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Abstract 

In the turbopump inducer of a liquid propellant rocket engine, cavitation is affected by acceleration that occurs during an 
actual launch sequence. Since cavitation instabilities such as rotating cavitations and cavitation surges are suppressed during 
launch, it is difficult to obtain data on the influence of acceleration on cavitation instabilities. Therefore, as a fundamental 
investigation, in the present study, a three-blade cyclic cascade is simulated numerically in order to investigate the influence of 
acceleration on time-averaged and unsteady characteristics of cavitation that arise in cascade. Several cases of acceleration in the 
axial direction of the cascade, including accelerations in the upstream and downstream directions, are considered. The numerical 
results reveal that cavity volume is suppressed in low cavitation number condition and cavitation performance increases as a result 
of high acceleration in the axial-downstream direction, also, the inverse tendency is observed in the axial-upstream acceleration. 
Then, the regions in which the individual cavitation instabilities occur shift slightly to a low-cavitation-number region as the 
acceleration increases downstream. In addition, in a downstream acceleration field, neither sub-synchronous rotating cavitation 
nor rotating-stall cavitation are observed. On the other hand, rotating-stall cavitation occurs in a relatively higher-cavitation-
number region in an upstream acceleration field. Then, acceleration downstream is robust against cavitation instabilities, whereas 
cavitation instabilities easily occur in the case of acceleration upstream. Additionally, comparison with the Froude number under 
the actual launch conditions of a Japanese liquid propellant rocket reveals that the cavitation performance will not be affected by 
the acceleration under the current launch conditions. 
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1. Introduction 
In the turbopump inducer of a liquid propellant rocket engine, cavitation is affected by acceleration during an actual launch 

sequence. As such, the possibility exists that not only the time-averaged cavity volume but also the unsteady characteristics of the 
cavity will be changed due to the influence of acceleration. When the unsteady characteristics of cavitation change, the mode or 
occurrence region of cavitation instabilities may change. As such, there is no guarantee that the once-suppressed cavitation 
instabilities will not reoccur. In addition, the effect of the acceleration direction on cavitation will vary when the direction of 
installation of the inducer changes. In the previous LE-7 Japanese liquid propellant rocket engine, the entrance of the inducer was 
located on the side opposite the direction of launch. In contrast, in the current LE-7A engine, the entrance of the inducer is located 
on the launch direction side. Then, even for same launch sequence, cavitation is exposed to reverse acceleration in each engine. 
However, the influence of acceleration on cavitation instabilities has not yet been clarified because most of the cavitation 
instabilities are suppressed during an actual launch. Therefore, under conditions involving both acceleration and cavitation 
instabilities, computational fluid dynamics (CFD) is considered to be a suitable approach in such investigations.  

In a previous study, we developed a numerical method for simulating cavitation that is suitable for unsteady calculation and 
clarified two mechanisms for break-off phenomenon of sheet cavitation in the cascade[1]. We have also reproduced three types of 
cavitation instabilities, namely, super-synchronous and sub-synchronous rotating cavitations and cavitation surge, which occur by 
different mechanisms, in a three-blade cyclic cascade, without adding a model or boundary conditions for the individual 
phenomena[2]. In the previous study, the occurrence conditions or propagation velocity ratio, which have been well documented 
based on experimental results, were reproduced qualitatively. In addition, the possibility of the suppression of cavitation 
instabilities by a jet flow through a slit on cascade blades was reported[3]. Furthermore, we have classified three types of cavitation 
surges in cascade and the frequency characteristics of the cavitation surges [4] and have suggested a mechanism for the propagation 
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direction of rotating cavitations in cascade [5]. The numerical method developed previously by present authors has been confirmed 
to be applicable to numerical simulation of cavitation instabilities. 

