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In this study we have modeled a high-temperature Root’s
type compressor and compared predicted results with measurements. Compression process is modeled using multiple
control volumes. Initially, there are two control volumes connected by an “expansion nozzle” naturally formed by the rotor tip and the blower casing. The “nozzle” has time-varying
geometry and is modeled to allow transition from choked to
non-choked flow. The well-filling process is modeled via expansion of the compressed gas from the high-pressure reservoir into the well through this “nozzle.” When the pressures
in the well and reservoir equalize, the “passive” part of the
compression process is taken to be complete. At this point,
the gas in the well is assumed to be fully-mixed and the two
control volumes are subsequently considered as one. Then
the “active” part of compression takes place. Numerical computations are shown to agree well with the experimental data.
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Design of a Root’s type machine for the production of a high
temperature stream of gas can hardly rely on the simple performance expressions introduced early in the twentieth century
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(e.g., Ware and Wilson, 1927). In this work, departure of the experimental data from assumed polytropic behavior was adjusted
by a multiplicative coefficient. The coefficient also varied with
the rotational speed of the supercharger. Such an approach was
considered as acceptable because the lower the pressure ratio the
less error realized. The common use of the ideal Root’s blower
formula (Taylor, 1966) for calculating the shaft work required
for raising the pressure due to the decreasing volume, rapidly
losses accuracy as the pressure ratio increases. The complex
pressure history in the compressor along with increased leakage, and other factors largely contribute to the deviation.
A significant contribution to the compression theory of a
Root’s type blower was made by dividing the compression process into two stages (Kestin and Owczarek, 1952). The first stage
is an instant expansion of the reservoir gas into the well, where
it mixes with the gas in the well thereby raising the pressure and
temperature. In the second stage, the combined volume undergoes compression by reduction in volume at constant mass. Once
the compression is completed, a certain amount of mass is released through a valve to complete the cycle. This work revealed
a very interesting discussion of the effect that the volumetric ratio of the reservoir to the well has on overall performance. We
found a closed form solution (Blekhman et al., 2000) to this
problem even while gas is allowed to leave the system during
the compression stage.
The work of (Patterson and Ritchie, 1969) was the first attempt to describe comprehensively the performance of a Root’s
blower. The authors included such effects as heat transfer, friction losses and leakage. Unfortunately, the analytical expressions did not include the expansion mixing process. Therefore
the finite time of mixing was ignored and, consequently, some
reduction in the volume compressed was not included. This resulted in theoretical overestimates of the power required at high
speeds and at pressure ratios up to 1.6.
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Very high rates of volumetric displacement and low frictional
losses make a Roots type blower almost an ideal supercharger.
Many researchers have worked on improving the performance of
such superchargers. Behavior of the control volumes and areas
involved (Ucer and Celik, 1980) were detailed in a kinematic
analysis. Their mathematical model was found to be in good
agreement with the available test data. A very comprehensive
study (Sorenson, 1984) detailed the governing equations for a
particular three-lobe supercharger. A dimensionless flow coefficient was used to adjust the flow rates. A bond graph method
was used in a more recent simulation (Merala et al., 1998). Even
neglecting heat transfer, the numerical results were found to be
in good agreement with measured data. Pressure ratios of up
to 1.8 only were reported, probably due to inherent practical
limitations on a supercharger.
Much higher pressure ratios are required in analyzing a multirecompression heater (MRH). The concept of MRH was first
introduced by (Weatherston, 1969) for use in a large hypersonic testing facility. A rotary mechanical device for achieving high temperatures was described and analyzed. The MRH
concept was further developed (Russo and Daiber, 1976) and
(Dubrin and Harri, 1979) for an isotope separation process. This
idea evolved into a large, complex, four-lobe, internally cooled
Root’s type MRH. It was intended to reach temperatures of up to
5000 K. However, due to an unanticipated torsional effect in the
drivetrain, the prototype, built under the sponsorship of LLNL,
failed during no load testing. The probable failure mechanism
has been identified (Russo, 1999) and can be properly addressed
in future designs. Availability of new high temperature materials may significantly reduce the need for cooling the rotors with
adiabatic operation potentially achievable for applications of up
to 2000 K.
The continuing need for high temperature sources of contamination free gas combined with new material technologies
has refueled interest in MRH. We see MRH potential in applications such as high temperature experimental studies, optical
fiber production , and chemical synthesis. Use of an MRH for
ethylene production was recently evaluated (Smith, 2001). The
study showed that an MRH based process can be a viable alternative in ethylene synthesis.
The present research focuses on a Root’s type compressor design as the description of the MRH process. A set of dimensionless gasdynamic equations is developed and analyzed describing
processes and conditions for the range of design parameters associated with high output temperatures.
ANALYSIS
Although many alterations to the Root’s blower design have
been introduced throughout the years, the basic configuration
has stayed the same. Two intermeshing impellers, which are
mounted on parallel shafts, are enclosed in a housing, Figure 1.
Fluid enters and exits perpendicularly to the plane of the impellers’ shafts through inlet and outlet ports. The most common
configuration of the Root’s type compressor uses two lobe im-

