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Testing corrosion inhibiting, engine coolant

concentrate (‘antifreeze’)

Part 2. Methods of test for corrosion inhibition performance

Section 2.3 Recirculating rig test

Essais du liquide de refroidissement anti-rouille du moteur (antigel)
Partie 2. Méthodes d’essai du rendement d’inhibition de la corrosion

Section 2.3 Essai sur banc de recirculation

. Priifung von korrosionshemmendem Kiihimittelkonzentrat fiir Motoren (Frostschutzmittel)
Teil 2. Verfahren zur Priifung der korrosionshemmenden Wirkung

Abschnitt 2.3 Priifungen in der Umlaufanlage

NQTE. It is recommended that this Section be read in conjunction with the information given in the ‘General introduction’ published

separately as BS 5117 : Part 0.
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0 Introduction

The test is intended to simulate the conditions to which a
coolant would be subjected in the waterways of an actual
engine. Despite the wide variation in engine design and
operating conditions, it is desirable that only one standard
rig test should be specified. The method described has
therefore been designed to reproduce those service
conditions currently thought to be the most demanding
of any coolant.

1 Scope

This Section of BS 5117 describes a method (the ‘recircu-
lating rig test’} for testing the corrosion inhibition properties
of solutions of engine coolant concentrate using a test rig
designed to reproduce as closely as possible the typical
conditions to which a coolant may be exposed in service.

[t is a onger term test than the glassware test described in
BS 5117 : Section 2.2. Comments on the choice of test
conditions are given in appendix B of BS 5117 : Part 0 :
1985.

NOTE 1. The engine coolant concentrate is referred to hereafter
as ‘the product’.

NOTE 2. The titles of the publications referred to in this standard
are listed on the inside back page.

2 Principle

A hot, aerated, aqueous solution of the product is circulated
in a rig constructed of materials typical of those present

in the cooling system of an engine. The corrosion inhibit-
ing properties of the solution are evaluated from the mass
losses incurred by metal specimens and the appearance of
the rig components at the end of a 42 day test.

3 Apparatus

3.1 General description®

The general layout of the apparatus is shown in figure 1.
Dimensioned drawings of components are given in figures
2 and 3.

The rig consists essentially of a reservoir (see figure 2(b)),

a head tank (see figure 2(f)), a pump and connecting pipe-
work. The test solution is heated by two electric cartridge
heaters inserted into sheaths (see figure 2(d)) in the
reservoir and its temperature is controlied thermostatically.
Cooling is effected by a cold finger (see figure 2(h}} in the
head tank. The solution is aerated by an air inlet equipped
with a relief valve, in the head tank. Metal test specimens

(see clause 5) are placed in the pipework and in the
reservoir.

3.2 Reservoir, comprising a machined cast iron

(grade 260, complying with BS 1452) flanged cylinder
with an inlet pipe in its base. It is sealed at the top by a
brass (grade CZ 106, complying with BS 2875, cut from
soft, half-hard or hard plate) lid (see figure 2(c)), bolted
to the flange and seated on a rubber gasket or O-ring.

The exit pipe, a thermostat bulb (see 3.7) and two electric
cartridge heaters (see 3.6) in machined aluminium alloy (type
LM6, complying with BS 1490) sheaths (see figure 2(d))
are fitted into the lid. Suitable thermocouples are
mounted in each heater sheath.

3.3 Head tank, (see figure 2{f)) comprising a brass

{grade SCB 4, complying with BS 1400} flanged cylinder
fitted with a brass {grade CZ 106, complying with

BS 2870, cut from half-hard plate) lid (see figure 2{g}),
bolted to the flange and seated on a rubber gasket or
O-ring. The liquid inlet is a sidearm and the exit a tube

in the base. A flowmeter is fitted between the hose
specimen holder and the brass head tank. The lid is fitted
with an air-inlet line, a relief valve, a pressure gauge and

a water-cooled copper cold finger (see figure 2(h}) extend-
ing 140 mm below the underside of the lid. The air line

is equipped with a non-return valve and a flowmeter.
NOTE 1. It is essential that the air used is clean air, for example
from a cylinder of compressed air.

A spiral of solder (grade J, complying with BS 219}, wound
from a sheet 1250 mm long, 80 mm wide and 0.75 mm
thick, and mounted on a cruciform support stand made of
polytetrafluoroethylene (PTFE)} {(see figure 2(r)), is placed
inside the head tank.

NOTE 2. The soider spiral may be effectively formed by rolling the
solder sheet, placed on top of a rubber sheet of similar dimensions,

around a cold finger. The rubber sheet is then carefully removed,
leaving the solder sheet coiled as required.