In the present study, first, as fundamental research, the influence of acceleration on time-averaged and unsteady characteristics 
of cavitation is analyzed through numerical simulation of a three-blade cascade. The acceleration is adapted to the axial upstream 
and downstream directions. Based on the numerical results, the time-averaged cavity volume and head performance, the cavitation 
performance of the cascade, the occurrence conditions of cavitation instabilities, and the unsteady characteristics of the cavitation 
instabilities are examined. In addition, proper installation of the inducer so as to prevent cavitation instabilities is discussed.  

2. Numerical Method for Simulation of a Cavitating Flow 
2.1 Locally Homogeneous Model for a Compressible Gas-Liquid Two-phase Medium 

In the present study, a locally homogeneous model of a compressible gas-liquid two-phase medium [1] was used for the 
numerical simulation of cavitation. In this model, by considering a gas-liquid two-phase field as a pseudo-single phase medium, 
the Navier-Stokes (N-S) equations for a continuum can be applied to a cavitating flow field in which there is discontinuity 
between the gas and liquid phases. The governing equations for the gas-liquid medium are the following compressible gas-liquid 
N-S equations: 

 
, 

 
 

 (1) 
 
                     ,              ,             ,            ,          ,         , 
 

where ρ, p, u, and v are the density, static pressure, and velocities of the mixture phase, and Y is the mass fraction of the gas phase. 
In the present study, the working fluid is water at room temperature, in which the temperature distribution is vanishingly small. 
Then, in order to reduce the computational load, an isothermal field at 293.15 K is assumed, and the energy conservation equation 
is omitted in the governing equations given in Eq. (1). The terms ax and ay in source term vector S are acceleration terms, and Γ in 
S represents the evaporation speed by the instantaneous equilibrium evaporation model[3]. Since empirical constants for 
evaporation speed are not necessary, the evaporation model is robust for pressure wave propagation with a rapid pressure jump 
accompanied by a pulsation phenomenon. Therefore, this model can be applied without distinguishing between the flow fields that 
experience or do not experience a cavitation surge or other phenomena. 

The governing equations of Eq. (1) are closed by the equation of state for a locally homogeneous compressible gas-liquid two-
phase medium. The equation of state is derived as follows by the assumption of local equilibria of pressure and temperature 
between the gas and liquid phases and the assumption of a linear combination of the mass of the liquid phase with the gas phase, 
where the liquid phase is compressible and the gas phase is considered to be an ideal gas: 

 (2) 
                                                                 , 

 
where Kl is the liquid constant, Rg is the gas constant, and pc and Tc are the pressure and temperature constants of the liquid, 
respectively. The speed of sound of the two-phase medium derived from Eq. (2) has been verified using experimental data for not 
only pure liquid and gas conditions but also the mixed gas-liquid condition [1]. The present compressible numerical approach is 
then considered to be applicable to the numerical simulation of mutual interference between cavitation and a fluid machinery 
system. 

In this numerical method, since the cavity surface, which is a discontinuity in density, is described as the gradient of the void 
fraction, a numerical method for a contact discontinuity problem in compressible fluid can be used. As such, the cavity form is not 
restricted. At the same time, the thickness of the cavity surface depends on the resolution of the computational mesh. Therefore, 
this numerical method is considered to be applicable to the numerical analysis of a wide range of cavitation conditions, with the 
exception of incipient cavitation. 

2.2 Numerical Scheme 
In the present study, the governing equations of Eq. (1) are solved using the finite difference method. Since it is necessary to 

stably simulate the discontinuities of the large density jump at the gas-liquid interface in a cavitating flowfield, the total variation 
diminishing (TVD) scheme is used in order to ensure the monotonicity of the solution. Specifically, the explicit TVD-
MacCormack scheme [6] with second-order accuracy in time and space is used. 

