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Abstract 

 
Each year millions of dollars are lost as a result of 
distortion, cracking and mechanical property variations due 
to unexpected problems in the quenching process. A 
thorough understanding of the variations in quenching 
fluid’s performance as a function of the medium’s physical 
properties, system variables and part geometry is not 
currently available.  
 
In this paper the results of a series of experiments using four 
different quench probes in a wide variety of quenching 
media and process parameters will be presented and 
discussed. The experimental results are presented in terms of 
the calculated effective heat transfer coefficients h(T) as a 
function of metal surface temperature. The data is stored in a 
new database QuenchPAD[1] that can effectively used via a 
Decision Support System called QuenchMiner[1]. 
 
 
 
QUENCHING, as one of the most important processes of 
heat treatment, can improve the performance of various 
metallic alloys greatly, but an important side effect of 
quenching is the formation of thermal and transformational 
stresses that cause changes in size and shape that may result 
in cracks[2]. Therefore, the technical challenge of quenching 
is to select the quenchant medium and process that will 
minimize the various stresses that develop within the part to 
reduce cracking and distortion while at the same time 
providing heat transfer rates sufficient to yield the desired 
as-quenched properties such as hardness [3]. 

The performance of a quenchant can be characterized 
by its ability to extract heat from the part surface. .  It can be 
expressed into two ways – by measuring hardness of the 
quenched part as a function of position beneath the surface 
or by measuring time-temperature data at pre-specified 
locations in a standard specimen.  Most of the commercial 

Quench Sensors/Probes measure the time-temperature data, 
which are later used to estimate quench severity indices, 
such as, hardening power (HP) [4, 5], Castrol Index (CI) [6, 
7], V-Values [6] and Quench Factor (QFA) [8-10].  Those 
indices can be correlated with the hardness of the quenched 
part. 

The quenching probes have been produced in a great 
variety of shapes, including cylinders, spheres, square bars, 
plates, rings and coils, round disks and production parts. 
Also the probes have been constructed of various materials, 
including alloy and stainless steels, silver, nickel, copper, 
gold and aluminum [6]. 

The heat transfer coefficient is usually used to 
characterize the quenching abilities of the quenching 
system. In this paper four different quench probe systems, 
CHTE probe, IVF probe, Liscic-NANMAC Probe System 
and CHTE plate probe, are presented. The heat transfer 
coefficients for these probe systems have been presented. 
The database QuenchPAD that stores the quenching data 
and the Decision Support System QuenchMiner are also 
presented here. 
 

Quench Probe systems 
 

CHTE Quench Probe System. The CHTE Quench 
Probe System is shown in Figure.1. The system consists of 
notebook PC based data-acquisition system, pneumatic 
cylinder with air valve, a small box furnace, 1-L size beaker 
for quenchant and K-type thermocouple-connecting rod-
coupling-interchangeable probe tip assembly.  The 
pneumatic cylinder rod moves the probe down into the 
quench tank from the box furnace.  The pneumatic cylinder 
is connected to the pneumatic valve by two white tubes as 
shown. 

The dimensions of the probe along with the coupling 
and the connecting rod are shown in Figure 2. The main 
feature of this characterization system is the ability of 
changing the probe tip. The probe tip can be fabricated from 



 

any metallic alloy of interest to be heat treated using 
quenching process. 
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Fig. 1 CHTE Quench Probe System [3, 11] 
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Fig. 2 CHTE probe-coupling-connecting rod assembly [3, 
11]  
 

IVF SmartQuench System. IVF SmartQuench 
System, as shown in Figure 3, is the improved version of 
IVF portable quenchant tester [12] and is used to 
characterize liquid quenchants, such as oils and polymer 
solutions.  The system consists of a cylindrical Inconel 
probe (12.5 mm dia. and 60 mm long) connected with a data 
acquisition system using a single thermocouple.  The 
quenchant testing system generates the temperature as a 

function of time and the cooling rate curves by immersing 
the heated probe in the liquid quenchants and measuring the 
data to estimate the IVF hardening power (HP). HP is the 
rating index for quenching oil proposed by Segerberg. [4, 5] 
The goal of the indexing is to select the quenchant that is 
best suited for a particular application.  The HP index is 
calculated using three characteristic points in the cooling 
rate curve, the transition temperature from film boiling to 
nucleate boiling, the cooling rate between 500oC and 600oC, 
and the transition temperature from nucleate boiling and 
convection.   The IVF quenching system that complies with 
ISO 9950 is now widely used in industry [12]. 
 

