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ABSTRACT

This paper proposes a jet-driven rolling-wheel concept as a potential alternative to conventional impellers in 
steam turbines. In the proposed design, steam enters multiple inlet passages distributed over the conical sur-
face of a rolling wheel and exits through corresponding outlet passages located near the circumferential side, 
thereby generating torque through jet reaction and fluid-solid interaction. The rotating wheel then drives an 
electrical generator through a shaft-based transmission arrangement. Compared with conventional multi-stage 
coaxial impeller systems, the proposed concept is intended to simplify rotor geometry, reduce manufacturing 
complexity, and enable modular deployment. The same design principle may also be extendable to gas-driven 
rotary systems beyond steam turbines. A preliminary analytical model is presented to estimate the relationships 
among steam density, flow area, outlet velocity, thrust, torque, and rotational speed. Under the simplifying as-
sumptions adopted in this study, the calculated results suggest that the concept may have potential for compact 
and distributed power-generation applications. However, the present work is conceptual and exploratory. Fur-
ther validation through thermodynamic analysis, compressible-flow modeling, computational fluid dynamics, 
and experimental testing is required before engineering feasibility can be established.
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 Introduction
The continuing growth in electricity demand, particularly in da-

ta-intensive and distributed applications, has increased interest in 
power-generation systems that are efficient, economically competi-
tive, and deployable within shorter time frames. Conventional steam 
turbines remain one of the dominant technologies for large-scale 
power generation, but they are often associated with complex rotor 
structures, demanding manufacturing requirements, and limited 
flexibility in compact or modular implementations. In conventional 
steam-turbine design, high-pressure steam expands through multiple 
stages and transfers energy to a sequence of impellers mounted on a 
common shaft. As steam pressure and density decrease during expan-
sion, the specific volume increases. Accordingly, downstream stages 
are typically designed with progressively larger flow areas and impel-
ler diameters in order to accommodate the changing steam volume 
while maintaining acceptable flow conditions. This approach is well 
established, but it also reflects the geometric and aerodynamic con-

straints of blade-based energy-conversion systems. Another limita-
tion of conventional multi-stage coaxial rotors is that blade-tip speed 
differs substantially between stages. As a consequence, the ratio be-
tween blade-tip speed and local steam velocity may vary across the 
machine, which can influence aerodynamic performance. Additional 
losses may arise from tip leakage, secondary flow structures, viscous 
dissipation, and the redirection of steam by stationary blade rows. 

Furthermore, the manufacture of high-temperature bladed rotors 
can be technically challenging and costly, particularly when compact-
ness or rapid deployment is required. To explore a different approach 
to gas-to-torque conversion, this paper proposes a jet-driven rolling 
wheel as a possible substitute for conventional impellers. Instead of 
relying on blade surfaces to extract work from the steam, the pro-
posed concept uses multiple internal inlet-outlet passages distribut-
ed around a rolling wheel. Steam enters the wheel, flows through in-
clined passages, and exits near the outer circumference with a strong 
tangential component, thereby generating rotational torque through 
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jet reaction. The concept is intended to simplify the rotating structure 
and provide a basis for modular energy-conversion units. The pur-
pose of this paper is to present the structural concept, describe its 

operating principle, and provide preliminary analytical examples. The 
present analysis is intended as a first-order conceptual study rather 
than a complete engineering validation (Figures 1 & 2).

Figure 1: A conventional multistage steam-turbine rotor with progressively varying stage diameters.

Figure 2: Cross-sectional view of a conventional multistage steam turbine showing the arrangement of successive stages.

Related Work
Conventional steam and gas turbines rely on well-established 

turbomachinery principles in which pressure energy and kinetic en-
ergy are converted into shaft work through staged blade rows. Their 
performance is governed by thermodynamic efficiency, stage loading, 
blade geometry, rotor-stator interaction, and flow matching across 
multiple stages. In addition to conventional bladed turbines, alter-
native rotary energy-conversion concepts have also been proposed. 
Among them, bladeless or boundary-layer-driven devices, such as 
Tesla-type turbines, are often cited as examples of simplified rotor 
geometry. However, such concepts operate primarily through vis-
cous drag along rotating surfaces, which differs fundamentally from 

