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A B S T R A C T

Three refrigeration systems applied to a lubricant dewaxing process were analysed and com-

pared: existing mechanical vapour compression and proposed ammonia/water and ammonia/

lithium nitrate absorption refrigeration. The absorption systems offer higher thermal

efficiencies using cheaper, lower pressure steam. The ammonia/lithium nitrate system has

the capacity to provide the highest efficiency option at the cost of a higher investment due

to its adverse transport properties: high viscosities. The ammonia/water system is a tried

and tested technology whereas the ammonia/lithium nitrate has been demonstrated, but

to the authors’ knowledge, not used in an industrial scale system.
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1. Introduction

The refining of lubricant oils is a significant consumer of re-
frigeration services in a refinery when dewaxing is achieved
through thermally driven crystallization.These services are typi-
cally provided using an axial compressor with multiple inlet
flows at a series of pressures corresponding to the various op-
erating temperatures of the dewaxing process. Such a
compressor has limited flexibility in the ratios of refrigerant
flow at the differing inlet pressures.These systems must have
a refrigerant recycle circuits to allow vapour flow to the com-
pressor inlet to balance flow rates and ratios especially at
startup. They are usually driven by a steam turbine using su-
perheated medium pressure steam. An alternative would be
the use of an absorption refrigeration unit which could offer
lower energy and operating costs by using low pressure steam
(frequently more readily available in a refinery and much
cheaper than medium pressure superheated steam), using fewer
large rotating machines, lowering maintenance require-
ments, providing higher availability and much greater
operational flexibility.

As an example, a refrigerant train in a central Mexican oil
refinery was considered. An old lubricant dewaxing system
based on mechanical vapour compression refrigeration was in
operation at the time of writing. Historical design data were

Nomenclature

Cp specific heat capacity, [J kg−1 K−1]
Di internal diameter, [m]
G mass velocity, [kg s−1 m2]
hi interior heat transfer coefficient,

[W m−2 K−1]
ho exterior heat transfer coefficient,

[W m−2 K−1]
kb thermal conductivity, [W m−1 K−1]
Nnu nusselt number
X mass concentration of refrigerant

Greek symbols
μb bulk dynamic viscosity, [N s m−2]
μw wall dynamic viscosity, [N s m−2]

Subscripts
Weak solution solution with a low refrigerant

concentration
Strong solution solution with a high refrigerant

concentration
NH3/LiNO3 ammonia/lithium nitrate
NH3/H2O ammonia/water
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Fig. 1 – Mechanical vapour compression refrigeration system.
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