The present numerical method has been validated for the time-averaged pressure distribution on a cascade blade with several 
angles of attack under non-cavitation conditions [1]. Mesh convergence has been examined [5] for a single hydrofoil under non-
cavitation and cavitation conditions in calculations with and without a turbulence model, i.e., the RANS model (Baldwin-Lomax 
model with Degani-Schiff modification). In addition, the unsteady characteristics of sheet cavitation in a single hydrofoil have 
been validated [5] through calculations with and without the RANS model. The RANS calculation has been shown to be applicable 
to a non-cavitating flow field, while not contributing to unsteady cavitation, which is the objective of the present study. In the 
literature, it has often been reported that excess viscosity around termination of a sheet cavity prevents unsteadiness of the cavity 
when a RANS model for single-phase flow is used. Therefore, a modified method in which the excess viscosity is decreased in a 
two-phase condition has been developed [7] and applied [7-11]. However, this modified method is still not sufficient. Therefore, no 
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turbulence model was applied in the present study because no reliable turbulence model for studying the characteristics of 
oscillation in cavitation instabilities exists. Moreover, this reduces the computational load. However, a macroscopic disturbance in 
the flow field, which is caused by oscillation of the cavity volume, was resolved by the proposed numerical method without the 
use of the turbulence model. 

2.3 Computational Condition 
The target flow field of the present study was a three-blade cyclic flat-plate cascade, as shown in Fig. 1, in which the solidity 

is C/h = 2.0, the stagger angle is γ = 75°, and the blade thickness is zero. In the present study, the simplest configuration, e.g., a 
flat plate with no thickness, was selected for the target blade, which is accompanied by an apparent separation point because no 
turbulence model was used. The upstream area was two chord lengths from the inlet boundary to the leading edge of the blade, 
and the downstream area was three chord lengths from the trailing edge to the outlet boundary. One cascade passage had 261 x 71 
mesh points. A non-slip condition was assumed on the wall boundary of the blades, and a cyclic boundary condition was imposed 
at every three cascade passages in order to reproduce the circumferential instabilities in a cascade, such as rotating cavitation. In 
the inlet boundary, constant conditions of flow angle, total pressure, and void fraction were applied, where static pressure was 
extrapolated, and velocity was calculated from the condition of constant total pressure. In the outlet boundary, a constant-static-
pressure condition was applied, and the velocity and density were extrapolated.  
  In the present study, the acceleration a [m/s2] is imposed in the axial direction, and the axial downstream direction is assumed to 
be positive. Eight conditions of acceleration are imposed, as shown in Table 1, where G is gravitational acceleration, which is 
assumed to be 9.8 m/s2. The terms ax and ay in the source term vector S in the governing equations of Eq. (1) represent source 
terms, which are due to the acceleration, ax = a cos γ and ay = – a sin γ, in the present study. 

 
 
 
 
 
 
In all cases, the inflow angle was set at αin = 7°, and the inflow velocity was approximately Uin = 12 m/s. Computation was 

performed for several cavitation numbers σ at each acceleration condition, where σ is controlled by changing the outlet static 
pressure. The cavitation number σ, Froude number Fr, flow rate coefficient φ, head coefficient Η, and the propagation velocity 
ratio of rotating cavitation PVR were estimated as follows: 

 
  Cavitation number: σ                                            ,                                               (5) 

 
Froude number:  Fr           ,                                               (6) 

 
Flow rate coefficient:  φ         ,                                              (7) 

 
Head coefficient:  Η                                    ,                      (8) 

 
 

               Propagation velocity ratio:  PVR           ,                                    (9) 
 

where Ut and Ua are the circumferential and axial velocities of Uin, respectively. Here, Ucav is the velocity of the apparent 
circumferential propagation of the uneven cavity volume in rotating cavitation. Subscript in indicates the inlet boundary of the 
computational domain, and subscripts 1 and 2 indicate locations 1 C upstream from the cascade entrance and 1C downstream from 
the cascade exit, respectively. Here, σ corresponds local cavitation number in cascade inlet, which is estimated by adding potential 
head from inlet boundary to cascade inlet to static pressure in inlet boundary. The σ and ψ  were calculated from time-averaged 
computational results for each case. The angles of attack αin = 7° correspond to φ = 0.141. The Fr of each acceleration is shown in 
the lower row of Table 1. 
  