 
Fig. 3 IVF SmartQuench System [12] 
 

Liscic-NANMAC Probe System. The LISCIC-
NANMAC probe[13] [14], as shown in Figure 4, is a 
cylindrical probe 200 mm long and 50 mm in diameter.   
The probe is made of AISI304 steel and is instrumented 
with three thermocouples placed on the same cross-section 
plane in the middle of the probe’s length.  One 
thermocouple is placed at the surface.  This thermocouple is 

Fig. 4 Schematic of Liscic-NANMAC probe used in TGQAS Temperature Gradient Quenching Analysis System by Liscic 
[13, 14] 



 

a special type that utilizes a flat ribbon and is known as 
“self-renewing” thermocouple [15]. The second 
thermocouple is placed at 1.5 mm below the surface and the 
third one at the center of the cross-section.  This probe is 
reported to be particularly sensitive for measuring the heat 
flux during quenching because it accurately measures the 
temperature gradient from the surface to the center of the 
probe.  The specific feature of this probe is that it measures 
and records the temperature on the very surface of the probe, 
with a very fast response time (10-5 sec.) and is therefore 
capable of recording fast changing temperatures. 

The software used with the probe (TGQAS) calculates 
heat transfer coefficients on the probe surface and cooling 
curves in any arbitrary point of the round bar cross-section 
of different diameters.  TGQAS also predicts microstructure 
and hardness in any of those points after quenching, for 
various steel grades that have their Continuous Cooling 
Transformation (CCT) diagrams are stored in the software. 
 

CHTE Plate Probe System. In order to study the 
effect of geometry on the heat transfer coefficient during 
quenching, CHTE plate shaped probe has been designed, as 
shown in Figure 5. This probe is 200mm long, 30mm wide 
and 200mm high. Probe material is Inconel 600. This probe 
is instrumented using four thermocouples as shown in 
Figure 5. This probe will help us study and understand the 
heat transfer mechanisms during quenching from a flat 
vertical surface and the effect of surface orientation on the 
heat transfer. 
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Fig. 5 CHTE Plate Probe Quench System 
 
 

Results and Discussion 
 

A series of experiments were performed using three 
different quench probes in the same quenchant: mineral oil 
T-7-A. The experiments using the fourth probe, CHTE plate 
probe, are still in progress. The results are discussed as 
follows: 
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Fig. 6 Heat transfer coefficient for CHTE 304 probe 
quenched in T-7-A as a function of temperature 
 

CHTE 304 stainless steel probe (3/8" diameter, 1.5" 
long) was heated to 850°C and then quenched in Houghton 
T-7-A using the quench probe system shown in Figure 1. 
The heat transfer coefficient data was calculated using the 
lumped parameter analysis method and then plotted as a 
function of the temperature in Figure 6. The heat transfer 
curve showed the typical cooling regimes for steel in 
mineral oil: Film boiling, nucleate boiling, natural 
convection and the transitions in between. Clear Leidenfrost 
temperature could be seen from the plot at roughly 650oC. 
The heat transfer coefficient reached a maximum value, 
2200W/m2*K, at temperature 550oC. 
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Fig. 7 Cooling rate curve of IVF probe quenched in T-7-A  
 

The same set of experiments was also performed using 
IVF probe (12.5mm diameter. and 60mm long). IVF probe 
was usually used to characterize the cooling power of the 
quenchant. Figure 7 gives the cooling rate curve of IVF 
probe quenched in T-7-A without agitation. Since the 
dimension of IVF probe is much bigger than that of CHTE 
probe, the Biot number is so large that calculation of the 
heat transfer coefficient can’t be performed by lumped 
parameter analysis. Inverse calculation is needed to 
calculate the heat transfer coefficient of IVF probe. This 
work is still underway. 
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Fig. 8 Heat transfer coefficients of Liscic probe quenched in 
T-7-A with and without agitation as a function of surface 
temperature 
 

Heat transfer during quenching is a very complicated 
process and varies non-linearly with temperature. It can be 
affected by a variety of parameters, such as the part surface 
temperature, the surface roughness, the part geometry, the 
part orientation and the fluid agitation. In order to 
understand how the fluid agitation affects the heat transfer 
of the probe, the experiments are performed using the 
Liscic-NANMAC probe in stagnant and agitated Houghton 
T-7-A. Figure 8 shows the heat transfer coefficients of 
Liscic probe quenched in T-7-A with and without agitation 
as a function of surface temperature. From the figure, it can 
be seen that the fluid agitation increases the heat transfer 
during the quenching process and help improve the 
quenching performance of T-7-A. 
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Fig. 9 Heat transfer coefficients of Liscic probe quenched in 
T-7-A with agitation as a function of surface thermocouple 
position and surface temperature 
 

The effects of part orientation on heat transfer during 
quenching have been experimentally investigated. A Liscic-
NANMAC quench probe was heated to 850°C and inserted 
into agitated quench tanks at 45 from vertical. The surface 
Liscic-NANMAC probe’s surface thermocouple’s position 
was varied from the top to the bottom by rotating the probe 
in 90° increments. The preliminary results indicate that the 
bottom of the probe cools more rapidly than the top. The 

heat transfer coefficients of Liscic probe quenched in T-7-A 
with agitation as a function of the surface thermocouple 
position and surface temperature is shown in Figure 9. It can 
be seen that the agitation doesn’t have a significant effect on 
the partial film boiling and nucleate boiling regions when 
the probe is inserted into the quench tank at angle 45o, but it 
does improve the heat transfer at convection stage. Also the 
heat transfer coefficient for the probe increases as the 
surface thermocouple turns from the top to the side and then 
to the bottom due to the enhancing agitation.  
 

