
ary coolant that circulates through the cases. The glycol fluid 
that serves as the coolant in the system absorbs heat through 
the secondary heat exchangers, which raises its temperature but 
does not cause it to boil. 

The differences between the two approaches can be best 
understood by closely looking at how the two types of systems 
operate. 

DX System Operation
A traditional supermarket DX system (Fig.1) is made up of 

four main basic components; compressors, condensers, expan-
sion valves, and evaporators. As already noted, the DX refrigera-
tion process relies on the refrigerant in the system changing 
back and forth between a liquid and a gas. The process is cycli-
cal, but for purposes of discussion, the change in state can be 
said to initially occur at the evaporators in the display cases 
and other fixtures connected to the system. Heat absorbed by 
the refrigerant results in a pressure change that causes the 
compressors to begin pulling refrigerant vapor from the suction 
lines. The refrigerant at this point is in a vapor state because 
of the temperature difference it encounters as relatively warm 
air flows across the evaporator coils. This start of the process is 
referred to as the system calling for refrigeration.

The refrigerant flows from the compressors into the con-
denser as a high-pressure superheated vapor. Relatively cooler 
air passing 
through the con-
denser removes 
heat from the 
refrigerant, chang-
ing the state of 
the refrigerant 
into a saturated 
mixture of liquid 
and vapor. 

From the con-
denser, the re-
frigerant in most 
traditional sys-
tems moves into 
a receiver which works as a reservoir. Liquid refrigerant flows 
from the receiver into an expansion valve that meters the flow 
of refrigerant from the high-pressure, high-temperature side of 
the system to the low-pressure, lower-temperature side.

After leaving the expansion valve, the refrigerant returns to 

The differences between the two approaches can best be understood  
by looking at how the systems operate. 

D
irect expansion (DX) and secondary loop (SN) 
systems are two approaches to medium tempera-
ture supermarket refrigeration that have become 
established in the marketplace. direct expansion 
has been around a long time, and secondary loop 

systems have been in use for more than a decade.
A major difference between the two types of systems is in 

the amount of refrigerant they use. SN systems generally re-
quire half as much refrigerant as comparable DX systems. Due 
to environmental concerns and regulatory pressures, the num-
ber of SN systems being installed is continuing to increase.

Basic Differences
In comparing the two approaches, some basic differences 

stand out. DX relies on the refrigerant undergoing a change of 
state from a liquid to a vapor as it moves through the evapora-
tor. The liquid refrigerant entering the evaporator boils as it 
absorbs heat from the air in the case flowing over the coil. 

In SN refrigeration there’s no change in state of the second-

    b y  b i l l  k a t z  &  r u s t y  w a l k e r

A secondary pump  
station. Behind it is a 

primary DX rack.  

Fig. 1 – Diagram of a direct expansion (DX) 
operation.
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• Lower piping pressures: 20- to 60-psi (SN) vs. 55- to 280-psi (DX) 
• Fully-flooded heat exchangers (SN) vs. traditional evaporators 
that increase efficiency and improve product integrity (DX)
• Balance valves (SN) vs. thermal expansion valves (DX), reduc-
ing maintenance requirements and troubleshooting procedures.

In the machine room, besides the pumps and associated 
equipment, the differences include:
• The only TXVs in the entire system are for the chiller (SN) vs. 
50 or more in a DX system 
• Significantly less charge (from 600 to 900 pounds per rack for 
SN systems vs. 1500 to 2000 pounds per rack for DX systems).

Overall differences between the two types of systems include:
• Reduced installation costs for SN systems, due to reduced  
copper and refrigerant, among other factors 
• No TXVs or brazed joints (in the store) are used in SN  
systems, which provides more precise capacity control and 
eliminates a major source of potential leaks
• Neither nitrogen nor any line evacuation is required during 
installation of an SN system
• Refrigerant plus glycol coolant in SN costs less than refriger-
ant alone for typical DX
• SN systems require lower maintenance, which in a conserva-
tive estimate saves thousands of dollars annually.

Although direct expansion has been the mainstay of the indus-
try, many contractors are becoming more comfortable working 
with secondary. For this reason, and others mentioned in this 
article, this trend is expected to continue.  

Bill Katz is a technical writer and course developer for 
the Hill PHOENIX Learning Center. He has written and 
developed training for the refrigeration and information 
technology industries. He can be reached at bill.katz@
hillphoenix.com.

Rusty Walker is an instructor for the Hill PHOENIX Learn-
ing Center. Prior to that, he was R&D laboratory manager 
at Hill PHOENIX. He’s worked as a refrigeration service 
technician and other positions in the HVACR industry 
over the past 20 years. He can be reached at rusty.walker@
hillphoenix.com.

the evaporator where the process began. Here, the liquid refrig-
erant absorbs heat causing it to boil, or change state, back into 
a vapor. Once the refrigerant is entirely vapor, additional heat 
from the evaporator superheats the refrigerant. 

The superheated vapor returns to the compressors as the 
process starts over when the system calls for refrigeration. 

Taking R-404A refrigerant as a hypothetical example, the ap-
proximate pressures, temperatures and state of the refrigerant 
at various points in a basic system are shown in this chart:

Secondary System Operation
The secondary system is made up of two sub-systems; the 

primary DX side and the secondary SN side. (Figure 2 depicts 
the layout of the two systems working in unison.) The second-
ary system adds to the DX process by incorporating a hydronic, 
or fluid-circulating, process that moves the evaporation point 
from the display cases and other fixtures to a close-coupled 
chiller mounted on, or near, the DX system. The secondary 
coolant absorbs heat but doesn’t change state as it circulates 
through finned-tube, fully-flooded heat exchangers located at 
the cases and other fixtures. Heat absorbed by the coolant is 
then transferred to the primary side of the system through the 
chiller, which serves as the evaporator for the DX side.

Heat exchangers in the system are connected through a 
closed-loop fluid piping system instead of a circuited piping sys-
tem often found in DX systems. Although a pressure difference 
created by the pumps is responsible for circulating the coolant, 
secondary systems typically operate at no higher than the 60 
psi of pressure supplied by the pump. Thus, either water-grade 
Type-M copper, or engineered plastic piping can be used. 

Case temperature is determined by the flow rate and tem-
perature of the fluid circulating through the heat exchanger. 
No TXVs are in the case. The primary side determines side the 
temperature of the fluid. The overall flow rate for the system is 
determined by the size and number of pumps that are running. 
The pumps can also be more efficiently controlled by the use of 
variable speed drives.

Comparison of the Systems
Since both types of systems, to some extent, use DX refrig-

eration, most of the notable differences between them have to 
do with the portions of the systems located out in the store. 
These differences include:
• Loop (SN) vs. circuited piping (DX)
• Water-grade engineered plastic and M-copper (SN) vs. 
L-copper piping material (DX), which reduces installation costs 

Fig. 2 –  
Diagram of  
a secondary  
system with 
DX primary 
section above 
and SN  
secondary  
loop below.

PRESSURE TEMP. F STATE

Compressor discharge / 
condensor in 203 psi 180 vapor

Condensor out 203 psi 90 saturated
Receiver 203 psi 90 saturated
TXV in 203 psi 90 liquid
TXV out / evaporator in 55 psi 20 saturated

Evaporator out 55 psi 30 vapor

Compressor in 55 psi 30+ vapor




