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Absorption chiller technology as an integral part of 
a Micro BCHP system

� BCHP -Building Cooling, Heating, and Power system
� Micro scale BCHP - Power generation capacity less than 15kW

Introduction
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Research objectives

� The establishment of an experimental environment and 
proceduresfor absorption chiller tests under various 
conditions.

� The conduct of a comprehensive testing programon a 
microscale absorption chiller.

� The construction of a comprehensive chiller modelbased 
on the pertinent scientific and engineering principles 

� The analysis of the measured data, refinement of the 
model, and improvement of the chiller design.

� The preparation for future chiller design modifications, 
system design, evaluation, and integration.

Introduction
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Steam system

Absorption chiller

Test load system

The absorption chiller and auxiliary system installed in IW

Design, engineering, and installation
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The test program
Test programs and experimental data

� Vary five operating parameters individually
� chilled water return temperature (cooling load)
� chilled water flow rate
� cooling water supply temperature
� cooling water flow rate
� steam pressure

h   – enthalpy

m  – flow rate

Cp – heat capacity of water

T   – temperature

.
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Chiller performance under various load conditions

Test programs and experimental data
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The chiller performance model

Computational performance model

The model includes
� 5 major heat transfer components

� the evaporator

� the absorber
� the high temperature regenerator

� low temperature regenerator 
� the condenser

� 4 minor heat exchanger components
� high temperature heat exchanger 

� low temperature heat exchanger 
� steam heat recovery exchanger 

� by-pass heat exchanger

� Other associated components include:
� cooling tower
� pumps
� spray nozzles and valves

Schematic diagram
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Steam supply
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The chiller performance model
� The model is based on 

fundamental scientific and 
engineering principles 
� mass and energy 

balances
� thermodynamic property 

relations
� thermal and phase 

equilibrium relations
� heat and mass transport 

coefficient correlations

� The model is a steady-state 
model programmed in the 
Engineer Equation Solver 
(EES)

� The basic model has:
� 409 equations
� 416 variables                

(7 variables as inputs:    
5 inputs, 2 primary 
measurements)

Computational performance model

Refrigerant

Solution

Equilibrium state 

Saturated liquid 

Saturated vapor
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The discrepancies between the measurements and the 
model solutions due to inaccurate measurements

� Temperature sensors mounted on the 
external pipe surface

� fluctuating measurements of steam 
flow due to periodic feedwater
addition to the boiler

� cooling water flow measurements due 
to space limitations in mounting the 
flow sensor

Model based data analysis
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Model based data analysis

q24
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The quality of the refrigerant leaving LTRG (q24): 

0 � a linear relation with the differential pressure.

The findings could be used not only to validate the performance model, but also to improve the equipment design.
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The deviations between model and measurements
Model based data analysis
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Future research area - the extended absorption chiller models

Natural gas driven Exhausted gas drivenSteam driven Hot water driven

Contributions and areas of future research



Sept. 28, 2006 Center for Building Performance and Diagnostics, Carnegie Mellon University Page 15

Future research area - System Integration and other applications

Integration of the chiller performance and cost models into overall 
simulations of microscale BCHP systems to optimize overall system 
performance and operating strategies

� A cost model including capital cost, operational cost, and 
maintenance costcan be integrated with building load simulation 
tools to evaluate absorption chiller economic performance under 
various types of buildings and weather conditions.

� A guideline for applying the microscale absorption chiller in 
buildings can be proposed on the basis of the simulation results of the 
economical evaluation model.

� As a simulation tool, the model should provide a graphic user 
interface (GUI) and standard output sheets that can assist the system 
designers in implanting BCHP system design and evaluation.

Contributions and areas of future research