FIGURE 1
Four-lobe Root’s type compressor, showing the position of the
impellers an instant before the expansion-mixing process
between the reservoir and well.
pellers; three lobe impellers are used less frequently. A four lobe
design, considered so far only theoretically, has a lower volumetric displacement than its two lobe counterpart of the same
diameter and type of geometry. However, it offers a greater rigidity and reduces the magnitude of the pulsations in the reservoir
(Russo, 1999). The lobes’ tips and the sides of the impellers
are separated from the inner surface of the casing by small gaps
(clearances). The clearances are varied in different locations of
the compressor in order to accommodate for mechanical and
thermal loads. The gap provides the oil-free operation of the
compressor. Thus, there is no contamination introduced to the
pumped gas and the friction losses are greatly reduced.
A well (CV2) is formed between the casing and two consecutive lobes on an impeller when the second of the two lobes in the
direction of the rotation, passes the inlet’s breakaway point. This
is the point, after passing which, the communication (except for
the leakage) between the well and the inlet can be considered to
be over. Gas at the “inlet” temperature and pressure is trapped
in the well volume. The mechanical action of the rotating well
brings the trapped gas to the outlet region. While in the process of moving, the well is in constant communication with the
other regions of the blower through the leakage passages. The
gas leaking into the well increases the pressure, temperature and
mass of the gas in the well, but not to the level of the outlet reservoir. Some of the gas leaks out of the well volume into the lower
pressure side.
As the tip of leading lobe reaches the breakaway point of
the high pressure reservoir (CV1) the expansion process begins.
The reservoir breakaway point is considered to be the location
where the minimum distance between the lobe tip and the casing starts to increase sharply from its clearance value due to the
rotation of the impeller. Thus, a passage (nozzle) for flow of the
high pressure gas is formed. The configuration of the passage
constantly changes with the rotation of the lobe. This time dependent behavior is based on the lobe and casing geometries and
is unique for each design. Treatment of a particular nozzle shape
will be considered in this paper.
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Formation of a nozzle provides a means for the high pressure
gas to flow into the well at rates much higher than the leakage.
In the high temperature Root’s compressor it is expected that the
pressure ratio is high enough for choked flow to develop at the
beginning of the expansion-mixing process. The reservoir gas
flows into the well, where it expands and irreversibly mixes with
the well gas. Simultaneously, the well volume slightly decreases,
additionally contributing to the compression of the gas in the
well. This decrease in volume comes from the propagation of
the nozzle throat into the well region as the well rotates toward
the nozzle throat. These processes cause the pressure to first
increase to the point where the flow through the nozzle becomes
unchoked and then to increase until the pressure in the well and
reservoir are practically equal. When this occurs, the mixing
process is considered finished.
In the next step, the well and the reservoir are taken to be
a single control volume (CV3) which undergoes a compression
as the remaining portion of the well continues to decrease in
volume. After the mixing, the temperatures in both volumes
slightly differ. In order to proceed further, a mean temperature of
the combined volume is used. The final compression was already
discussed in great detail in our previous study (Blekhman et al.,
2000). An analytical solution for this part of the problem exists
if the flow through the outlet is both adiabatic and choked at all
times. Compression ends when a new well is introduced by the
other impeller on the opposite side of the high pressure reservoir.
The total time for a single combination of expansion-mixing and
compression is called the time of compression. The number of
compressions per full revolution of the drive shaft is twice the
number of lobes per impeller.
A complex process takes place in the reservoir region as
well. First, the high pressure gas flows into the well. The pressure fluctuation here depends mainly on the volumetric ratio of
the reservoir to the well. The larger the ratio the smaller the
fluctuations at a given pressure ratio. Second, the compressed
high temperature gas flows out of the device through its outlet
port. In contrast to the nozzle flow which exists only as long
as the expansion-mixing process takes place, the outlet flow is
always present. However, the flow rate is not constant: it pulsates due to the pressure fluctuations. In order to accommodate
different down-stream applications the outlet can have different
designs—a converging or a converging-diverging nozzle, for example. Depending on the outlet configuration, the down-stream
pressure and the operational conditions of the compressor, the
outflow could be either choked, unchoked or alternating between
these conditions. Third, the reservoir volume has a complex time
history. There is a region of the reservoir where volume stays
the same. However, in the region, swept by the lobes, the volume continually changes. While one of the wells is undergoing
the expansion-mixing process, its leading lobe intrudes into the
free space of the reservoir, decreasing the reservoir volume. At
the same time on the opposite side of the reservoir, the trailing
lobe of a well has just finished its compression and is becoming a
moving region of the reservoir. Calculations and (Patterson and

