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ABSTRACT

Mechanical vapor recompression (MVR) is a system designed to recycle low-temperature, low-pressure waste heat generated
during production processes by heating and pressurizing steam using a compressor. A key component of the MVR system is
the turbocompressor, a type of compressible turbomachines. Centrifugal compressors are notable for their vertical inlet and outlet
passages. This configuration can introduce several potential sources of loss, one of which is backflow in vaneless diffusers. Such
backflow can adversely affect both the pressure loss coefficient and the static pressure recovery coefficient, which serve as
important performance indicators for the diffuser. This study aims to enhance the efficiency of an MVR system that utilizes
a centrifugal compressor by optimizing the design of the vaneless diffuser. Two design factors related to the pinch width and
pinch radius of a vaneless diffuser have been introduced. An optimized design was implemented to enhance the performance
coefficients of the diffuser. As a result, the total pressure loss coefficient and static pressure recovery coefficient were improved.
The optimal design of a vaneless diffuser provides the effective suppression of the flow separation and friction loss. Therefore,

the compressor’s isentropic efficiency and total-total pressure ratio showed improvement at overall flow rates.

Nomenclature u Impeller wheel velocity [m/s]
c Absolute flow velocity [m/s]
n Rotational speed [RPM, rad/s] r Radial coordinate, Radius [mm]
m’ Mass flow rate [kg/h] b Meridional width [mm]
® Volumetric flow rate [m®/s] rpinr Pinch radius ratio [—]
PR Pressure ratio [—] bpinr Pinch width ratio [—]
Y Enthalpy rise [J/kg] J) Pressure [kPa]

1 Specific speed (Type number) [—] T Temperature [°C]
1) Flow coefficient [—], Solution to be tested in GCI H Enthalpy [kJ/kg]
Yo}

v Head coefficient [—] Density [kg/m’]
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¢ Total pressure loss coefficient [—]

G Static pressure recovery coefficient [—]

N Number of elements [—]

X Coded design variable [—]

v Output value [—]

GCI  Grid Convergence Index [—]

C Asymptotic range of convergence [—]
Subscript

0 Upstream, Inlet

1 Impeller inlet

P Impeller exit, Diffuser inlet

4 Diffuser exit

pin Pinch

ex Outlet

d Design point

s Stage

" Total

t Total—to—total

is Isentropic

pro Baseline

opt Optimized
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Fig. 2 The flow chart of the optimization process,
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Table 1 The design specification for the MVR turbo—compressor

Design point Upstream condition
Rotational speed [RPM] | 65,000 | Total pressure [kPa] | 198.674
Mass flow rate [kg/h] 500 | Total temperature [°C] | 125.000
Total pressure ratio [-] | 1.866 Working fluid Water

Global design parameters
Specific speed [-] 0.37
Flow coefficient [-] 0.016
Head coefficient [-] 1.025
Number of blades 7 Main + 7 Splitters

Fig. 3 The baseline model of the MVR compressor
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Table 2 Design of experiments

Runs X X2 rpinr bpinr
1 -1 0 0.100 0.400
2 -112% -12% 0.203 0.259
3 -12%° 12% 0.203 0.541
4 0 -1 0.450 0.200
5 0 0 0.450 0.400
6 0 1 0.450 0.600
7 12 -12% 0.697 0.259
8 12 12% 0.697 0.541
9 1 0 0.800 0.400
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Table 3 The result of the Grid Convergence Index,

Number of grids
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Quantity ¢ G
Solution of the fine grid ¢ 0.399122 0.484266
Solution of the test grid @ 0.399147 0.483739
Solution of the coarse grid ¢; 0.401028 0.482099
GCljiee”™ 1.120E-06 | 6.660E-04
GClegurse” 7.941E-05 | 2.028E-03
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