the present rolling-wheel concept. The design proposed in this pa-
per relies on distributed internal passages and directed outlet jets to 
generate circumferential reaction torque. Other reaction-driven rota-
ry devices also demonstrate that fluid jets can produce torque when 
the discharge direction is appropriately arranged. Nevertheless, the 
use of a conical rolling wheel with multiple inlet-outlet passage pairs 
for modular steam-based power generation appears to be relatively 
unexplored. The present work therefore focuses on defining this con-
cept and presenting a preliminary analytical discussion of its poten-
tial operating behavior. At this stage, the proposed concept should be 
understood as an exploratory addition to the broader family of uncon-
ventional rotary energy-conversion devices rather than as a validated 
competitor to established turbine architectures.
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Structural Concept of the Rolling Wheel
The proposed system consists of rolling-wheel stages that may be 

arranged singly or in sequence. In the configuration discussed in this 
paper, two types of rolling wheel are considered: a primary rolling 
wheel and a secondary rolling wheel. The primary wheel includes a 
cylindrical front section together with a conical rear section, whereas 
the secondary wheel is conical in shape. The cylindrical front section 
of the primary wheel is intended to receive steam from a flattened in-
let nozzle. Multiple inlet passages are distributed around the conical 
surface of the rolling wheel (Figures 3 & 4). Each inlet is connected to 
a corresponding outlet through an internal inclined passage. The out-

lets are positioned near the circumferential side of the wheel, close to 
the maximum radius, in order to maximize the torque arm. The inter-
nal passages are oriented as nearly parallel as possible to the local cir-
cumferential tangent so that the discharged steam retains a substan-
tial tangential velocity component. This inlet-outlet arrangement is 
central to the proposed concept. Rather than transferring momentum 
to external blades, the steam is guided through the rotating body it-
self and discharged in a direction intended to generate torque direct-
ly. The number, size, and angular orientation of the passages may be 
selected according to the required mass flow rate, target speed range, 
and manufacturing constraints.

Figure 4: Structural schematic of the secondary rolling wheel, showing its conical geometry.

Figure 3: Structural schematic of the primary rolling wheel, showing the cylindrical front section and the conical rear section.
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Inlet-Outlet Configuration and Flow Path
A key design feature is the one-to-one correspondence between 

inlet passages and outlet passages. Steam enters through inlets locat-
ed on the conical surface and exits through outlets positioned near 
the circumferential side of the wheel. Each inlet-outlet pair is con-
nected by an internal passage with an inclined orientation. The outlet 
location is chosen to be as close as practicable to the outer circum-
ference so that the effective moment arm is maximized. The passage 

orientation is intended to increase the tangential component of the 
exiting jet and thereby enhance the reaction torque. Depending on 
design objectives, the inlet area may be larger than the outlet area so 
that the flow is accelerated as it approaches the discharge side. From 
an engineering perspective, the proposed passage geometry would 
need to be optimized with respect to flow losses, manufacturability, 
structural integrity, and rotational balance. In the present paper, how-
ever, the geometry is discussed qualitatively and used primarily as the 
basis for a simplified analytical model (Figures 5 & 6).

Figure 5: Sectional view of the rolling wheel showing the circumferential distribution of outlet passages along section A-A.

Figure 6: Schematic illustration of the inlet-outlet relationship in the rolling wheel, showing inlet passages on the conical surface, outlet passages 
near the circumferential side, and the corresponding internal inclined channels.
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Potential Applications
The rolling-wheel concept may have potential applications in sev-

eral categories of gas-driven rotary machinery.

•	 It may be explored as an alternative to conventional impel-
ler stages in steam turbines, particularly in systems where compact-
ness, modularity, or manufacturing simplicity is of interest.

•	 The concept may be relevant to gas-turbine-type systems, 
especially in cases where the thermal and mechanical limitations of 
conventional high-temperature bladed rotors present design chal-
lenges.

•	 The same operating principle may be extendable to other 
gas-driven torque-generating devices in which directed flow can be 
used to produce rotational motion.

At the current stage, these applications should be regarded as hy-
pothetical and exploratory. Their practical feasibility would depend 
on detailed thermodynamic performance, high-speed mechanical be-
havior, material limits, manufacturing methods, and system-integra-
tion considerations.

Operating Principle
The proposed power-generation device consists of a shell, a main 

shaft with bushings, one or more rolling wheels, and one or more gen-
erators. In the primary stage, high-pressure steam enters a groove at 
the front of the rolling wheel through a flattened duckbill nozzle. The 

steam is then distributed into multiple inlet passages on the conical 
surface of the wheel. As the steam travels through the internal passag-
es, it is guided toward outlets located near the circumferential side. 
Because the outlet passages are inclined relative to the local tangent, 
the discharged steam produces a jet-reaction force with a tangential 
component, causing the wheel to rotate. The rolling wheel then trans-
mits torque to an electrical generator. Steam discharged from the pri-
mary wheel may be routed into a secondary wheel or into another 
downstream module. In this way, the system may be configured either 
as a standalone power-generation unit or as a sequence of modular 
stages. The concept therefore combines internal flow guidance, reac-
tion torque generation, and distributed electrical conversion.