Ritchie, 1969) show that the reservoir volume varies approximately linearly with time; when the mixing process ends the
combined control volume becomes a sum of the reservoir and
well volumes. The well volume during mixing can be approximated as constant; consequently, the combined volume continues to decrease linearly.
The physical model employs the following assumptions: the
working fluid is a perfect gas and its potential and kinetic energies are neglected; the processes are quasi-steady; mixing is
instantaneous, and, thus, homogeneous conditions throughout
the control-volumes always exist; there is no control volume
associated with the “nozzle” because it serves the purpose of
quantifying the flow from the reservoir into the well; the inlet is
a large reservoir of uniform pressure; and, the viscous and shaft
works are taken to be zero.
The first law, mass conservation, and ideal gas equations for
the i-th CV are:
Q̇ i − Pi

d Vi
d(Mi Ui )
=
+ ṁ iout h iout − ṁ iin h iin
dt
dt
dMi
= ṁ iin − ṁ iout
dt
Pi Vi = Mi RTi

[1]
[2]
[3]

where the rate at which work is done by the pressure on the
boundaries is given by Pi d Vi /dt. The heat transfer across the
boundaries of the CVs is given by:
Q̇ i = q  AiHT
q  ∼
= h HT (Tenv − T̄HT )

[4]
[5]

Such a representation is chosen because the heat transfer out
of a high temperature Roots compressor is dominated by the
cooling conditions available on the outer surface of the blower
unless a special internal cooling is involved. Therefore h HT is an
overall transfer coefficient which includes conduction across of
the casing, convection and radiation. T̄HT corresponds to some
average surface temperature of the unit. It is impossible to have
an accurate prediction of the temperature distribution on a compressor unless a specific study is conducted. For the purposes
of this paper T̄HT is taken as following and should provide an
adequate estimate:
T̄HT =



AiHT TiHT



AiHT

[6]

The other terms in the Equations (1)–(2) are:
Ui = Cv Ti

h iout



C p T1
= 0


C p T3

i =1
i = 2,
i =3



0
in
h i = C p T1


0

[7]
i =1
i =2
i =3

[8]
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ṁ e + ṁ n + ṁ l
= 0


ṁ e + ṁ l


i =1

0
in
i = 2, ṁ i = ṁ n


0
i =3

i =1
i =2
i =3

[9]

