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Nomenclature UA overall heat conductance of a dynamic model
. [kW °C™Y]
A real system state parameter matrix ; . 3 .1
~ . . \% volumetric flow rate [m> s™7]
A dynamic model state parameter matrix .
. . X state variable vector
B real system input parameter matrix ~
= . . . X state observer vector
B dynamic model input parameter matrix
q y output vector
(¢ output parameter matrix
Y specific heat capacity [k] kg™* °C™] Greek symbols
dp diameter of valve port [m] 0 ratio of valve opening to its maximum [—]
e error, deviation p density kg m 2]
H state observer feedback gain matrix T time constant [s]
h,h enthalpy [kJ kg™ ] v non-dimensional function [—]
m mass flow rate kg s~ .
. . . R Subscripts
MC heat capacity of indoor unit (real system) [k] °C™"] .
MC heat capacity of indoor unit (dynamic model) ar
K °C1] condenser
cl closed loop
D pressure [kPa] rurated liquid
Q heat [kKW] f saturated liqui
S error variance [°C?| ! n
0 out
T temperature [°C] 1 1
t time [s] © open foop
. r refrigerant
u input
UA overall heat conductance of a real system
[kW °C™Y
1. Introduction most used because most HVAC systems are not heavily

Multi-split VRF (variable refrigerant flow) systems use one
external unit that is connected to several indoor units. Multi-
split systems are popular because they require less outdoor
plant space than conventional central air conditioning sys-
tems, are less disruptive in fitting to existing buildings
(particularly when occupied), and are able to cool and heat
through common pipework. These systems all use refrigerant
as the cooling/heating medium rather than chilled water/hot
water, which is used in conventional hydraulic systems
circulated by pumps. Because of their reduced space require-
ment and their flexible installation, multi-split systems can be
quickly used to replace air conditioning systems in small- and
medium-sized buildings.

As multi-split systems become one of the essential com-
ponents in HVAC (heating, ventilating and air-conditioning)
systems of buildings, it is necessary to develop an FDD (fault
detection and diagnosis) algorithm of the system for auto-
mated building management. The market of automated
building management is growing, and its success depends
primarily on reliable FDD tools because they have a potential
to serve in the information industry for energy savings and
automated management.

The FDD algorithm should be able to monitor “soft faults”
that do not require emergency stops so that timely remedial
actions can prevent energy leaks and associated discomforts.
Three general FDD approaches have been proposed (Li and
Braun, 2007), namely model-based, data-driven and
knowledge-based approaches (Chen and Lan, 2009; Cui and
Wang, 2005; Zhao et al., 2012; Yang et al., 2013; Hou et al.,,
2006). Among them, model-based approaches have been

instrumented and can be manageably modeled (Piacentino
and Talamo, 2013).

1.1. Model-based approach

A modelis constructed on first principles, which are based on
mass and energy conservation laws, and predicts perfor-
mance at normal conditions. An essential advantage of using
a model is that it does not require an exhaustively large
amount of training data over the full spectrum of operation
regions. However, the accuracy of model predictions is a
critical issue that limits its usefulness. In general, steady-
state models are used to impose the physical constraints of
the FDD algorithm. For dynamic models, state observers and
Kalman filters are used (Isermann, 2006; Navarro-Esbria
et al., 2006).

1.2. Data-driven approach

Data-driven techniques assume that a system is a black box,
where system characteristics are identified through associ-
ated sensor measurements. The number of sensors to be
monitored can be reduced by applying first principles to the
system. The most popular techniques are control chart
(RamMaurya et al., 2010) and PCA (principal component
analysis) (Wang and Xiao, 2004).

Control charts, also known as Shewhart charts or process-
behavior charts, in statistical process control are tools used to
determine if a manufacturing or business process is in a state of
statistical control. PCA is a mathematical procedure that uses
an orthogonal transformation to convert a set of observations
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