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1.0 INTRODUCTION 
 

SEI, Inc., is currently conducting various temperature profile tests using the BOILERWATCH 
SP acoustic gas pyrometer system on two delayed coker furnaces at Coastal Aruba Refining Co. N.V. 
The furnace, Delayed Coker #2 (D.C.2 AR) is a 2-pass, natural draft, split furnace manufactured by 
ABB Lummus utilizing 32 John Zink   bottom   burners.  This furnace was put in operation in 1999, and 
is operating at or above nameplate capacity.  The D.C.   2 test started in early July 2001 and finished in 
early August. The  test  on  Delayed  Coker  #1 (D.C. 1AR), an identical unit to DC 2 built in the early 
1990’s, was started in early August and is on-going. The purpose of this evaluation  is  to  determine  the  
suitability  of  a  commercial  acoustic gas pyrometer for on-line measurement of gas temperature and 
internal gas velocities in the delayed coker, to improve furnace balance and efficiency in order to  extend  
the  time  between  spalding cycles. 

 
BOILERWATCH SP and  BOILERWATCH MMP systems have been extensively applied 

for  gas  temperature  monitoring  and  spatial  gas  temperature  distribution  profiling  in  coal, oil, and gas 
fired utility power boilers, black liquor chemical  recovery  boilers,  municipal  and  hazardous waste-fired 
boilers, metals heat  treat furnaces,  cement  kilns, and  blast furnaces,  however, the  performance  and  
applicability  for  gas  temperature  monitoring  in  a  delayed  coker has previously been undetermined. 
Recently,  a  feasibility  test  was  done  in  a  hydrogen  reformer, also at Coastal Aruba Refining Co. 
N.V., using  the  BOILERWATCH  SP,  yielding  excellent  results (see separate report). The particular 
interest in the delayed coker is the  reliability  of  the  acoustic measurement technique given the quantity 
of  burners  (32)  and  the  possible  turbulent  gas flow conditions created by  the  division  wall.  A full-
scale operational  test  of   the  acoustic pyrometer was needed to assess the effects of the number of 
burners and division wall on reliable measurement of acoustic transit time measurement in the coker. 

 
2.0 OBJECTIVE 

 
The delayed coker at Coastal Aruba Refining Co. N.V. uses two thermocouples at the bridgewall  

and  numerous  thermocouples  in  refractory  walls  of  the  furnace,  to  measure   single point gas and 
wall temperatures. 

 
The objective of the test is to setup the single path temperature measurement device, 

BOILERWATCH  SP,  confirm  its  correct  operation,  compare  the  results  with   the thermocouples 
located at the bridgewall, and determine other variables that might be related to combustion temperatures 
and internal gas velocities. 

 
The results are to be compared once the equipment has been field tested (July) and then connected 

(August) to the (PI system) data acquisition system installed at the refinery. Once the information is 
collected and reviewed, a decision will be made whether to install the BOILERWATCH MMP, which 
will give  a  two  dimensional  map  of  temperature  that  will  be  used to control the 32 burners, air 
dampers and combustion air to the furnace. 
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3.0 DELAY COKING-PROCESS 
 

In simple terms, the delaying coking  process  is  the  formation  of  coke  in  the  coke  drum  and 
NOT in the furnace that is heating the hydrocarbon. 

 
The  effects  of  high  temperature  (fireside)  and  its  relationship  to  coke  buildup  (inside  tube) 

are well understood.  Coking  inside  the  tubes  is  reduced  if  the  furnace  outlet  temperature  and coke 
inlet drum temperature are maintained within narrow limits. 

 
Coking normally occurs where flame impingement raises the tube surface temperature. A Uniform  

Temperature  Distribution  within  the  furnace  is  very  important  because   it  eliminates the tube hot 
spots induced by flame impingements. 

 
For delayed coking operations the critical variables are: temperature, process velocity and 

residence time.  Unfortunately, picking the correct coker unit operating adjustments   to   compensate for 
these variables is rather difficult.  SEI believes these variables exist on fireside as well as inside the tubes 
and can be controlled. 