Equation (9) shows that the leakage is considered only for
CV1 and CV3. Thus assessment of the leakage is approximate;
a better model, which takes into consideration each leakage path
and adjusts according to thermal expansion, could be included
in future models. Presently, the leakage model is based on the
corresponding total clearance area. This includes the flows in
the passages located between: the casing and the impellers’ tips;
casing and lateral sides of the impellers (reduced by the shafts);
and the two intermeshing impellers. The latter passage geometry
is dependent on the current impeller position and widely varies
with time for circular geometry.
The mass flow for choked flow through a nozzle configuration
is obtained from:

ṁ schoked = As Pi

k
R·Ti

1/2

=

As Cv Mi Ti
Vi

f (k) ≡ k

1/2

(k − 1)

1/2 

k+1
)
( 2(k−1)
2
k+1



f (k)

[10]

k+1
)
( 2(k−1)
2
k+1

[11]

Where f (k) is a constant for a given gas; for air, f (7/5) =
0.433.
During the numerical simulation independent unit-step functions monitor when the pressure ratio between the communicating CVs or the environment and CVs falls to critical, and
automatically switches to the non-choked flow expression
2
k−1


Pj k
Pj k
2k
ṁ s = As
1−
Pi ρi
k−1
Pi
Pi

Pj
= ṁ schoked g k,
Pi
k+1 
2




Pj
Pj
k + 1 k−1 P j k
2
g k,
=
1−
Pi
k −1
2
Pi
Pi



1/2

[12]
k−1
k

1/2

[13]
where g(k, P j /Pi ) is a non-dimensional function, which represents the flow rate adjustment from the choked regime to the
non-choked regime. It is a function of the specific heat ratio and
pressure ratio between the two regions. As pressure equilibrates
g decreases such that:
lim(g(k, P j /Pi )) = 0
P j /Pi → 1

Ti
(k − 1) dVi
dTi
+
Ti + (k − 1)ṁiout
dt
Vi
dt
Mi
bA
(T
−
kT
)
i
1
iHT
+ṁiin
=
Mi
Mi
dMi
= ṁiin − ṁiout
dt
1/2
As Mi Ti
ṁschoked = a
Vi

[14]
[15]
[16]

where
t ≡ t/tc ,

Ti (t) ≡ Ti (t)/T2 (0),
Vi (t) ≡ Vi (t)/V2 (0),

Mi (t) ≡ Mi (t)/M2 (0),
Aany (t) ≡ Aany (t)/Ae

and
1/2

a ≡ f (k)Ae Cv1/2 T2 (0) /[V2 (0)/tc ]
b ≡ [q  Ae · tc ]/[Cv m 2 (0)T2 (0)]
= (k − 1)[q  Ae ]/[P2 V2 (0)/tc ]

1/2

1/2

Equations (1), (2) and (10) can be rewritten in a nondimensional form:

[17]
[18]

