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Abstract: The nozzle is the key element of the water jet generator for energy conversion. In order to explore the
influence of the nozzle diameter on the pressure characteristics of the supercharged pulsed water jet plenum
chamber, a supercharged pulsed water jet pressure acquisition system was established, and the Equations of
motion and theoretical pressurization ratio equations of the supercharged pulsed water jet generator were
established. The pressurization chamber pressure acquisition experiments under different nozzle diameters
were carried out. The research results indicate that there is a critical nozzle diameter. When the nozzle diameter
is less than the critical diameter, the pressure in the boost chamber is equal to the product of the driving
pressure and boost ratio. As the nozzle changes, there is no significant change in the peak pressure and
frequency of the boost chamber; When the nozzle diameter is greater than the critical diameter, there is a non-
linear relationship between the boost chamber pressure and the driving pressure. As the nozzle diameter
gradually increases, the actual boost ratio gradually decreases, and the peak pressure of the boost chamber
further decreases. The nozzle diameter can no longer provide a load for the establishment of fluid pressure in
the boost chamber. The research results provide a research basis for further controlling the pressure
characteristics of the boost pulse water jet.

Keywords: pressurized pulsed water jet; booster chamber; nozzles; pressure characteristics;
critical diameter

1. Introduction

With the intensive and saturated development and utilization of surface space, underground
space is the key field of urban development in the future [1]. The construction method of tunnel full
face road header is one of the efficient mining methods that meet the requirements of intelligence and
mechanization [2]. It mainly uses the face disk hob to roll rock. When the uniaxial compressive
strength of rock is large, the rock hardness is close to the Indentation hardness of the metal at the
edge of the hob, and the hob is severely worn and invalid, the economic and time costs of hob
maintenance limit the construction efficiency of tunneling machines [3], so how to effectively reduce
the wear of hobs is the focus of scholars’ attention. Water jet technology has been widely used in the
development of underground space resources and energy due to its flexible transmission and non-
contact rock breaking characteristics [4-7]. At the same time, water jet technology can effectively
couple mechanical tools for joint rock breaking [8]. Liu et al. used experimental and simulation
methods to reveal the parameter influence law and damage mechanism of water jet combined with
mechanical cutting tools for crushing concrete [9,10]. Wang et al. proposed an ultra-high pressure
water jet groove cutting method to release stress in response to the problem of increased rock strength
under high ground stress [11]. Luo et al. revealed through experiments the influence of water jet pre-
cutting on the rock breaking mechanism of the rolling cutter [12], Li et al. analyzed the influence of
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water jet cutting trajectory on the rock breaking effect [13], Jiang et al. studied the influence of
confining pressure and water jet cutting on the rock breaking results of the cutter [14], Cheng et al.
studied the influence of water jet cutting depth and spacing on the rock breaking specific energy and
effect [15], Liu et al. analyzed the influence of water jet on the cutting force of the cutting tooth
through finite element simulation [16].

From the above, it can be seen that water jet pre crushing can effectively improve the rock
breaking efficiency of cutting tools, and ultra-high pressure water jet [17] and abrasive water jet can
effectively damage hard rock. However, the maintenance of ultra-high pressure water jet is difficult
and bulky, and the high-speed cutting ability of abrasive water jet is insufficient, and an additional
abrasive transport system needs to be added. In response to these shortcomings, Lu et al. proposed a
pressurized pulse water jet rock breaking technology [18,19], which uses the water hammer impact
wave of the pulse jet to damage hard rock. Initial experiments have shown that it can effectively break
hard rocks such as granite [20-22]. The boost chamber is the jet energy output chamber, and the
output pressure of the boost chamber determines the ability level of the jet to break rocks. The nozzle
diameter provides a payload for the establishment of the boost chamber pressure [23,24], and the
nozzle affects the development and evolution of the subsequent jet flow field [25-28]. However, the
influence of nozzle diameter on the pressure characteristics of the pressurized chamber is not yet
clear. In response to the above issues, the authors analyzed the trend of the influence of nozzle
diameter, a key factor, on the pressure characteristics of the pressurized pulse water jet pressurized
chamber through theoretical derivation and experimental research, providing a research basis for the
subsequent use and development of pressurized pulse water jet crushing of hard rock.