3.4 Pump, glandless, centrifugal, of bronze construction,
having a corrosion resistant rotor (e.g. made of cast iron,
coated with a suitable resin, or of stainless steel) and
capable of delivering 10 = 1 L/min at 95 °C.

3.5 Pipework, made of heat-resistant and pressure-resistant
rubber, silicone rubber or plastics. A flow indicator may

be inserted horizontally in the pipework below the pump.
The section of pipework above the reservoir is of wide bore
rubber, silicone rubber or plastics tubing so as to permit
installation of metal test specimens (see 4.1). A drain cock
is fitted to a brass (grade CZ 105, complying with BS 2870)
drain point bend {see figure 2(n}) at the lowest point of
the rig.

NOTE. To prevent leaks, a short section of hose may be replaced
by a ball and socket joint and elbow, made of stainless steel.

A suitable joint and examples of its application are shown in
figures 2(s) and 2(t).

Lo .

*Eor information on the availability of components of the apparatus, apply to Enquiry Section {London), British Standards Dﬁﬁl}l ments
Linford Wood, Milton Keynes, MiK14 6LE, enclosing a stamped addressed envelope for reply.

2


http://www.avadocuments.com/doc/bs-5117-2-2-3-1985
http://www.avadocuments.com/doc/bs-5117-2-2-3-1985

e——

BSI BS%5117 PTE

3.6 Heating

3.6.1 Two cartridge heaters, each of 1 kW capacity, 16 mm
in diameter and 72 mm to 75 mm long. One of the heaters
is to run continuously while the other operates intermit-
tently, under thermostatic control, so as to maintain a
steady solution temperature.

3.6.2 Two heater sheaths, of aluminium alloy (type LM6,
complying with BS 1490). Each heater is inserted into a
heater sheath. To measure the effect on heat flow of
deposits formed on the heater sheaths (see 6.3) a thermo-
couple may be fitted into the drilled hole of the sheath so
that it extends to the bottom of the hole, dipping into a
small quantity of silicone fluid.

NOTE. It is advisable that heater sheaths be carefully stamped for
identification purposes.

3.7 Thermostat, indicator/controller, capable of measuring
up to 120 °C and controlling to + 1 °C. It is a contact
which, when coupled to a relay, permits all electrical
equipment to be switched off automatically in the event

of a temperature rise of 5 °C above the normal operating
temperature (see appendix A for a suggested electrical
circuit).

4 Metal test specimens

4.1 Specimens
As described in 3.1 of BS5117 : Section 2.1 : 1985,

4.2 Preparation of specimens

Prepare the metal test specimens as described in 3.2 of
BS 5117 : Section 2.1 : 1985, Clean the solder sheet by
scrubbing with a soft bristle brush and water. After form-
ing, degrease the spiral by immersing it in acetone, dry it
in air and place it in a desiccator to await rig assembly.

4.3 Assembly of specimens

Assemble the specimens as described in 3.3 0f BS5117 :
Section 2.1 : 1985 except for the brass ‘legs’. Place two
assemblies in the reservoir and four in the section of pipe-
work above the reservoir. The location of these two sets
of assemblies supported by mounting plates of an inert
non-conducting material is shown in figure 3.

5 Sampling of the product and preparation
of test solution

5.1 Sampling

Sample the product as described in clause 2 of
BS 5117 : Section 2,1 : 1985.

5.2 Preparation of test solution

Prepare the test solution by diluting a volume of the
sample with three times that volume of the standard water
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prepared as described in clause 6 of BS 5117 : Section 2.1 :
1985.

NOTE. If tests are made using other éoncentrations, or water to
another specification, this should be stated in the test report.

5.3 Measurement of density of the test solution

Measure the density of the test solution at 20 °C by the
method described in 3.4 of BS5117 : Section 1.1 : 1985.

6 Procedure

6.1 Assemble the apparatus as shown in figure 1. Ensure
that the rubber, silicone rubber or plastics tubing is new.
Prepare the inside surfaces of the metal components as
described in appendix B. Use new heater sheaths for each
standard run; check each sheath before use for uniformity
of surface finish and freedom from major porosity faults
and any but very minor pits and blemishes. Prepare new
sheaths in accordance with appendix B. Weigh the sheaths.
Before inserting the heaters in their sheaths, place sufficient
of a heat transfer fluid, for example a high boiling silicone
fluid, in the sheaths to fill the space between sheath wall
and heater. Introduce sufficient test solution into the rig
to just cover the solder spiral by about 10 mm depth.
Approximately 3 L of test solution should be required.
NOTE. The following practical considerations should be borne
in mind.