 
 
 
 
 
 
 
 
 

3. Results and Discussion 
3.1 Cavity volumes and the aspects of the cavitation 

In the present study, calculations are performed using various cavitation numbers σ in each acceleration field. Based on the 
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Fig. 1 Schematic diagram of the three-blade cyclic flat-plate cascade of the present study (C/h = 2.0, γ = 75°) 
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Table 1 Acceleration and Froude number 

Acceleration a [m/s2] 5G 3G 1G 0.1G 0G – 0.1G – 1G – 3G
Froude number Fr 4.28 5.52 9.56 30.2 Inf. 30.2 9.56 5.52



 

4

numerical results, the time-averaged cavity volume was estimated, and the results are shown in Fig. 2. Here, the cavity region is 
assumed to be a region in which the void fraction exceeds 0.01. In addition, the approximated curve of each acceleration field is 
shown in Fig. 2. In the figure, it is shown that the difference of time-averaged cavity volumes is not seen in the region where σ is 
over 0.2, but that can be seen at higher acceleration fields in the region where σ is under 0.2. In the region, the time-averaged 
cavity volumes decrease at a = 3G and 5G which are higher acceleration in downstream direction in the present study, on the other 
hand, that increases at a = – 3G which is higher upstream-acceleration. It indicates that the acceleration in the axial upstream 
direction promotes the development of cavitation, and acceleration in the axial downstream direction suppresses the development 
of cavitation. Because the σ which is horizontal axis of Fig. 2 corresponds time-averaged local cavitation number in cascade inlet, 
time-averaged static pressure in cascade inlet takes same value in each case when the σ takes same value. Therefore, the 
difference of time-averaged cavity volumes between in each acceleration in lower σ region is considered to be yielded by 
following two reasons: one is the difference of static pressures in cascade outlet, the other is the bending effect of acceleration on 
streamline which was reported before by theoretical analysis of acceleration gravity effects on characteristics of supercavitating 
hydrofoil [12]. In addition, in the acceleration fields of 5G and 3G, the cavity volume continues to increase at σ is about 0.05. At 
that time, σ reaches zero in inlet boundary of computational domain. This means that the region inside the cascade is not filled by 
cavitation when the upstream pressure becomes saturated at vapor pressure, i.e., part of the cavity that occurs upstream is believed 
to condensate or contract while flowing to cascade as a consequence of the potential head in the higher acceleration fields of 5G 
and 3G.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Next, the aspects of cavitation in each acceleration field are compared. In Fig. 3, the time evolutions of the void fraction 
distribution are shown for accelerations of a = -3G (Fig. 3(a)), 0.1G (Fig. 3(b)), and 3G (Fig. 3(c)). In these cases, σ is 
approximately 0.1, the difference of time averaged cavity volumes appears in around theσ region. As shown in the figures, the 
instantaneous sheet cavity length is obviously long at a = – 3G. Although the maximum sheet cavity length is longer at a = 3G 
than that at a = 0.1 G, averaged cavity length is considered to be shorter conversely because very small cavity occurs on a blade 
when a sheet cavity fully develops on the other blade. Because the time-averaged cavity volumes are different even though the 
cavitation numbers are close in the three cases in Fig. 3, arising types of cavitation instabilities are different. Specifically, rotating-
stall cavitation occurs in Fig. 3 (a), cavitation surge occurs in (b), and super-synchronous rotating cavitation occurs in (c). Thus, a 
difference of the instantaneous aspects of cavitation can be seen in each case. In rotating type instabilities which is rotating-stall 
cavitation and rotating cavitation shown in Fig. 3 (a) and (c), three sheet cavities oscillate discretely in each three blade. The 
cavities break in an order of Blade 1 – 2 – 3 in rotating-stall cavitation, that breaks in an order of Blade 3 – 2 – 1 in super-
synchronous rotating cavitation. In contrast, in cavitation surge shown in Fig. 3 (b), three sheet cavities oscillate simultaneously in 
each blade.   
 