2. Pressure Boosting Theory of a Pressurized Pulse Water Jet Generator

2.1. Equations of Motion of Generator

In order to achieve ultra-high pressure pulse output of low-pressure driving fluid in engineering
sites, the author’s team proposes to use fluid pressurization technology and hydraulic self-
commutation to achieve self-commutation and periodic pressurization of the fluid, thereby achieving
pressure doubling and intermittent injection of the fluid, which is a pressurized pulse water jet
generation device. Conversion of low pressure and large flow continuous fluid to high pressure
(ultra-high pressure) and small flow pulsed fluid through a pressurized pulsed water jet generator.

The structure and physical diagram of the pressurized pulse water jet generator device are
shown in Figure 1. The generator mainly includes a shell, an impact plunger, a boost front end, a
boost chamber, and a nozzle. The equivalent diameter of the rear end of the impact plunger is ¢s,
mm; The equivalent diameter of the front end is g2, mm; The nozzle diameter is d, mm.

Pressurized pulse water jet generator

4 Shell

2 Impact plunger

73 Supercharged front end
4 Booster cavity

5 Nozzle

Figure 1. Structure and physical diagram of a pressurized pulse water jet generator.
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Further simplify the pressurized pulse water jet generator shown in Figure 1 and obtain a
simplified schematic diagram of the pressurized pulse water jet generator, as shown in Figure 2.

D
Oil inlet

Pi

Water inlet

Hydraulic Pressure

pump | collector

Water
| pump

Figure 2. Simplified schematic diagram of a pressurized pulse water jet generator.

From Figure 2, it can be seen that the squeezing plunger moves forward to squeeze the fluid in
the boosting chamber. The fluid is pressurized and sprayed through the nozzle, and the squeezing
plunger moves backward. The fluid replenishes water to the boosting chamber and assists in pushing
the plunger backward.

When squeezing the plunger forward, there are:

T T T dv

Z(pfpi —Zcofpd -f =Zd2pd tm=—+Bv ()

In the formula, pi is the inlet oil pressure, MPa; pa is the pressure of the booster chamber after
boosting, MPa; f is the frictional resistance of the plunger, N; m is the total mass of water in the
plunger and booster chamber, kg; B is viscous drag coefficient; v is the movement speed of the
extrusion plunger, m/s.

When the squeezing plunger moves smoothly, the frictional resistance of the plunger, the
viscous resistance of the fluid, and the acceleration of the plunger are ignored. When the diameter of
the nozzle is small enough, there are:

(012 pi = (Pzz Pq (2)

2

Then: Pa 2(0—12 3)

i 2

Define the theoretical boost ratio br: the ratio of the fluid pressure in the boost chamber to the
inlet oil pressure of the generating device, during the process of the impact plunger squeezing the
fluid in the boost chamber, then

2

pr=2a - (0—12 (4)

4 >

2.2. Critical Nozzle Model

As can be seen from the above, the function of the pressurized pulse water jet generator is to
transmit hydraulic power and convert and control the speed and form of movement of the plunger.
Set the input hydraulic power to N;j, the input fluid power to Ny, and the output booster chamber
fluid power to Ngq, then the energy conversion efficiency 1 of the booster pulse water jet generator is:

__ N, 5

7 N, + N, ®

For a pressurized pulse water jet generator, the hydraulic power is proportional to the product
of the pressure and flow rate of the working fluid, namely:

N, =Kp,0, (6)
N, =Kp,0, (7)
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In the formula, K is the proportional constant; Qiis the input flow rate of the hydraulic pump,
L/min; Qb is the input flow rate of the water pump, L/min; pv is the input pressure of the water pump,
MPa; Qa is the output flow rate of the booster chamber, L/min.

The simultaneous equations (5), (6), (7), and (8) have:

n= J A ©)

PO + Y,

If the energy loss during the energy conversion process of the pressurized pulse water jet
generator is ignored, and the input energy of the water pump is much smaller than that of the
hydraulic pump, it can be obtained from equation (9):

.0 = p,Q, (10)

When the nozzle flow channel is a circular tube structure, then:

Q,=vA (11)

In the formula, v is the jet velocity, m/s; p1 is the static pressure inside the nozzle, MPa; p2 is the
external static pressure of the nozzle, MPa; p is the water density, kg/m3; d1 is the inner diameter of
the nozzle, mm; d- is the outer diameter of the nozzle, mm.