Temperature, mass and volume in the equations above are
non-dimensionalized by the conditions in the well immediately
after it separates from the inlet region. Instead of introducing a
third control volume for the inlet, this approach allows to simplify referencing to the conditions of the incoming gas. Assuming that mixing of the leaking and incoming gases takes place
adiabatically at the inlet pressure, the inlet temperature and required new mass are recalculated based on conservation of mass
and energy. The leaked mass and energy are obtained from the
solution by integrating the corresponding terms.
All areas in the model are non-dimensionalized with respect
to the exit area. The volume of the well also has an important
role because it is directly related to the theoretical compressor
displacement volume VD = 2N · V2 (0). For time, tc (sec) =
60/(2N · rpm) the time of compression is used, which ties together such important model parameters as rotational speed and
number of lobes. Thus the term [V2 (0)/tc ] in Equation (17)
equals V̇ D , the compressor geometric volume flow rate.
The well, reservoir and combined volumes are assumed to
vary linearly with time. Our analysis of the circular lobe geometry, as well as the analysis of (Patterson, 1960), indicates that
the variation of the working volumes with angle of rotation is
linear to within a few percent. For three- and two-lobe circular
impellers, the deviation from linear is only slightly more than for
four-lobe impellers. The larger the reservoir volume the better
the linearity assumption becomes. The reservoir volume is taken
to be V1 (t) = r−t, where r = V1 (0)/V2 (0). The normalized well
volume is assumed to be unity throughout the expansion-mixing
and compression stages. The combined volume is a simple superposition of the two at the start of the compression phase.
The dimensionless equations above allow the analysis of a
general compressor. The dimensionless coefficient a, Equation
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(17), will be called a compression coefficient. It defines the level
of compression achieved in a Root’s type device. The lower the
value of a, the higher the final pressure ratio obtained. On the
one hand, a is independent of the number of the lobes and thus
equally models different configurations of the device. On one
hand, it incorporates diverse effects from different aspects of the
compressor. For example, an increase in leakage would result in
a square root increase of a through the initial temperature in the
well, but can be adjusted back by a linear decrease of the outlet
area or an increase in the rotational speed. The kind of interplay
of the variables in a outlined above provides a valuable tool in
the design process. There exists an upper value of a at which
compression can be sustained; for example, due to a very large
exit area.
Heat transfer in the model is introduced through a dimensionless thermal transport coefficient b. Its nature is similar to a
and provides an estimate of the combined effect of several design parameters on the heat transfer in the compressor. It is most
likely that the design of an MRH will require some heat removal
q  < 0; for a device which is insulated and is approximately
adiabatic, q  = 0.
DISCUSSION OF THE NOZZLE
The well filling process as we identified above is a complex,
multi-stage process. Two control volumes become connected by
an “expansion nozzle,” which is naturally formed by an impeller
tip and the compressor casing. In a high temperature Root’s compressor the pressure ratio is sufficiently large for a choked flow
to develop at the beginning. The present model is only concerned
with the mass and energy of the high temperature gas flowing
into the well. This is adequately modeled by Equation (16). The
shape of the “nozzle” can be described as a converging-diverging
nozzle with time-varying geometry. As long as the flow through
the “nozzle” is choked, the throat area is used in the calculation, Figure 2. However, as the pressure in the throat rises to the
critical pressure
Pt∗
=
P1



2
k+1

FIGURE 2
Shows the throat of the “nozzle” formed by the upper casing
and the impeller during the expansion-mixing process. The
dashed line shows the circular geometry of the example.
complex configuration is involved, a numerical approach could
be applied. The impeller lobe considered, the inner surface of
the casing and reservoir after the breakaway point all have a
circular geometry, Figure 2. Since the throat is formed by two
circles, the minimum distance (the throat) is a distance between
the centers of the circles, Equation (20), with the radii subtracted,
Equation (21):
xu = 0
,
yu = Rz

xq = R p sin θ
yq = R p cos θ

[20]

At /W = ((Rz − R p cos θ )2
+ (R p sin θ)2 )1/2 − Ru − Rq

[21]

where Rz = R p + Rq + Ru + clrn.

k/(k−1)

[19]

and above Equation (16) is replaced by Equation (12) in nondimensional form and the flow rate becomes a function of the
pressure in the well (which is not the same as the throat pressure).
The exit area of the “nozzle” should be taken at the cross section
which is at well pressure. This choice is somewhat arbitrary. For
example, a location where secondary flows, generated due to
the nozzle’s geometrical expansion, are avoided. The angle δ,
at which such flows are prevented from forming, is about 7 to
10 degrees, Figure 3. Thus, if there are two pressure ratios P1 /P2
and Pt /P2 available for calculation, Pt /P1 is implicitly evaluated
and checked against the critical condition, Equation (19). If the
pressure is above critical then Equation (12) is applied.
Next is an example analysis of such a particular configuration.
This analysis makes use of a simplified geometry. If a more

FIGURE 3
Shows the generation of An between the casing and the
impeller. The dashed lines represent corroborative geometry.
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Imposing the angle δ on the present geometry, Figure 3, generates the nozzle area An :
(An /W )2 = (At + (Ru + Rq )(1 − cos δ))2
+ ((Ru − Rq ) sin δ)2

[22]

The variation of Pt /P2 with the area ratio is then given by:
An
=
At



Pt
P2

1
k




1−

Pt
P1

k−1
k




1−

P2
P1

k−1
k

1/2

[23]
All the required areas and pressures have been identified. The
mass and energy flowing into the well can then be calculated
throughout the expansion-mixing process for all possible flow
regimes.