(a) The wide bore rubber, silicone rubber or plastics tubing (4.5)

may be effectively fastened by means of four hose clips, two at

each end. It is also advisable, as a safety precaution against the

consequences of rupture of this tubing, to wrap it in thin brass
sheet, the latter being held in position with additional hose clips.

(b} Screw-threaded joints may be effectively sealed with PTFE
tape complying with the requirements of BS 4375. Sealing
compounds should not be used for this purpose.

(c) It is essential that gaskets and O-rings should be correctly
fitted. As necessary, two small O-rings or one large O-ring may
be used.

(d) Prior to charging the assembled rig with the test solution,
it is advisable to locate and eliminate leaks by testing under
pressure. This may be done by applying air at the rig operating
pressure and checking all joints by external application of
soapy water. In general, very small leaks disappear when the
rig is running at operational temperature; if any leakage occurs,
it is usually worst during cooling.

6.2 Start the pump which has been set to deliver

10+ 1 L/min at 95 °C, set the aeration rate at

10 £ 0.5 mL/min (flowmeter calibrated at normal pressure)
and set the pressure at 70 + 7 kPa.

6.3 Switch on the heaters and allow the temperature of

‘the solution to rise rapidly to 95 * 2 °C. When this

temperature has been reached, turn on the cooling water
and maintain a rate such that the exit temperature of the
water from the cold finger does not exceed 35 °C with an
inlet-to-outlet temperature difference of 10+ 2 °C.

NOTE. Opportunity should be taken to measure the effect on heat
flow of deposits formed on the heater sheaths. Temperature

readings should be taken immediately the rig reaches operating
temperature, again 2 h later, and thereafter at least once daily.
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6.4 Continue the test for a total of 42 days, including
shut-down periods; a typical operating cycle is given in
appendix C. Start each shut-down period by simultaneously
switching off the heaters and pump; leave the cooling water
running continuousty throughout this period. When the rig
has cooled to ambient temperature, check the liquid level
in the head tank visually through the air inlet orifice. It is
recommended that this be done at every shut-down to
avoid excessive changes in liquid level which can lead to
variable vortex formation and hence to variation in the
amount of entrained air. If the liquid level has fallen, adjust
it to its original position by topping up with distilled water.
Leakage collected may be replaced, but on no account
should fresh test solution be added. The run shall be
deemed invalid if the total amount of topping up (exclud-
ing leakage collected and replaced) required to maintain the
volume at the initial level exceeds 500 mL.

The run shall be deemed invalid also if loss of operating
time, e.g. through power failure, exceeds 5 % of the normal
operating time. Losses totalling not more than 5 % may,
however, be made good by appropriate extension of the
run, ensuring that the balance of on and off periods is in
accordance with the operating cycle.

6.5 At the end of the run, drain the test solution, examine
it visually for the presence of deposits and measure its
density at 20 °C by the method described in 3.4 of

BS 5117 : Section 1.1 : 1985. Remove the specimen
-assembly for cleaning and weighing, dismantle the pump
for inspection and remove deposits before recalibration
and re-use.

6.6 Examine the freshly removed specimen assembly
visually and dismantle it immediately.

Wash the individual specimens in running tap water and
brush them with a moist bristle brush to remove loosely
held corrosion products.

If for any reason the specimens need to be temporarily
stored, rinse them first in water then in ethanol, dry and
place immediately in a desiccator. Complete the remainder
of the test at the earliest opportunity.

6.7 Remove the remaining corrosion products by chemical
cleaning, as described in 4.2 of BS 5117 : Section 2.1 :
1985. Then, lightly brush the specimens with a soft bristle
brush.

If a film remains, repeat the cleaning procedure. Finally,
rinse the specimens in water then in ethanol, before drying
and weighing to the nearest 1 mg.

6.8 Providing all the corrosion products have been removed
determine mass losses due to the cleaning operations used

SECx2.3 65 ® 1be2ybkk9 0160034 7 A

in 6.6 and 6.7 on three sets of untested specimens and
deduct the average values from the gross mass differences,
to obtain the corrected corrosion losses (see 4.4 of

BS 5117 : Section 2.1 : 1985).

6.9 If the procedures described in 6.6 and 6.7 fail to
remove all the corrosion products use the special procedure
described in clause 5 of BS 5117 : Section 2.1 : 1985.

6.10 Clean the heater sheaths as described in 6.6 and 6.7
and then weigh.

6.11 Examine the cleaned specimens and the cleaned
heater sheaths visually, paying particular attention to any
pitting corrosion, and record their appearance.