And Q,=v4 (12)

In equation (12), v is the cross-sectional fluid velocity, m/s; A is the cross-sectional area, m2.

By taking p=998 kg/m? and combining equations (11) and (12), it can be obtained that:

Q,=2.1d%Jp, (13)
Then, equations (4), (10), and (13) can be used to obtain:

o
2.1brp,

In equation (14), d. is the critical diameter of the nozzle under the conditions of theoretical flow
rate and theoretical boost ratio in the boost chamber, mm; pm is the peak pressure that can be achieved
under the theoretical boost ratio conditions of the boost chamber, MPa. The critical diameter of the

nozzle under different boost chamber peak pressure conditions can be obtained through equation (14)
above.

(14)

3. Experimentation

3.1. Experimental System

As shown in Figure 3, a pressure acquisition system is built on the basis of a pressurized pulse
water jet generator. The pressure collection system mainly consists of three parts, including the power
supply part, the pressurized pulse water jet generator, and the pressure collection device.

P

? d
Qil inlet Water inlet
DPi
Hydraulic Pressure Water
I j llecto

Figure 3. Pressure acquisition system for pressurized pulse water jet generator.

The power supply mainly includes hydraulic supply and water supply. The hydraulic oil pump
is responsible for providing hydraulic power source for the impact plunger and reversing slide valve,

d0i:10.20944/preprints202407.0596.v1
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with a rated pressure of 25 MPa and a rated flow rate of 40 L/min. The water pump supplements the
fluid in the booster chamber with a rated pressure of 56 MPa and a rated flow rate of 200 L/min. The
physical diagram of the power source is shown in Figure 4.

ZY-750%=

P W e B s

Water pump
Figure 4. Power source.

The data acquisition system mainly consists of pressure sensors, signal acquisition boxes, and
acquisition software, responsible for collecting inlet and outlet oil pressure and boost chamber
pressure. The sampling frequency is 100 Hz, the range is 250 MPa, and the sampling error is + 0.1%.

Figure 5. Pressure acquisition device.

The pressurized pulse water jet generator mainly includes a boosting unit and a reversing unit,
as shown in Figure 1. The equivalent diameter of the rear end of the impact plunger of this prototype
is @1=53 mm; The equivalent diameter of the front end is 2=22 mm, and the theoretical boost ratio
is br=5.8.

3.2. Selection Basis for Main Control Parameters

The driving pressure is set to 0-15 MPa. Due to the theoretical and practical scenario of the
pressurized pulse water jet generator being rock fragmentation in deep space, considering the safety
of underground space operations and the rated capacity of the on-site hydraulic pump station, the
low-pressure drive of the pressurized pulse water jet generator is selected.

The initial pressure setting range is 0-15 MPa. This is because the theoretical design of the
pressurized pulse water jet generator is an integrated fluid route of driving and boosting, which
means that the only fluid power source supplies fluid to the driving unit and boosting unit
respectively. Therefore, the selection range of initial pressure is synchronized with the driving
pressure.

The nozzle diameter setting range is 0.3 mm, 0.5 mm, 0.8 mm, and 1.0 mm. When p=14 MPa, pm
is about 80 MPa. By substituting the theoretical boost ratio br=5.8 and Q=40 L/min into equation (14),
d=0.6mm can be obtained. That is, under fixed driving parameters in this experiment, the theoretical
critical diameter of the nozzle is 0.6mm. In order to comprehensively analyze the influence of nozzle
diameter on pressure pulsation characteristics, 0.3 mm and 0.5 mm were selected for the inner nozzle
of the critical diameter, and 0.8mm and 1.0mm were selected for the outer nozzle of the critical
diameter.
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Figure 6. Nozzles.

3.3. Experimental Scheme

Conduct experiments with fixed driving pressure and initial pressure in the boost chamber, with
nozzle diameter as the independent variable and fluid pressure characteristics in the boost chamber
as the dependent variable. The experimental plan is shown in Table 1 below.

Experimental process:

(1) Install and fix a pressurized pulse water jet generator, and install pressure sensors at the oil
inlet, return port, and boost chamber respectively;

(2) Start the water pump, adjust the pressure of the water pump to the set inlet pressure, and
maintain stability;

(3 Start the oil pump and adjust the pressure of the oil pump to the set inlet pressure. At this
point, the pressurized pulse water jet generator begins to operate, and the plunger periodically
compresses the fluid in the pressurized chamber, causing periodic changes in the fluid pressure in
the pressurized chamber;

@) Conduct experiments in the order shown in Table 1 and collect pressure data of the booster
chamber under different nozzle diameters.