 
 

 

Fig. 2 Time-averaged cavity volume in the present three-blade cyclic cascade  
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(a) a = – 3G m/s2 ( σ = 0.103, H = 0.217, time interval = 12.8 ms) 

 

 

 

 
(b) a = 0.1G m/s2 (σ = 0.112, Η = 0.365, time interval = 9 ms) 

 

 

 

 
(c) a = 3G m/s2 (σ = 0.108, Η = 0.355, time interval = 16 ms) 

 
 

3.2 Time-averaged head performance 
The time-averaged head coefficient H is estimated in each case, as shown in Fig. 4, which also shows the approximated curves 

in each acceleration field. As shown in this figure, there is also difference in the head coefficient at higher σ region where no 
cavitation occurs. The potential head by acceleration has been compensated as shown in Eq. (8). Then the difference in the head 
comes from other than the change of static pressure by acceleration. In the previous literature [12] referred before, it was reported 
that not only static pressure but also streamline changes in an acceleration field. Then the deceleration effect of the present 
cascade is considered to change in each acceleration field. In the present study, the stream line is considered to be bended to the 

Fig. 3 Time evolution of the void fraction distribution at each acceleration 
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direction of acceleration and the apparent camber appears, then, the head in higher σ  region is considered to increase in 
acceleration in the axial-downstream direction.  

As σ decreases, a head drop is observed for all accelerations, where the head coefficient suddenly decreases at a certain value 
of σ. A head drop occurs when the cavity develops and blocks off the throat, and a low head drop σ indicates high cavitation 
performance. Figure 4 shows that, for acceleration in the axial-upstream direction a = – 3G, the head drop σ value shifts to the 
higher σ side. Therefore, it is confirmed that the cavitation performance of the cascade decreases when higher acceleration acts in 
the axial-upstream direction. Additionally, at the higher acceleration in axial-downstream direction a = 5 G and 3 G, the heads 
drop moderately. That is because development of cavitation is suppressed by the axial-downstream acceleration around the head-
drop region as described before in Fig. 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Next, the σ value corresponding to a 30% head drop is estimated from the approximated curves for each acceleration in Fig. 4, 

and its dependence on the Froude number Fr is shown in Fig. 5. Although, in industry, the cavitation performance of pumps is 
generally discussed at the 3% drop point, a larger value of 30% is used in the present study because there is insufficient data for 
the 3% head drop point and the accuracy of the approximation is not so high. Also, the cavitation performance from a = – 3 G to 3 
G are shown in Fig. 5, because 30 % drop point could not be detected in the approximated curve for 5 G in Fig. 4. The vertical 
axis of Fig. 5 is reversed. Thus, the cavitation performance is better when the plots are located at a higher position along the 
vertical axis. In Fig. 5, the cavitation performance increases with increasing in acceleration in axial-downstream direction as 3 G, 
and decreases with increasing of that in axial-upstream direction as -3 G. For reference, the minimum Froude numbers during the 
actual launch sequence of a Japanese liquid propellant rocket are indicated by arrows along the horizontal axis of Fig. 5, as 
calculated for an acceleration of 6G m/s2, a diameter of inducer of 0.08 m, and a rotating speed of 42,000 rpm in the liquid 
hydrogen pump (LH2) and 18,300 rpm in the liquid oxygen pump (LOX). As shown in this figure, within the range of the Fr 
number in the current launch conditions, the cavitation performance is not affected by the acceleration. At the same time, on the 
unseen occasion such as superposition of maximum acceleration with heavy cavitation surge, Fig. 5 indicates the possibility of 
decrease of cavitation performance in the acceleration imposed in axial-upstream direction.  