 
The high temperatures that result from the combustion process require the use of exotic alloys, in 

certain areas of the furnace. Inconsistent  high  temperatures,  which  are  induced  by flame impingement, 
lead to localized tube hot spots that create  coking  inside  the tubes  and NOT inside of the coke drum. 
Routinely, spalding is required to remove the tube coke deposits.   Spalding is time consuming and 
represents lost production.  A  uniform  temperature  distribution  done  by  burner  balancing  greatly  
reduces  flame  impingements  thereby  increasing  the  time  between spalding cycles. 

 
 

4.0 BOILERWATCH SP TEST EQUIPMENT DESCRIPTION 

The BOILERWATCH SP system provides  on-line real-time  gas  temperature measurement, 
and is designed  for  permanent  installation  in  a  variety  of  industrial  boiler,  furnace, and thermal  process 
applications.  Advanced  technologies  in  acoustics,  electronics,  and  digital signal processing are 
employed to provide continuous, accurate, real-time measurement of combustion or process gas 
temperatures  on  a  fully  automatic  basis.  The BOILERWATCH®  SP can be operated as a stand-
alone instrument system or it can be fully integrated into plant control systems. 

 
BOILERWATCH® SP operates on the principal that the speed of sound in a gas  is dependent 

upon the temperature of the gas.  By  sending  an  acoustic  (sound)  signal  from  a transmitter (sound 
source) through a volume of gas  to  a  sound  receiver  and  measuring  the  time taken for the sound to 
travel from the source to the receiver, the AVERAGE temperature of the gas present along the straight-
line path between the transmitter and receiver is determined. 
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BOILERWATCH® SP provides  a  single  path  measurement  (average  gas  temperature) along 
a straight-line path between an acoustic  transmitter  and receiver  across  the gas volume.  The low 
frequency sound travels spherically through open cavities, tube separations and physical obstructions. By 
placing the sensors on a non-horizontal position, gas velocities can also  be  obtained. 

 
Temperature measurements are observed, logged, and time-trended on a WINDOWS 

95/98/NT/2000 PC with BOILERWATCH SP System Manager Software and/or input directly to your 
plant Distributed Control System (DCS), Data Acquisition System (DAS) or (PI), or other device for 
presentation and/or storage. Graphs of current and historical temperature verses, time trends are provided 
by the SP System Manager Software. 

 
The SP system is designed to  operate  automatically  and  unattended  for  years  of  trouble- free  

service  in  industrial  process  environments.  The  only  moving  part  in  the  system  is   the solenoid air 
valve located on the acoustic waveguide,  which  is  used  to  provide  a  short  burst  of plant general 
service compressed air that  creates  the  random  noise  acoustic  signal.  This  airburst  also serves to  self-
clean the waveguide  and  wall  opening  of  loose  debris  such  as  ash  or particulate. SEI recommends 
use of  a simple hinged door assembly  or   customer  supplied  observation doors, allowing quick and  
easy  access  to  the  waveguide  and  wall  openings.  The hinged door also allows access to the furnace 
or process gas area for  observation  or  other  purposes 

 
 

4.1 ACOUSTIC PATH DISTANCE 
 

The delayed coker in Coastal Refinery is about 44 ft. long and about 18 ft. wide as measured 
from the exterior surface of the steel shell on one side to the exterior of the shell on the opposite side. The 
wall is lined with refractory cement on each side. The two SEI model 3020TR acoustic waveguide 
transceivers were mounted directly to the door hinge in various locations. The acoustic path distance 
was: 

 
 
 Paths 1,5, 11, and 13 are 44 ft. 
 Paths 2 and 6 are 44.25 ft 
 Path 3 is 44.45 ft. 