Table 1. Pressure collection experiment scheme.

Oil inlet pressure (MPa) Water inlet pressure (MPa) Nozzle Diameter (mm)

12 0.2 0.3. 0.5, 0.8. 1.0

3.4. Error Analysis

To ensure the effectiveness of pressure collection, after the sensor collects stable pressure, three
consecutive pressure data segments are selected for average post pressure analysis.
4. Results and Discussion

Collect pressure data for different nozzle diameters under different operating conditions when
the inlet pressure is 12MPa and the inlet pressure is 0.2MPa, as shown in Figure 7.
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Figure 7. Pressure changes in the boost chamber under different nozzle diameters.

From Figure 7, it can be seen that when the nozzle diameter is less than the critical pressure, as
the nozzle diameter increases, the peak pressure change in the booster chamber is relatively weak,
and the duration of a single cycle tends to decrease. When the nozzle diameter is greater than the
critical pressure, as the nozzle diameter increases, the peak pressure of the boost chamber sharply
decreases, and the duration of a single cycle rapidly decreases.

4.1. Characteristics of Pressure Pulsation in the Booster Chamber

To further reveal the influence mechanism of driving parameters and nozzle parameters on the
fluid characteristics of the booster chamber, the fluid pressure in the booster chamber is divided into
domain values according to specific pressure nodes in the stroke and return stages, and the transient
response performance indicators of pressure pulsation characteristics are clarified. Taking the
operating conditions of an inlet pressure of 12 MPa, an inlet pressure of 0.2 MPa, and a nozzle
diameter of 0.3 mm as an example for analysis, as shown in Figure 8:

70 T T T T T T T T T T T T T T 20
T Booster chamber pressure
! T —— (il inlet pressure
60 - Steady oscillation section
Steady oscillation pressure p,
50 4
15

? _
& 404 ; Descendipg section pﬂ"
é A scending segment E
5] (9]
5 30 -
b Qilfinlet pressure p;, ou] - 5
o ugh section Z
& 20 4 =10

10 1

0 ! T \ Trough pressure p;
1
——————F———F———f—+—F————— 5
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time (s)

Figure 8. Transient response indicators of pressure pulse characteristics within a single cycle.

During the plunger stroke stage, the boost chamber pressure can be divided into an ascending
section, a steady oscillation section, and a descending section. During the rising stage, the inlet oil
pressure first decreases and then increases, and the pressure in the booster chamber continuously
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increases. After reaching the peak pressure, the pressure in the chamber begins to decrease and enters
the steady oscillation stage. There is a small oscillation in the pressure of the boost chamber in the
steady oscillation section, and the inlet pressure tends to stabilize. After a period of time, it enters the
descending section. The pressure of the booster chamber in the descending section sharply decreases
until the initial inlet pressure of the booster chamber and the inlet oil pressure remain stable.

In the rising section: The inlet oil pressure continues to inject, pushing the compression column
to slide due to static friction. At this time, the inlet oil continues to maintain static load due to inertia
and viscosity. As the plunger suddenly moves, the load rapidly decreases, and the inlet oil pressure
decreases. As the oil continues to push the plunger to slide, the inlet oil pressure rapidly increases.
The sudden impact of the squeezing plunger causes the volume of the fluid in the booster chamber
to compress, causing pressure to rise, and generating a water hammer wave to propagate within the
fluid, resulting in a sharp increase in initial pressure. At this point, the pressure in the booster
chamber reaches the peak pressure pi1, corresponding to the maximum driving pressure. The peak
pressure po is defined as the driving pressure at this time, and the time required for the rising stage
is t1.

In the steady oscillation section: the piston is squeezed into a stage of uniform motion, and the
inlet pressure remains stable. The water hammer waves and reflected waves generated during the
rising stage propagate and reflect in the boosting chamber, causing small oscillations of the chamber
pressure. The average value of the small oscillation pressure in the boosting chamber is defined as
the stable oscillation pressure p2, and the node that distinguishes between the stable oscillation section
and the rising section is the peak point of the boosting chamber pressure, which belongs to the rising
section before the peak point, After the peak point, it belongs to the stable oscillation section. The
duration of the steady oscillation period is t.