In simplified form, the proposed operating mechanism depends 
on three effects:

•	 Jet-reaction torque generated by high-velocity discharge 
from the outlet passages.

•	 Fluid-solid interaction, including viscous effects between the 
steam and the rolling-wheel surfaces.

•	 Stage-wise or modular power extraction through indepen-
dent or semi-independent generator coupling.

The present paper does not claim that this mechanism is neces-
sarily more efficient than conventional turbines under practical op-
erating conditions. Rather, it proposes the concept as an alternative 
configuration that merits further investigation (Figures 7 & 8).

Figure 7: Overall schematic of the proposed steam power-generation device, including the shell, shaft, flat nozzle, primary rolling wheel, 
secondary rolling wheel, bushings, generator, and exhaust pipe.
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Figure 8: Three-dimensional schematic view of the proposed steam power-generation device, showing the arrangement of the rolling-wheel 
stages within the shell.

Preliminary Analytical Model
To provide a first-order estimate of performance, a simplified an-

alytical model is introduced. The model is intended only for concep-
tual evaluation and does not constitute a complete thermodynamic or 
aerodynamic treatment.

Mass-Flow Relation

The mass flow rate is expressed as m-dot = rho A v, where m-dot 
is the mass flow rate, rho is the steam density, A is the total flow area, 
and v is the outlet velocity. Thus, A = m-dot / (rho v).

Jet Thrust

Under a simplified momentum approximation, the jet thrust is es-
timated as F = m-dot v. This expression neglects inlet tangential mo-
mentum, pressure-thrust terms, and nonuniform flow effects.

Torque

The torque at radius r is approximated by T = Fr.

Angular velocity and rotational speed

Assuming that the circumferential speed is comparable to the 
outlet steam velocity, the angular velocity is estimated as omega = v / 
r, and the rotational speed is n = omega x 60 / (2pi).

Power

The shaft power is estimated by P = omega T. If an overall cor-
rection factor eta is introduced to account in an approximate way for 
transmission and electrical-conversion effects, the electrical power 
may be estimated as Pe = eta omega T.

These relations are used here only to illustrate the scaling behav-
ior of the concept. A rigorous model would also require steam-prop-
erty relations, enthalpy-drop analysis, compressible-flow treatment, 
nozzle and passage losses, rotordynamic analysis, and genera-
tor-matching considerations.

Example 1
Assume that the internal pipe cavity has a cross-sectional area of 

0.5 m2 and a diameter of 0.8 m. The inlet steam temperature is 200°C, 
the inlet pressure is 1 MPa, the mass flow rate is 10 kg/s, and the 
steam density is taken as 7.8 kg/m3. For the present estimate, the 
steam density near the outlet is assumed to be approximately 7 kg/
m3, and the desired outlet velocity is 300 m/s. Using A = m-dot / (rho 
v), the required nozzle outlet area is A = 10 / (7 x 300) = 0.004762 m2, 
which is equivalent to 4762 mm2. If the total outlet area is divided 
among 100 channels, then the outlet area per channel is A1 = 4762 
/ 100 = 47.62 mm2. For a circular outlet, the equivalent diameter is 
approximately 7.8 mm. If the steam density decreases further to 6 kg/
m3 while the total outlet area remains unchanged, the outlet velocity 
becomes approximately 350 m/s. Assuming a maximum wheel radius 
of 0.4 m, the angular velocity is 875 rad/s, corresponding to a rota-
tional speed of approximately 8350 rpm. The total thrust is estimat-
ed as 3500 N, and the torque is 1400 N·m. If the effective torque is 
approximated as 1500 N·m, including an assumed contribution from 
fluid-solid interaction, and if an overall correction factor of 0.75 is ad-
opted, then the electrical power output of the primary rolling wheel 
is estimated as approximately 1 MW. If the steam then enters a sec-
ondary rolling wheel and the density is assumed to decrease from 6 
kg/m3 to 5 kg/m3 while the outlet area remains unchanged, the out-
let velocity becomes 420 m/s. The corresponding thrust is 4200 N, 
the torque is 1680 N·m, and the angular velocity is 1050 rad/s. This 
corresponds to a rotational speed of approximately 10,000 rpm. The 
electrical power is then estimated as about 1.3 MW. If a third roll-
ing-wheel stage is added and the steam density is assumed to de-
crease further to 3 kg/m3, the outlet velocity becomes 700 m/s. The 
thrust is 7000 N, the torque is 2800 N·m, and the angular velocity is 
1750 rad/s, corresponding to approximately 16,700 rpm. The corre-
sponding electrical power is estimated as about 3.6 MW. Accordingly, 
the total estimated electrical output of the three-stage rolling-wheel 
configuration is approximately 5.9 MW.
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Example 2
Consider the same unit structure, nozzle geometry, and inlet 