FIGURE 5
Effect of the reservoir volume r (1.5, 2, and 10) on the blower
performance. Dashed line represents Kestin-Owczarek
model r → ∞.

NUMERICAL SIMULATION AND EXPERIMENTAL
RESULTS
A generic two lobe Root’s compressor operating on air was
chosen for this numerical simulation. Due to the cyclic nature
of the compression in a Root’s blower, the numerical integration
of the equations was performed until the thermodynamic properties in the control volumes converged. The initial states for the
integration are unity for the well conditions and an intelligently
estimated state for the reservoir. Converged results for the no
leakage condition are used as a starting point for the simulations
having leakage flow and heat transfer.
Figure 4 shows the effect, which the ratio of well to reservoir
volumes has on the pressure fluctuation in the reservoir during
a compression cycle. For r = 10 the fluctuation is about 5% as
opposed to 17% for r = 2. Although the maximum achieved
pressure will be less, enlarging the reservoir volume can attain
a significant reduction in noise. Size versus noise is a very important issue in automotive superchargers. On the other hand, r
has only small effect on the overall temperature versus pressure

performance of the compressor, Figure 5. The model also shows
a good agreement with the (Kestin and Owczarek, 1952) model
developed for no leakage or heat transfer case.
Figure 6 represents signatures of both pressure in the well
and reservoir. The mixing-expansion process takes place until
both pressures equilibrate. The figure shows that the mixing time
increases as does the pressure ratio following the reduction in the
compression coefficient a. However, the increase in the mixing
time is not as fast after the half time even for very high pressure
ratios because the throat area, which is opening slowly in the
first quarter of the compression cycle, becomes wide open by
the half time providing an adequate mass flow to equilibrate the
pressures in the control volumes.
One of the most important factors in operating a Root’s
type device is leakage. Figure 7 shows how fast the final temperature rises due to leakage. There are two important effects
present. First, the device’s mass throughput is decreased by
the amount of mass leaked to the low pressure side. Second,

FIGURE 4
Pressure fluctuation in the reservoir as a function of its size,
a = 0.3.

FIGURE 6
Effect of the compression coefficient a (0.3, 0.5, and 0.7) on
the pressure in the control volumes. The solid line corresponds
to the reservoir and dashed to the well, r = 2.
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FIGURE 7
Effect of leakage Al (0, 0.2, and 0.4), r = 10.
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FIGURE 9
Comparison of the normalized pressure signature in the
reservoir. Solid line-model, dashed-experiment.

compression takes place at an elevated temperature resulting in
“multi-recompression” and consequently very high output temperature even at relatively low pressure ratios.
The heat transfer in the system is another important component of the model. It is represented by the areas of heat transfer on
the casing surface and b. Its effect, see Figure 8, is more straightforward than that of the leakage. The final temperature can be
affected by as much as 20–30% at high temperatures, even in
the case of natural convection and radiation at room conditions.
Figure 9 shows a very good agreement between the present
model and the previously reported experiment (Blekhman et al.,
2000) in capturing the reservoir pressure signature of a Weiand
Pro-Street 142 automotive supercharger at 8900 rpm. The presented normalized results indicate the model’s capabilities in
capturing the gas-dynamic behavior. There are two “blips” in
the data and one in the model. The first “blip,” initially believed
to be a product of shockwave interactions, can be mainly related
to the ability of the reservoir to expel mass through the exit area
and the “nozzle” while undergoing reduction in the volume dur-