6.12 Dismantle the remainder of the apparatus. Examine
visually the metal components of the system, paying
particular attention to any deposits, and record their
appearance. Examine also the rubber or plastics pipework
and record its appearance.

7 Testreport

The test report shall include the following information:

(a) the identification of the product, and its composition

if known;

(b) the initial and final density at 20 °C of the test
solution and the amount of any topping up;

(c) for each metal, the corrected mass losses of individual
specimens and the average of the corrected mass losses
for the two specimens in the reservoir and the four
specimens in the pipework;

{d) the appearance of the specimens prior to cleaning;
{e) the appearance of the cleaned specimens, with parti-
cular reference to the presence of pitting;

(f) the mass changes and appearance of the heater
sheaths after cleaning;

(g} the appearance of the metal components of the
system, with particular reference to deposits, especially
any adhering to the cold finger;

{h) the appearance of the rubber or plastics pipework;
(j) the appearance of the test solution on completion of
the test, particularly details of any deposits;

(k) variations from the standard method, if any,

e.g. details of lost time incidents.

-
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Appendices

Appendix A. Electrical circuit for the
temperature controls of the recirculating rig

A suggested electrical circuit for the temperature controls
of the rig is shown in figure 4. The circuit provides:

(a) “fail safe’ operation of all temperature controllers;
(b) independent over-temperature protection.

Appendix B. Cleaning recirculating rig test
apparatus for re-use

When a 42 day test has been completed in the test rig it is
necessary to clean the components of the rig so that a clean
metal surface is presented to the next test solution. This is
to ensure that a whole range of test solutions can be tested
using the same metal surface condition. It is preferable that
fresh test specimens should be used for each test. However,
should this prove impracticable, clean the specimens by the
method described in clause 4 of BS 5117 : Section 2.1 :
1985 and then reprepare them by rubbing on grade P280
silicon carbide paper complying with the requirements of
BS 871, by the method described in 3.2 of BS 5117 :
Section 2.1 : 19856.

Full document details: BS 5117-2-2.3:1985
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Clean the inner surfaces of the head tank, the heater
sheaths and the reservoir by machining.

Machining can be done fairly simply by turning in a lathe
and it should be necessary to remove only a few hundredths
of a millimetre of metal. It is important to keep the amount
of metal removed to a minimum so that the life of these
components can be extended. Rub the machined surfaces
of the heater sheaths with grade P280 silicon carbide paper.

Clean the pump body and rotor by thorough washing and
brushing in water.

Use new hoses and tubes for each test. Wash the brass
thermostat probe and the brass and copper inlet and outlet
tubes free from corrosion products and debris, dry them
and clean them by rubbing with grade P280 silicon carbide
paper. Clean all other components and specimen holders
which have been in contact with the test solution to remove
the corrosion products by scrubbing; dry them and
re-assemble for use in the next test.

Remove hard water deposits on the internal surfaces of the
cold finger with dilute hydrochloric acid solution, all traces
of which shall then be removed by thorough rinsing with
water.

Do not clean any of the components by methods other
than those described in this appendix.
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Appendix C. Typical operating cycle for recirculating rig test

- =

BSI BS*5117 PT2 SEC*2.3 85 B lb24bb9 01L0O03: O mN o

C.1 A typical operating cycle for the recirculating rig test is given in table 1.

Table 1. Typical operating cycle for the recirculating rig test
Day Rig operation Rig shut-down
Period, Time Total Period, Time Total Total
24 h clock operating 24 h clock shut- test
time down time
h h h h h
Monday 10.00 to 15.00 b 5 15.00 to 24.00 9 9 5
14
Tuesday 15.00 to 24.00 9 14 00.00 to 15.00 | 15 24 29
38
Wednesday 00.00to 10.00 | 10 24 10.00 to 15.00 5 29 53
15.00 to 24.00 9 33 62
Thursday 00.00 to 10.00 | 10 43 10.00 to 15.00 5 34 77
15.00 to 24.00 9 b2 86
Friday 00.00 to 10.00 | 10 62 10.00 to 15.00 5 39 101
15.00 to 24.00 9 71 110
Saturday 00.00 to 24.00 | 24 95 134
Sunday 00.00t0 24.00 | 24 119 158
Monday 00.00 to 15.00 | 15 134 15.00 to 24.00 9 48 182
00.00to 15.00 | 15 63 197
Tue‘sday 15.00 to 24.00 9 143

C.2 Continue the cycle given in table 1 for a total of 42 days. The composition of the cycle is as follows:

total test time
operating time
shut-down time

Full documeﬁf details: BS 5117-2-2.3:1985

1008 h;
774 h;
234 h,
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Figure 1. Recirculating rig test: diagram showing test rig layout
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