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Abstract
This paper investigates the flow and heat transfer characteristics in a pre-swirl
cavity with radial rim seal by solving the RANS equations using the SST tur-
bulence model, and studies the sealing performance of the radial seal employing
the additional variable method. Comparisons are made of the cavity discharge
coefficient, disc surface Nusselt number, and sealing effectiveness under vari-
ous coolant flow rates and inlet pre-swirl ratios. The results indicate that at
the mid-plane, the pre-swirl ratio increases with increasing inlet pre-swirl ra-
tio, while the static pressure coefficient increases linearly in the radial direction.
Mainstream ingestion elevates the adiabatic temperature of the disc wall, and
the Nu calculated from the flow condition is slightly overpredicted compared to
the actual value. Inlet pre-swirl enhances the sealing effectiveness.
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Abstract The flow and heat transfer characteristics in a pre-swirl rotor-stator
cavity with rim radial seal are numerically investigated using RANS equations
and the SST turbulence model. An additional passive tracer method is employed
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to simulate mainstream ingestion phenomena. The study examines variations of
the flow coefficient in the cavity, the Nusselt number on the rotor surface, and
sealing efficiency under different sealing flow rates and pre-swirl ratios. Numeri-
cal results demonstrate that within the cavity, the pre-swirl ratio increases with
the inlet pre-swirl ratio. The static pressure coefficient increases linearly along
the radial direction. Due to mainstream ingestion causing a rise in the rotor’s
adiabatic temperature, the Nusselt number calculated based on the flow state is
slightly larger than the actual value. Inlet pre-swirl is beneficial for improving
sealing efficiency.

Keywords: turbine; rim seal; pre-swirl system; numerical simulation

2.3 Analysis of Flow and Heat Transfer Characteristics

The Nusselt number is defined as 𝑁𝑢 = ℎ𝑟/𝑘 = 𝑞𝑤𝑟/[𝑘(𝑇𝑤 − 𝑇𝑤,𝑎𝑑)], where
𝑇𝑤,𝑎𝑑 represents the adiabatic wall temperature. The adiabatic temperature on
the rotor surface is calculated using the equation:

𝑇𝑤,𝑎𝑑 = 𝑇0,𝑝 − Ω2𝑟2
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where 𝑣′
,1 denotes the pre-swirl velocity at the inlet (𝑃𝑟1/3). Figure 8 [Figure 8:

see original paper] illustrates the radial variation of the Nusselt number on the
rotor surface for different flow coefficients. The results indicate that mainstream
ingestion leads to an increase in the adiabatic temperature on the rotor, causing
the calculated Nusselt number to be slightly higher than the actual value.

Figure 9 [Figure 9: see original paper] shows the distribution of adiabatic temper-
ature on the rotor surface. The effect of sealing flow rate on sealing efficiency is
presented in Figure 10 [Figure 10: see original paper], which reveals that higher
sealing flow rates generally improve sealing performance. The circumferential
distribution of static pressure coefficient in the annulus is depicted in Figure 11
[Figure 11: see original paper], demonstrating periodic variations corresponding
to the stator vanes.

The distribution of radial velocity in the axial clearance is shown in Figure
12 [Figure 12: see original paper], while Figure 13 [Figure 13: see original
paper] displays the sealing efficiency at different radial positions. These results
are obtained for flow coefficients of 𝐶𝑤 = 1500 and 𝐶𝑤 = 6000, representing
different operating conditions. The static pressure coefficient exhibits a linear
increase along the radial direction, consistent with theoretical expectations for
rotating cavity flows.

The numerical simulations employ the SST turbulence model to capture the
complex flow phenomena in the pre-swirl system. The passive tracer method
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effectively simulates mainstream ingestion, which is critical for accurately pre-
dicting sealing efficiency and thermal performance. The study demonstrates
that inlet pre-swirl significantly influences the flow structure and heat transfer
characteristics within the cavity, with higher pre-swirl ratios generally enhanc-
ing sealing effectiveness.
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