 

The physical installation and system arrangement are shown in the following figures and photos. 
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5.0 TEST RESULTS 
 

Mr. Roberto Roubicek, a member of SEI’s technical staff, authorized by Mr. Earl 
Peterson, of Coastal Refinery Engineer, installed and commissioned the  BOILERWATCH® SP 
single path system in the delayed coker #2. The SP system was installed  in  July,  while  the  coker  
unit  was  operating  at  full  capacity.   The   testing continued for the next four weeks. Plots of 
temperature verses time for this period are shown on the following sheets.  During  the  last  part  
of  July,  because  of  a  feed  pump failure, 8 burners were shut down and the corresponding 
temperatures are illustrated. In August, the SP equipment was relocated to delayed coker #1 and 
put in operation and the initial temperature graphs are also shown. 

 
See included table of all path results and selected SP system manager temperature chart display 
screens. Additional path temperature charts are available. 

 
 
6.0 PRELIMINARY CONCLUSIONS 

 

As seen from the plots  of  the  various  paths,  the  gas  temperature  throughout  the  test 
period varied during the  operation  of  the  delayed  coker.  SEI  believes  the  observed gas  
temperature  variations  are  caused  by   gas  stratification  due  to   burner  imbalances (both air 
and fuel flow). SEI is discussing the results of the testing with Coastal Aruba Refining Co. N.V., 
the furnace manufacture and the burner manufacture. 

 
From an inspection of the test results and temperature verses time plots, it can be 

concluded that the BOILERWATCH SP and BOILERWATCH MMP acoustic gas 
pyrometer are well suited to provide continuous on-line  measurement  and  monitoring  of gas 
temperature in the delayed coker. 

 
Based on the performance results obtained from this test,  it  is  SEI’s further conclusion 

that this  system  is  able  to  provide  reliable  performance  over  an  extended period of many 
years in the delayed coker. 

 
It is well known that thermocouples suffer from reliability problems due to their necessity 

to be intrusive in the gas stream. Also, other devices such  as optical  pyrometers are unable to  
accurately measure gas temperature due  to  radiation  effects  from  the refractory lining, but 
they are used to measure surface temperature of the tubes once  the ambient temperature is  
known.  The  BOILERWATCH  SP  and  BOILERWATCH MMP can provide the needed 
accurate furnace interior ambient temperatures to support a  better understanding of the 
temperatures within all areas of the furnace. 

 
The acoustic technique, when properly  applied,  inherently  measures  true  gas  temperature, and 
produces the average  temperature  of  the  gas  within  a  volume  along  a  straight  line  path 
between  the  acoustic transmitter (sound source) and  receiver.  A two dimensional map of 
temperature distribution at a specific level is possible using various transceivers. 
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Summary of July 2001 data on Delayed Coker #2 – Coastal Aruba Refinery 
 

 
Path Burners Mean Temp Std. Dev. Level 

1 32 1387 73 Upper 
1 24 1297, 1287 42, 47 Lower 
1 24 1286, 1273 21, 20 Lower 
1 32 1062, 1044 37, 12 Lower (velocity) 
2 32 1176 59 Upper 
2 24 1269, 1326 70, 43 Lower 
3 32 1287 115 Upper 
5 32 1541 33 Upper 
5 24 1301, 1342 31, 38 Lower 
6 32 1496 10 Upper 
6 24 1210, 1339 52, 29 Lower 
7 32 1132 74 Upper 
8 32 1235 55 Upper 
9 32 1475 19 Upper 
10 32 1552 39 Upper 
11 32 1334 40 Upper 
11 24 1114, 1072 24, 55 Lower 
12 32 1468 68 Upper 
12 24 991, 1198 37, 55 Lower 
13 32 1229 36 Upper 
13 24 903, 1111 18, 84 Lower 
13 32 1031, 920 55, 80 Lower (velocity) 
13 32 957 39 Lower to Upper 
14 32 1456 44 Upper 
14 24 1245, 1234 38, 20 Lower 
15 32 1345 52 Upper 

1-5-11-13 32 1350 50 Upper 
1-5-11-13 24 1323, 1398 75, 84 Upper 

1-5-6-2 24 1301, 1342 31, 38 Upper 
 
 

Summary of August 2001 data, Delayed Coker #1, Coastal Aruba Refinery 
Data collection ongoing 

