact
with atmospheric oxygen. Therefore the
harbour of the UK-Wesseling is equip-
ped with loading faciliies for tank
trucks as well as oil tankers, capable of
rendering flammable mixtures inflam-
mabie right at the place of origin.

In the Gas Jet Gas Ejectors, sufficient
naturalgasis addedtothe mixture, con-
sisting of hydro carbon vapours and at-
mospheric oxygen 1o make the exhaust
gas mixiure leaving the jet ejector over
rich.

Due to the comparatively low motive
flow of the natural gas, the achievable
pressure increase within the Gas Jet
Gas Ejector is limited. Therefore the jet
eiectors have after coupled rotary
piston compressors.

The healing gas obtained that way will
be fed to the process furnace of the di-
stillator unit for firing from below. The
existing gasometer serves as an inter-
mediate buffer as its comparatively lar-
ge volume can compensate the HC fluc-
tuations occuring in the course of the
day.Tereforetheburners ofthe process
furnace can normally operate with a
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constant gas flow. In order to compen-
sate forinterruptions of the process fur-
nace, a bottom flare is integrated in the
total system and the gas mixtureis con-
ducted and burnt via this flare (Fig. 4).
The jet ejectors now used for such pro-
cessing are either built in iraditional
style or in an advanced design as jet
ejector units with an after coupled loop-
type mixer servingto further homogeni-
se the mixture.

Booster Sets for Vacuum Systems

Adifferentrange of applications forGas
Jet Gas Ejectors results from the fact
that water ring vacuum pumps or even
water jet vacuum ejectors are unable to
produce suction pressures exceeding
the vapour pressure of the operating
water. If, for processing reasons, pres-
sures below the vapour pressure of the
operating water are reguired, gasjetva-
cuum ejectors are often incorporated
ahead of such vacuum pumps without
causing an increase of energy con-
sumption. The resulting suction pressu-
re increase will only affect the suction
flow, which will decrease if a gas jet va-
cuum ejector is installed. Although af-
mospheric air normally serves as moti-
ve medium either gases or even va-
pours may be used as well (see Fig.5).
Due to the fact that water ring vacuum
pumps operate at comparatively low
pressure levels, a sufficient pressure
gradient is achieved if atmospheric air
is used as motive medium for the inter-
mediate gas jet vacuum ejectors. Com-
binations of water ring vacuum pumps
and intermediate gas jet vacuum ejec-
tors are found in large numbers in the
chemical indusiry, in power plants and
in different branches of the food pro-
cessing industry.
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Fig.4. Waste gas decontamination system at stations for loading liquified petrochemica: products

into tank trucks and tankers.

Fig. 5. Water ring vacuum pump with preceding air
jetvacuum ejector. 1. Water ring pump {(or other
intermediate vacuum pumps) 2. Water separa-
tor 3. Airjetvacuum ejector with Pi=1bar moti-
Ve pressure, pg== suction pressure and pg= back
pressure = suction pressure of water ring
pump 4. Start-up vaive for motive air 5. Addi-
tional start-up valve for by-passing air jet ejec-
tor 6. Optional partial recovery of the air/steam
mixture emitted by water separator fo be used as
motive medium 7. Air discharge.

Start-up device for non-self
priming centrifugal pumps

Air operated Gas Jet Gas Ejectors are
frequently used as start-up device for
non-self priming cendrifugal pumps.
For instance, ships can be equipped
with combined low-energy non-selfpri-
ming pumps and air-operated Gas Jet
Gas Ejectors offering the advantage of
simple systems and operating me-
thods. The required amount of com-
pressed air can normally be drawn from
the vessel's own supply system. Jet
ejectors are installed in the ship’s pump
room, from where they discharge di-
rectly to the atmosphere.