conditions as in Example 1, with a duckbill-nozzle outlet velocity of 
300 m/s. Assume that the density of the steam leaving the primary 
rolling wheel decreases to 4 kg/m3. Under the same constant-area 
assumption, the outlet velocity of the primary rolling wheel becomes 
525 m/s. The corresponding angular velocity is 1312.5 rad/s, which 
corresponds to a rotational speed of approximately 12,500 rpm. The 
thrust is estimated as 5250 N, and the torque is 2100 N·m. Using the 
same overall correction factor of 0.75, the corresponding electrical 
power is estimated as approximately 2 MW. Next, assume that steam 
with a density of 4 kg/m3 enters the secondary rolling wheel and 
that the density at the outlet decreases to 3 kg/m3. The outlet veloc-
ity then becomes 700 m/s. The angular velocity is 1750 rad/s, and 
the rotational speed is approximately 16,700 rpm. The total thrust 
is 7000 N, and the total torque is 2800 N·m. The corresponding elec-
trical output is then estimated as about 3.6 MW. Therefore, the total 
estimated electrical power output of the two-stage rolling-wheel con-
figuration in this example is approximately 5.6 MW.

Example 3
Assume that the steam power generator contains only two roll-

ing-wheel stages, and that the steam discharged from the secondary 
stage is routed through piping into a second steam power generator. 
In this arrangement, the outlet flow from the first generator becomes 
the input source for the second generator. From Example 1, the com-
bined output of the first and second rolling-wheel stages in the first 
generator is approximately 2.3 MW. At the outlet of the second rolling 
wheel in the first generator, the steam density is assumed to decrease 
to 5 kg/m3. Instead of entering a third rolling-wheel stage, this steam 
is conveyed to a second steam power generator having the same 
duckbill-nozzle geometry as the first device. Steam with a density of 
5 kg/m3 is then assumed to enter the primary rolling wheel of the 
second generator. If the density of the steam leaving the primary roll-
ing wheel of the second generator decreases from 5 kg/m3 to 4 kg/
m3, the outlet velocity becomes 525 m/s. Using the same calculation 
approach as in the preceding examples, a steam outlet velocity of 525 
m/s corresponds to an estimated electrical output of approximately 
2 MW for the primary wheel of the second generator. If the density of 
the steam leaving the secondary rolling wheel of the second generator 
decreases from 4 kg/m3 to 3 kg/m3, the outlet velocity becomes 700 
m/s. Under the same assumptions, this corresponds to an electrical 
output of approximately 3.6 MW for the secondary wheel. According-
ly, the total output of the second generator is estimated as 5.6 MW, 
and the combined output of the two generators connected in series 
is estimated as 7.9 MW. This example illustrates the modularity of the 
proposed concept. However, the practical feasibility of serial energy 
extraction in this manner would require verification through a full 
thermodynamic energy-balance analysis.

Thermodynamic Feasibility Check
The performance estimates presented in the preceding examples 

are based on simplified momentum and kinematic relations. Howev-
er, for a steam-driven power-conversion device, the predicted elec-
trical output must remain consistent with the thermodynamic work 
available from the steam. For an inlet state of approximately 1 MPa 
and 200°C, the steam is in the superheated region. Standard super-
heated steam tables are therefore more appropriate than saturated 
tables for estimating the inlet enthalpy and entropy. A representative 
engineering estimate for this state is an inlet specific enthalpy of ap-
proximately 2818 kJ/kg and an inlet specific entropy of approximate-
ly 6.69 kJ/kg·K, consistent with widely used thermodynamic tables 
and engineering references.

The total power predicted in Example 1 is approximately 5.9 MW 
for a steam mass flow rate of 10 kg/s. This corresponds to a specif-
ic work output of about 590 kJ/kg. In order for this prediction to be 
thermodynamically feasible, the steam would need to experience an 
effective enthalpy drop at least of this magnitude after accounting for 
all nozzle, passage, mechanical, and electrical losses. Under an ideal-
ized upper-bound interpretation, the required enthalpy drop may be 
estimated from P divided by m-dot, yielding approximately 590 kJ/kg. 
If this value is subtracted from the inlet enthalpy, the outlet enthalpy 
corresponding to the predicted total output becomes approximately 
2228 kJ/kg. 