 

 

 

 

 

 

 

 

 

 
LOX (6G) LH2 (6G)

Fig. 5 Variation of 30% head drop σ in each acceleration field 

 
3G 

0G 

-3G 

0.1G

-0.1G
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Fig. 4 Time-averaged head performance of the present three-blade cyclic cascade at each acceleration 
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3.3 Cavitation instabilities 
The occurrence of cavitation instabilities is detected in each case, and an occurrence map is generated, as shown in Fig. 6, 

which relates the acceleration (vertical axis) and the cavitation number (horizontal axis). The occurrence of cavitation instabilities 
is judged by waveforms of variation monitored for upstream pressure, upstream flow rate, and cavity volume, as well as the 
aspects of the flow field. In Fig. 6, in lower acceleration condition a = 0.1 G to – 0.1 G, cavitation surge type 1 (Type 1 C.S), 
super-synchronous rotating cavitation (Super-S R.C), cavitation surge type 2 (Type 2 C.S), and sub-synchronous rotating 
cavitation (Sub-S R.C) occur in turn according to the decrease of σ. For another acceleration filed, in the region σ > 0.2 where 
time averaged cavity volume is almost same in each acceleration in Fig. 2, same type of cavitation instabilities arises in same σ 
condition. On the other hand, in low σ region under 0.2, the occurrence limit and arising type of each cavitation instabilities 
changes because the cavity volume changes at the higher accelerations in the axial-upstream and downstream directions. 
Regarding the occurrence limit, the occurring σ regions of each cavitation instabilities move collectively to a lower-σ region 
according to the increase in acceleration in the axial-downstream direction, although the change is small. Regarding the type of 
instabilities, at a = 5G, which is the largest acceleration in the present study, sub-synchronous rotating cavitation (Sub-S R.C.) is 
not observed. Sub-S R.C. is known to occur generally in low-σ regions [13, 14]. In this study, the maximum cavity volume appearing 
at 5G is larger than that for the case in which Sub-S R.C occurs at other accelerations. In addition, rotating cavitations are known 
to be caused by choking of the throat or interference between cavity termination and the leading edge of the neighboring blade, 
which was reported in a inducer [15] and a centrifugal pump [16]. Therefore, the choking or interference is thought to be suppressed 
by the cavity thinning or cavity oscillation in the direction of diminishing thickness due to the influence of higher axial-
downstream acceleration. Then, Sub-S R.C. is suppressed in the lower-σ region. On the other hand, at a = -3G, rotating-stall 
cavitation (R-stall C) occurs in some cases in the relatively high-σ region around σ = 0.15. In our previous study, we verified that 
R-stall C occurs at a high-angle-of-attack, low-flow-rate condition [5]. Therefore, the cavity thickness or the oscillation in the 
thickness direction is thought to be promoted by the influence of axial upstream acceleration, and the flow field becomes similar 
to that of a high-angle-of-attack condition. Therefore, the acceleration in the axial-downstream direction is shown to be robust 
against the occurrence of circumferential cavitation instabilities. In contrast, circumferential cavitation instabilities occur easily in 
the case of acceleration in the axial-upstream direction. Therefore, it can be summarized that it is advantageous to install the 
inducer such that the entrance is facing the launch direction of the rocket.  
 
