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Development and Performance Evaluation of a Multi-stage Orifice Balancer
for Mitigating Flow Imbalance in Residential Heating Systems

Co):l *

Ho
rio

Young-Won Yun*

Abstract

This study aims to develop a Balancer, a compact flow-balancing device designed to be inserted between

heating manifolds and coils, to achieve hydraulic equilibrium in residential heating systems without structural

modifications. The Balancer was engineered using multi-stage orifice flow equations, featuring a simplified

structure that alternates between single-hole and multi-hole orifices to provide precise flow control. To verify

its effectiveness, experiments were conducted using a 4-port manifold connected to heating coils of

significantly different lengths (70 m and 7 m), measuring flow distribution uniformity and pressure drop under

various flow conditions. Experimental results showed that without the Balancer, the relative flow distribution

error reached up to 26% due to the resistance imbalance caused by differing coil lengths. However, with the

Balancer installed, this error was significantly reduced to within +3% range. This confirms that creating a

device-induced pressure drop greater than the coil’s inherent resistance effectively minimizes the impact of coil

length variations on the overall system.

Keywords: Flow Distribution Uniformity, Balancer, Multi-Stage Orifices, Water Distribution Manifolds, Hydraulic
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Fig. 1. Balancer for Flow Uniformity
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Table 1. Specification of the Experimental Apparatus

Nomenclature Model Specifications
Water Header 4 Zone Man Pipe: 25 A / Branch Pipe: 15 A
Pump HG-915-6500 Max. 108 L/min / Max. Head: 4.5~5.0 m
Pressure Transmitter P116 +1.0% F.S. / Max. 1.0 MPa/ 4~20 mA
Pressure Gauge 7ADF1044 +1.5%F.S./ @50 mm /< Max. 60°C
Flow Sensor WFK2-020 +2.5%F.S. /Max. 1.0 MPa / 4~20 mA
DAQ Board cDAQ-9171 24-bit resolution / 8 Channel
Reservoir W1.8xL2x1.5m Self-Made
Table 2. Pump Performance Test Results
Power [W] Flow rate [10™*xm?/s] Head [m]
13 1.33864 1.439
19 1.452 1.737
25 1.66338 2.036
31 1.77626 2.266
37 1.87511 2.524
43 2.00279 2.711
49 2.1313 2.889
55 2.20874 3.069
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Fig. 2. Experimental Apparatus
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Fig. 3. Pressure Drop vs Flow Rate of Calibrating
Orifice Diameter & 7 mm
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Fig. 4. Pressur Drop vs Flow Rate of Calibrating
Orifice Diameter 6 mm
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Fig. 5. Pressure Drop vs Flow Rate of Calibrating
Orifice Diameter & 8 mm
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Table 3. Experimental Results without the Balancer
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Fig. 11. Experimental Results without the Balancer
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Flow Rate [10™*xm?/s]

Pressure Drop [Pa] Relative Error [ = %]

Q. Q,, of#1  Q,, of #4 Ap,,, #1 #4
Fig. 11(a) 1.24 0.48 0.77 - 23 23
Fig. 11(b) 1.68 0.62 1.00 18,574 82 194
Fig. 11(c) 2.00 0.78 1.20 22,313 21 20
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Table 4. Experimental Results with the Balancer

Flow Rate [10™*xm?/s] Pressure Drop [Pa] Relative Error [ = %]
Q. Qg of #1 Qg of #4 AP, #1 #4
Fig. 12(a) 1.02 0.496 0.528 16,451 2.75 3.53
Fig. 12(b) 1.23 0.598 0.636 26,511 2.76 3.42
Fig. 12(c) 2.38 0.671 0.713 35,114 2.75 3.33
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