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Abstract

Objective  Multi-zone absorption heat exchanger (AHE) units integrate multiple AHE modules sharing a primary water circuit while
serving independent secondary heating zones, thereby combining large-temperature-difference heat transfer with zone-specific heating.
However, field operating data and an understanding of zone regulation characteristics remain scarce. This study aims to experimentally
investigate the operational performance and independent zone regulation capability of dual-zone AHE units in actual district heating

projects.

Methods Field tests were conducted on two dual-zone AHE units serving two residential districts (Community A and Community B) in
a cily in Shanxi Province, China, during the 2025-2026 heating season. Both units use lithium bromide-water (LiBr-H,0) solution as
the working pair, with design primary network temperatures of 105/20 “C and secondary network temperatures of 47/37 “C. The rated
heating capacities are 16 200 kW for Community A (model AHE162) and 10 800 kW for Community B (model AHE108). Temperatures
at 18 measurement points covering the inlets and outlets of all generators, condensers, evaporators, absorbers, and plate heat exchangers
(PHEs) were continuously recorded at 5-min intervals using temperature loggers with an accuracy of +0. 2 °C from January 23 to April 1,
2026. Two flow measurement campaigns were performed using clamp-on ultrasonic flow meters with an accuracy of +0.5%. The
coefficient of performance (COP) of each absorption stage and the overall unit effectiveness were evaluated, and a heat balance check
was conducted. A temperature-heat flow (T-Q) diagram was constructed for the Community B unit, and the zone regulation

characteristics in terms of temperature and load independence were analyzed.

Results and Discussions Throughout the test period, the primary supply temperature ranged from 55 to 95 “C, substantially below the

design value of 105 “C. Nevertheless, both units achieved deep cooling of primary water to 20 —25 °C, while secondary supply
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temperatures remained stable at 35-42 °C, satisfying space heating demands. The overall effectiveness values were 1. 33 for Community
A and 1. 36 for Community B, and the COP ranged from 0. 6 to 0. 8, comparable to reported values for conventional dual-stage AHEs
(effectiveness of 1. 2—1.43). The heat balance discrepancy was 13. 12% for Community B, within the +15% acceptance threshold, and
23.84% for Community A, which was attributed to large primary water temperature fluctuations during testing. For Community B, the
low-zone COP (0.79) was notably higher than the high-zone COP (0. 62). This was explained by the smaller log mean temperature
difference (LMTD) of the low-zone solution heat exchanger (2. 89 K versus 4. 77 K) , indicating more effective internal heat recovery that
brought the dilute solution closer to saturation before entering the generator. The T-Q diagram revealed nearly parallel temperature
profiles and small vertical gaps between hot and cold streams in the generator and absorber, indicating uniform heat transfer temperature
differences, good thermal matching, and low entransy dissipation. Regarding zone regulation, the mean temperature difference between
the high- and low-zone secondary returns was 2. 01 “C, whereas that between the secondary supplies was only 0. 36 °C, demonstrating
that the two zones maintained nearly identical supply temperatures despite different return conditions. The zone heat loads could be
independently adjusted: at Community A the high- and low-zone heat duties were similar (598 kW versus 589 kW), while at Community
B they differed substantially (508 kW versus 852 kW, approximately 68% higher in the low zone) , with the low-zone PHE carrying

proportionally more primary flow (16. 18 t/h versus 5. 98 t/h) , confirming adaptive load allocation between zones.

Conclusions The dual-zone AHE units maintained high effectiveness and COP under off-design conditions with primary supply
temperatures well below the design value, achieving deep primary cooling comparable to conventional single-zone AHEs while

simultaneously satisfying the heating demands of two independent zones. The two zones exhibited independent temperature and load

regulation, confirming the feasibility and operational flexibility of multi-zone AHE technology for high-rise building district heating.

Keywords absorption heat exchanger; multi-zone heating; field test; operational performance; regulation characteristics
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unit system
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Tab.1 Main design parameters of the two dual-zone

absorption heat exchanger units
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