This is a useful consistency check, but it should not be interpret-
ed as a demonstrated outlet state, because the actual outlet pressure, 
quality, entropy change, kinetic-energy carryover, and internal irre-
versibilities have not yet been established. A more rigorous evaluation 
would require the outlet pressure or pressure ratio for each stage, fol-
lowed by an isentropic or polytropic expansion analysis using steam 
tables or an IAPWS-based property model. The resulting theoretical 
enthalpy drop would then need to be compared against the estimated 
electrical output after accounting for system efficiency. Without this 
step, the current calculations remain conceptual rather than predic-
tive. Therefore, the power estimates reported in this study should 
be interpreted as preliminary conceptual estimates only. A rigorous 
feasibility assessment would require specification of inlet and outlet 
steam states, calculation of enthalpy change using steam tables or an 
equation of state, estimation of nozzle and passage losses, verification 
of compressible-flow constraints, and confirmation that the predicted 
electrical output does not exceed the available thermodynamic work.

Limitations of the Present Study
The present work has several important limitations.

•	 The analysis is conceptual and does not yet include a full 
thermodynamic treatment of steam expansion.

•	 The internal flow within the inlet-outlet passages has not 
yet been analyzed using compressible-flow theory or computational 
fluid dynamics.
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•	 The mechanical behavior of the rolling wheel at high rota-
tional speed has not yet been evaluated.

•	 The current analysis does not yet consider manufacturing 
tolerances, passage-machining limitations, material selection, 
sealing, leakage, or long-term reliability under high-temperature 
steam conditions.

•	 The predicted electrical output has not yet been verified ex-
perimentally.

Consequently, the present study should be regarded as an initial 
design hypothesis and analytical exploration rather than a validated 
engineering solution [1-10].

Discussion
The rolling-wheel concept represents an alternative approach to 

steam-driven torque generation. Instead of relying on convention-
al blade rows, the proposed configuration uses distributed internal 

passages to convert steam flow into circumferential reaction torque. 
From a conceptual standpoint, this arrangement may offer advantag-
es in structural simplicity and modularity. However, the simplified 
calculations presented here should not be interpreted as evidence of 
superior practical efficiency relative to existing turbine technology. 
Steam turbines have been optimized over many decades, and any al-
ternative concept must be evaluated against stringent thermodynam-
ic, aerodynamic, structural, and economic criteria. The main contri-
bution of the present work is therefore not the demonstration of a 
validated performance breakthrough, but the introduction of a new 
geometric and functional concept for steam-energy conversion. Its 
practical value will depend on whether future analyses and experi-
ments can confirm adequate efficiency, acceptable mechanical integ-
rity, and competitive system-level cost. In this sense, the rolling-wheel 
concept should be regarded as a candidate architecture for further 
study rather than as an immediately deployable replacement for con-
ventional turbine stages.

Nomenclature
Table 1.

Symbol Definition Unit

m-dot Mass flow rate of steam kg/s

rho Steam density kg/m3

A Total outlet flow area m2

A1 Outlet flow area of a single channel m2 or mm2

v Steam outlet velocity m/s

F Jet thrust N

T Torque N·m

r Effective outlet radius m

omega Angular velocity rad/s

n Rotational speed rpm

P Shaft power W

Pe Electrical power output W

eta Overall correction or efficiency factor -

d Equivalent outlet diameter mm or m

h_in Inlet specific enthalpy kJ/kg

h_out Outlet specific enthalpy kJ/kg

eta_sys Overall system efficiency -

Conclusion
This paper has presented a jet-driven rolling-wheel concept as a 

possible alternative to conventional impellers in steam-turbine ap-
plications. The proposed design uses multiple inlet-outlet passage 
pairs distributed around a conical rolling wheel to generate rotation-
al torque through jet reaction and fluid-solid interaction. A simplified 

analytical model was introduced to estimate the relationships among 
steam density, outlet area, discharge velocity, thrust, torque, rotation-
al speed, and electrical output. Under the assumptions used in the 
present examples, the concept appears to merit further investigation 
as a modular and compact steam-energy-conversion approach. At the 
same time, the present study remains preliminary. The analysis does 
not yet include full thermodynamic consistency, compressible-flow 
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modeling, structural verification, or experimental validation. Future 
work should therefore focus on detailed thermodynamic analysis, 
CFD simulation, high-speed mechanical assessment, and prototype 
testing in order to determine whether the concept can provide practi-
cal advantages over conventional turbine technology.
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