ing the expansion-mixing stage. The “blip” magnitude and the
time of occurrence are dependent on a combination of several
factors, such as r, a and the “nozzle” enlargement rate, as can be
seen from Figures 4 and 6. The second “blip,” occurring during
the compression stage and not reproduced by the theory, might
be attributed to the peculiarities of the supercharger geometry
not reflected in the current model.
A more complex series of experiments was conducted using a Dresser-Roots Whispair RAM 404 blower. A maximum
steady state outlet temperature of 650 K was achieved at a pressure ratio of 3.2 and speed of 2180 rpm. The Whispair design has a proprietary feature: an enlarged reservoir with slots,
which alternatively open to the wells allowing for gas in the
reservoir bleed into the normally low pressure wells. According to the manufacturer this allows for slower pressure build
up in the exposed well, and, consequently, for reduction in
pressure fluctuation and overall noise produced. In order to
accommodate this feature, Equations (22)–(23) were significantly modified. The compression in these experiments was
achieved by drawing a vacuum at the inlet; therefore, another

FIGURE 8
Effect of heat transfer, b = (0, −5E-5, −10E-5),
Al = 0.4, AHT = 2300, r = 10.

FIGURE 10
Comparison of calculated and measured performance for
Dresser-Roots Whispair RAM 404 blower. Solid line-model,
dashed-experiment.
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modification was introduced to compensate for this in the
compression model.
Measured heat transfer and leakage rates were used as input
to the current calculation rather than predicted. All these modifications and the details of the experiment will be described in
a paper to be written. Figure 10 shows that the proposed model
demonstrates very good agreement with the experiment. The
deviation in the high pressure region can be attributed to the uncertainty of the leakage under extremely low flow rates through
the blower at these regimes.
CONCLUSIONS
The model presented here provides qualitative and quantitative analysis of a high pressure, high-temperature Root’s type
device as well as guidance for future designs of an MRH. The
model modified to two control volumes adequately describes
the operational parameters. Our model has extended the ability to predict the temperature increase to higher pressure ratios.
Good agreement with the experimental data has been shown for
pressure ratios up to three.
Close attention should be paid to the modeling of the “nozzle” in order to have accurate analysis of the expansion-mixing
process and assessment of the noise contributing factors.
The model contains dimensionless compression and thermal
transport coefficients which permit a design/performance tradeoff assessment in terms of: gas used, exit area, operating speed,
machine size etc. Modeling of leakage and heat transfer may be
improved by introducing more detailed models of each.
NOMENCLATURE
Notation
A, A
a
b
clrn
C p, Cv
CV
δ
f
g
h
k
M, M
ṁ, ṁ
N
P, P
Q̇
q 
R
r

area, dimensionless area
dimensionless compression coefficient, Equation (17)
dimensionless thermal transport coefficient, Equation (18)
clearance
specific heats
control volume
angle at which secondary flows are avoided
dimensionless coefficient, Equation (11)
Conversion coefficient to subsonic flow, Equation
(13)
specific enthalpy, overall transfer coefficient
specific heats ratio
mass of a control volume, dimensionless mass
mass flow rate, dimensionless flow rate
number of lobes per impeller
pressure, dimensionless pressure
heat transfer rate
heat flux
gas constant for gas or radius
well to reservoir volumetric ratio at time zero

rpm
T , T and T̄
t, tc and t
θ
U
V,V
W
x, y

shaft rotational speed in revolutions per minute
temperature, dimensionless and average
temperature
time, cycle and dimensionless time
impeller rotation angle
internal energy
volume, dimensionless volume
impeller length
x and y coordinates of a circle center

Superscripts and Subscripts
1
reservoir conditions
2
well conditions
3
combined volume conditions
i, j
any of the 1, 2, and 3
in
inlet conditions, or into a control volume
out
reservoir conditions at the beginning of the cycle,
or out of a control volume
HT
heat transfer on the casing surface
e
exit, out of the reservoir
n
nozzle formed between the well and reservoir
l
leakage
env
environment
s
any of the e, n, l
t
throat
any
any of the e, n, l and HT
p
pitch
q
lobe upper circle
u
casing geometry connecting the well and reservoir
z
combined distance
min, max
minimum, maximum
∗
critical condition
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