In the descending section: As the phase of the reversing spool valve changes, the inlet oil
gradually suppresses the forward movement of the impact piston, causing a decrease in piston
movement speed and a decrease in boost chamber pressure. When the reversing spool valve is
completely out of phase, it enters the return stage. The difference between the descending section
and the stable oscillation section is that the pressure in the boosting chamber begins to decrease, and
the inlet pressure suddenly increases. At this point, the driving oil acts on the small area end to
overcome the oil resistance at the large area end and reverse push the plunger back. Therefore, the
inlet pressure suddenly increases, which is the distinguishing point between the stable oscillation
section and the descending section. Descending period time is 3.

Return stage: In the return stage, the pressure in the booster chamber is the same as the water
supply pressure. At this point, the pressure drops to the lowest point and remains stable during the
return stage. The return pressure is defined as the trough pressure p3. The distinguishing point
between the return stage and the descent stage is when the pressure in the boost chamber drops to
the lowest point and remains stable until the next compression stroke begins, and the pressure then
increases sharply. The duration of the trough period is ti.

The total duration of a single cycle is T, where:

T=t+t,+t,+t, (15)

4.2. The Influence of Nozzle Diameter on Pressure Amplitude

Extracting the fluid pressure amplitude of the boosting chamber in Figure 7, the influence of
nozzle outlet diameter on the pressure amplitude during the boosting process can be obtained, as
shown in Figure 9.

(1)Peak pressure. As the diameter d of the nozzle outlet increases, the peak pressure in the boost
chamber gradually decreases. When the movement speed of the piston is fixed, the diameter of the
nozzle affects the peak pressure of the boost chamber. As the diameter of the nozzle increases, the
peak pressure of the boost chamber gradually decreases. As the diameter of the nozzle increases, the
overflow effect of the nozzle cannot be ignored. As the diameter of the nozzle increases, the
compression per unit volume continuously decreases, and thus the pressure level gradually
decreases.
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(2)Steady oscillation section pressure. As the diameter of the nozzle outlet increases, the steady
oscillation pressure gradually decreases, and under current operating conditions, when the nozzle
diameter is 0.8 mm or 1.0 mm, the steady oscillation section disappears, that is, there is no steady
oscillation pressure. As the diameter of the nozzle increases, the compression per unit volume
decreases, and the pressure during the steady oscillation stage decreases accordingly.

(3'Trough pressure. As the diameter of the nozzle outlet increases, there is no significant change
in the trough pressure of the pressurized chamber fluid. The trough pressure of the boost chamber

depends on the inlet pressure during the return stage, which is the initial pressure of the boost
chamber and is independent of the nozzle diameter.
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Figure 9. Effect of nozzle diameter on pressure amplitude.

4.3. The Influence of Nozzle Diameter on Pressure Cycle

Extracting the fluid pressure cycle of the boosting chamber in Figure 7, the influence of nozzle
outlet diameter on the duration of a single cycle during the boosting process can be obtained, as
shown in Figures 10 and 11.
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Figure 10. Effect of nozzle diameter on duration.

(1) Climb time. As shown in Figure 10 (a), as the nozzle outlet diameter increases, there is no
significant change in the time it takes for the fluid pressure in the booster chamber to climb to the
peak pressure. As mentioned above, the climbing time depends on the propagation speed of the
water hammer wave, so there is no significant change in the climbing time of the peak pressure.
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(2) The duration of the steady oscillation phase. As the diameter of the nozzle outlet increases,
the duration of the steady oscillation section continuously decreases. When the nozzle diameter
increases to 0.8 mm and 1.0 mm, the duration of the steady oscillation section decreases to O s,
meaning that the steady oscillation section disappears. As the nozzle diameter further increases, the
overflow effect of the nozzle on the pressurization process cannot be ignored. The movement speed
of the squeezing plunger further increases, and the stroke time decreases. On the premise of
maintaining the climbing time, the duration of the steady oscillation stage gradually decreases.

(3 Fall time. As the diameter of the nozzle outlet increases, there is no significant change in the
time required for the descending section.

@) Stroke time. With the increase of nozzle outlet diameter, the time consumed in the stroke
stage of extrusion plunger decreases and tends to be flat.