 

 

 

 

 

 

 

 

 

 
 
 
 
3.4 Oscillating characteristics of cavitation instabilities 
  Propagation velocity ratios of circumferential instability, such as Super-S R.C., Sub-S R.C., and R-stall C., are estimated as 
shown in Fig. 7. The propagation velocity ratio (PVR) is expressed by Eq. (9), which indicates the apparent propagation velocity 
of an uneven cavity volume in an absolute coordinate system, assuming that the cascade is rotating. Then, PVR = 1 indicates that 
the uneven cavity volume attaches to the blade and does not propagate. In addition, PVR > 1 indicates that the uneven cavity 
volume propagates in the rotating direction of cascade, and PVR < 1 indicates that the uneven cavity volume propagates in the 
opposite rotating direction of cascade in the relative coordinate system, which is anchored on the cascade blade. The PVRs for 
each acceleration are shown together in Fig. 7, which indicates that the PVR does not change in each acceleration field. According 
to a propagation mechanism proposed by the authors [5], the PVR depends on the rotating stall speed, which is primarily affected  
by the fluid inertia force inside a cascade. In the present study, acceleration is applied in the axial direction, and the 
circumferential inertia force is not affected by the acceleration. Therefore, the resulting PVR does not change for each acceleration.  

 

 

 

Fig. 6 Occurrence map of cavitation instabilities of the present three-blade cyclic cascade at each acceleration 
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Next, the frequencies of the cavitation surge, which is an axial instability, are estimated, as shown in Fig. 8. Here, the 
frequency f is transformed into a non-dimensional value by division by the rotating frequency of cascade f0. In our previous study, 
cavitation surge occurring in cascade was classified into three types [4], two of which occurred in the present study. The first type 
is Type 1 C.S., which corresponds to normal surging oscillation without cavitation, the frequency of which does not change with 
the change in σ and occurs accompanied by vortex cavitation in the shear layer in our calculation of cascade. The second type is 
Type 2 C.S., which corresponds to the usual cavitation surge, the frequency of which decreases according to the decrease in σ and 
occurs accompanied by sheet cavitation in our calculation of cascade. In Fig. 8, the frequencies of Type 1 C.S are constant at each 
acceleration, and acceleration does not affect the oscillation characteristics in surging oscillation. On the other hand, in Type 2 C.S, 
although there is insufficient data for each acceleration, the gradient of the frequency appears to become gradual with increasing 
in acceleration in the axial-downstream direction. Cavitation surge can be explained as one-dimensional oscillation of a spring-
mass system. In the present study, the acceleration in the axial direction may affect the vibration properties of the spring-mass 
system. As such, the gradient of cavitation surge frequency changes in each acceleration field. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4. Conclusion 
In the present study, as fundamental research, the influence of acceleration on the time-averaged and unsteady characteristics 

of cavitation was first analyzed through numerical simulation of a three-blade cascade. The results are summarized as follows. 
The present study revealed that the time-averaged cavity volume and instantaneous cavity length are suppressed by high axial-

downstream acceleration, but are advanced by high axial-upstream acceleration, both in low cavitation number region. Then, the 

Fig. 8 Surge frequency occurring in the three-blade cyclic cascade 

0.1～ 
-0.1G 

3G 

-1G 

-3G 

Fig. 7 Propagation velocity ratio of rotating cavitations in the three-blade cyclic cascade 
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cascade head drops moderately at the high axial-downstream acceleration, and the head drop σ value shifts to the higher σ side, 
which means a decrease in cavitation performance, at high axial-upstream acceleration. 

The cavitation performance of the cascade was shown not to be affected by the acceleration in the current launch condition of 
the liquid-propellant rocket. 

The occurrence regions of the cavitation instabilities move collectively to a low-cavitation-number region with increasing in 
the acceleration in axial-downstream direction in low cavitation number condition. although the change is small. Also, it is shown 
that the acceleration in the axial-downstream direction is predicted to be robust against circumferential cavitation instabilities, 
such as rotating cavitations and rotating-stall cavitation, whereas the circumferential instabilities occur easily in the case of 
acceleration in the axial-upstream direction. Therefore, it is better to install the inducer such that the entrance is facing the launch 
direction of the liquid propellant rocket. 

In the present acceleration field in the axial direction, the oscillating characteristics of circumferential instability are not 
affected by the acceleration, whereas the oscillating characteristics of axial instability, such as cavitation surge, change in each 
acceleration field.  
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