QuenchPAD and QuenchMiner 
 

QuenchPAD. The Center for Heat Treating and 
Excellence (CHTE) at Worcester Polytechnic Institute 
(WPI) has a Database System called QuenchPAD™, the 
Quenchant Performance Analysis Database [16] to store 
mostly textual and numerical data in a relational format. 
This is a part of the CHTE Quench Probe Characterization 
System [16].  This Database system manages the quenching 
information keeping it up-to-date with changes, and running 
the user’s queries. 

QuenchPAD™ is built using the commercial package 
MS Access that serves as a Relational Database 
Management System [17]. It allows authorized CHTE users 
to search for experiments and related information based on 
certain criteria. A sample screen of QuenchPAD is shown in 
Figure 10.  The upper half of this screen allows the user to 
enter one or more search criteria like Company Name, Probe 
Material etc. On clicking the search button, details of the 
concerned quenchant are displayed in tabular form with 
fields like Experiment, Manufacturer, Quenchant and so on.  
 

Fig. 10 Sample QuenchPAD™ Screen 
 

However, the users must have the tool MS Access and 
be familiar with its commands in order to use 
QuenchPAD™.  Also the QuenchPAD™ system must either 
be made available on the users’ local machine or distributed 
through CD-ROMs, implying more protection and data 



 

management issues. These are some issues of concern 
regarding QuenchPAD™. 

Also, certain types of data such as “the graph showing 
the cooling rate curve of a particular mineral oil based on 
the average of some experiments”, or “a statistical table 
showing the standard deviation for a molten salt quenchant 
at a given temperature”, may not even have been stored in a 
Database format. It could be raw data.  It is helpful to have a 
customized repository of integrated information catered to 
the needs of the users. A Web-based tool called 
QuenchMiner™, also developed at CHTE, WPI provides 
this repository.  In addition, QuenchMiner also serves as a 
Decision Support System, enabling users to analyze given 
cases, based on domain knowledge in Heat Treating, as 
explained below. 
 

QuenchMiner. QuenchMiner™ [1] is a Web-based 
Decision Support System (DSS) [18] for querying and 
analysis of quenching data at CHTE, WPI. QuenchMiner™ 
makes the existing Database system available on the Web 
for worldwide access. This allows authorized users to search 
experimental data over the Web. An example of a 
QuenchMiner™ search screen is shown in Figure 11. 
 

 
Fig. 11 Search Screen in QuenchMiner™ 
 
 

 
Fig. 12 Cooling Rate Graph of a Quenchant 

Results of the search are displayed to the user in 
tabular form. The user gets “Details” by further navigation 
from this screen.  Details include the graphs plotted during 
the experiment showing cooling rate curves, heat transfer 
coefficients and other temperature-time data. 
QuenchMiner™ aims to store the paths of these graphs and 
tables directly in the Database in one common server, to 
enable seamless querying using an Open Source Database 
like MySQL [19], speeding up and simplifying data 
retrieval. Figure 12 shows an example of a “Details” screen 
in QuenchMiner™. 

There are certain situations in which the user needs 
help in making decisions. Users are likely to make decisions 
and plan for the future based on current performance. 
QuenchMiner™ provides this decision-making facility. As 
an example, consider the following scenario. “Quenching 
Conditions are provided. Estimate the tendency for 
distortion in the quenching process.”  The user submits this 
case for analysis through a form as shown in Figure 13. 
 

 
Fig. 13 DSS User Input  
 

The output of the case after analysis by 
QuenchMiner™ is shown in Figure 14. The final deduction 
is that the tendency for distortion in this case is moderate.  

 
Fig. 14 DSS Output after Analysis 
 

Thus, QuenchMiner™ provides a Web-based System 
for Quenching Data Analysis and Decision Support. This is 
an enhancement over QuenchPAD™ that serves as a 
Database Management System for storage and retrieval of 



 

CHTE Quenching Data. QuenchMiner™ is an exhaustive 
application of Databases and Expert Systems in the field of 
Heat Treating, and in particular, Quenching. 
 

Summary 
 

In this paper four different quench probe systems were 
briefly described and the experimental results are presented 
in terms of the cooling rate and the calculated effective heat 
transfer coefficients h(T) as a function of metal surface 
temperature. The data can be stored in a new database 
QuenchPAD that can effectively used via a Decision 
Support System called QuenchMiner. 
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