 

 
Path Burners Mean Temp Std. Dev. Level 

1 32 1175 248  

2 32 1479 50  

1 32 1537 33  

2 32 1475 58  

1 32 1489 93  

2 32 1513 77  

3-8 32 1543, 1563 18, 32  

 

Note: Paths with two means temps represent measurement in both directions (ping-pong). 
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7.0 RECOMMENDATION- 
 
SEI, Inc. believes that the use of a BOILERWATCH MMP gas pyrometer system, for 
providing a 2 dimensional  map using  eight  (8)  transceivers  will  greatly  enhance  the operation 
of the delayed coker. 

 
The immediate results of burner balancing will be: 

 
1. Reduced coking 
2. Reduction in fuel use 
3. Reduction in supervision time of furnace walk down 
4. Early detection of combustion problems 

5. Longer operation between spalding 
6. Better coke formation 

The longer term results will be: 

1. Less refractory damage 
2. Less burner damage 

3. Longer operation between shutdowns 
 
SEI, Inc. testing is continuing at Coastal Aruba Refining Co. N.V. 

 
An example of the BOILERWATCH MMP display screen is shown in the next figure. 
The display shows an isothermal map, a 16 zone area plot, the path locations and a recent 
temperature history for the highlighted path. 
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9.0 ADDENDUM 

 
 

ACOUSTIC PYROMETER THEORY OF OPERATION 

The BOILERWATCH SP and BOILERWATCH  MMP gas pyrometer system is based on 
the physical principal that  the speed  of sound  traveling  through  a gas volume  is proportional to the 
temperature  of that gas. The velocity at which acoustic waves propagate through a gas mixture        is a 
primary function of absolute temperature, and to a lesser extent, a function of the gas composition. For 
most applications, the  gas  constituents  and  their  relative  quantities  are  well  known or fall within a 
small range of values. The average gas temperature  along  a path  volume between a sound source and a 
receiver can, therefore, be determined by first  measuring  the  'flight- time' of the acoustic wave (that is 
the time taken for the sound  wave  to travel  from  the  acoustic source to the acoustic receiver), and by 
knowing the distance between the source and receiver, the temperature can then be computed. 

 
A wide-band audio signal is launched  from  a pneumatically  driven sound source placed on  one 

side of a furnace, and it's arrival is detected at the opposite  side  by a receiver  transducer. The time 
interval between launch and  detection  is  the  flight-time, which  is then used in the computation of 
average temperature of the gas in the volume between source and destination transducers. 

 
The fundamental principal of acoustic pyrometry is based  on  the  fact  that  the  speed  of  sound 

in a gas changes as  a function  of  temperature,  and  is  further  affected by the composition of the gas 
along the acoustic path. These relationships are described by the equation: 

d 

 
where: 

c =   
t 

= 1 (1) 

c = speed of sound in a gas (meters/second) 
d = distance over which sound wave travels, (meters) 
t = flight time of sound wave, (seconds) 
r = ratio of specific heats 
R = universal gas constant, 8.314 J/mole -°K 
T = temperature, °K 
M = molecular weight (Kg/mole) 

rRT 
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c 

With a sound source (transmitter) installed on one side of the furnace and a microphone (receiver) 
on the opposite side, a sound signal can be emitted from the transmitter and detected by the receiver. 
Since the distance between the transmitters is known and fixed, measurement of the flight-time of the 
sound signal allows computation of the average temperature of the gas along that path. 

 
By applying a conversion from degrees K to degrees F, an expression is obtained that relates gas 

temperature (in °F) to distance, flight-time, and gas composition: 
 

 

where: 
T =  (d / B )2   x 106

 - 460 2 (2) 

T F = gas temperature ( F) 3 
d = distance, (ft) 4 

B = acoustic constant = 
 
R / M 5 

 = flight - time, (milliseconds) 6 
 

Temperature can also be expressed in degrees C, using the following equation: 
 

 
where: 

T =  (d / B )2
 x 106

 - 273.16 7 

d = distance, (meters) 
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