(5) Return time. With the increase of nozzle outlet diameter, the return time of extrusion plunger
has no significant change. In the return stage, the movement of the squeezing piston is mainly
completed by the combined action of the driving pressure and the initial pressure of the boosting
chamber, independent of the nozzle diameter.
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Figure 11. Effect of nozzle diameter on single cycle duration and pulse frequency.

© Duration and frequency of a single cycle. From Figure 11, it can be seen that as the diameter
of the nozzle outlet increases, the duration of a single cycle in the supercharging chamber
continuously decreases, the impact frequency continuously increases, and tends to be gentle. The
corresponding relationship between the nozzle diameter and the duration of a single cycle under
current operating conditions can be obtained through polynomial fitting, as shown in Equation (16):

y=-8.55x +15.59x-2.23 (16)

Based on the analysis results of Figure 10, it can be seen that when the nozzle diameter increases
from 0.3 mm to 1.0 mm, the duration of a single cycle decreases from 0.59 s to 0.21 s. Among them,
the stroke stage time decreases from 0.46 s to 0.08 s, accounting for 100% of the single cycle reduction
time. That is to say, the increase in nozzle diameter has a full impact on the turbocharging process
during the stroke stage, specifically in the steady oscillation stage. Meanwhile, the impact frequency
increased from 1.69 to 4.8.

4.4. The Influence of Nozzle Diameter on Boost Ratio

Extracting the fluid pressure cycle of the boost chamber in Figure 7, the influence of nozzle outlet
diameter on the boost ratio during the boost process can be obtained, as shown in Figure 12.
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Figure 12. Effect of nozzle diameter on boost ratio.

From Figure 3.19, it can be seen that as the diameter of the nozzle outlet decreases, the
pressurization ratio during the impact stage of the extrusion plunger continues to decrease. By
polynomial fitting, the corresponding relationship between the nozzle diameter and the
pressurization ratio under current operating conditions can be obtained, which is:

y= 5.17+5.36x—8x" (17)

As the diameter of the nozzle increases, the boost ratio between the boost chamber and the
driving pressure further decreases. This is because the increase in nozzle diameter increases the flow
rate of pressurized fluid overflowing from the nozzle. The actual unit volume compression of fluid
by a variable cross-section plunger cannot be directly proportional to the stroke of the variable cross-
section plunger. When the driving pressure is 12 MPa and the initial pressure of the boost chamber
is 0.2 MPa, the boost ratio gradually decreases as the nozzle diameter increases, and a multiple fitting
relationship is shown in equation (17).

Based on the above analysis, it can be concluded that under the same driving pressure and initial
pressure conditions, the size of the nozzle diameter determines the pressure pulsation amplitude and
pulsation period of the fluid in the pressurized chamber. That is, the nozzle diameter modulates both
the amplitude and frequency of the fluid pressure pulsation characteristics. Therefore, the
establishment of fluid pressure during the extrusion process requires the adaptation of the
corresponding diameter nozzle, which is the critical nozzle diameter. Therefore, the pressurization
process of the pressurized pulse water jet generator is dependent on the nozzle.

5. Conclusions

(1) A critical nozzle diameter equation for a pressurized pulse water jet generator has been
established. There exists a critical nozzle diameter, and the specific size of the diameter depends on
the theoretical boost ratio, inlet oil flow rate, and inlet oil pressure. The inlet oil flow rate is directly
proportional to the critical nozzle diameter, the theoretical boost ratio is inversely proportional to the
critical nozzle diameter, and the inlet oil pressure is inversely proportional to the critical nozzle
diameter.

(2) When the nozzle diameter is greater than the critical diameter, as the nozzle diameter
increases, the pressure in the booster chamber tends to change towards a “short and narrow” trend.
As the nozzle diameter increases, the peak pressure of the boost chamber decreases, the duration of
a single cycle continuously decreases, and the frequency increases.

(3) When the nozzle diameter is less than the critical diameter, as the nozzle diameter increases,
the peak pressure in the booster chamber tends to decrease, but the reduction amplitude is weak. The
duration of a single cycle gradually decreases and the frequency increases. The nozzle is not involved
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in the device pressurization process, but provides a load for the establishment of pressurization
chamber pressure, which is dependent on the nozzle diameter.
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