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ABSTRACT 

This record of study involves the intern’s experience at Isotherm, Inc. in 

fulfillment of the requirements for the Doctor of Engineering program at Texas A & M 

University. A profile of Isotherm and its capabilities were presented. The intern was 

involved in the design, fabrication and installation of a novel shell and tube type chiller 

(evaporator) called the SX chiller. This new chiller was put into operation on a test stand 

in Norway and a fishing trawler in Ecuador.  

The European Pressure Equipment Directive (PED) certification was discussed in 

detail and the in-depth involvement of the intern in the equipment certification process 

which included intense level of correspondence with the Det Norske Veritas (DNV) 

officials and the resolution of various serious issues thereof.  The intern was successful 

in certifying Isotherm as an approved manufacturer according to the standards of DNV.  

In addition to the SX chiller design, PED and DNV certifications to fulfill the 

requirements of technical skills development, the intern also gained managerial skills 

development at Isotherm, Inc. The experiences of Engineering Manager and the Sales & 

Applications Manager were discussed too.  Based on the intern’s experience during this 

tenure he was able to provide recommendations on Isotherm’s future business direction. 
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CHAPTER I  

INTRODUCTION 

 

The need for natural refrigerants has been a major topic of discussion because of 

Global Warming Potential (GWP) and Ozone Depletion Potential (ODP). Scientists and 

governmental agencies worldwide have been addressing their concerns regarding these 

two important issues and have been actively pursuing to device policies to reduce the 

environmental effects of ever increasing industrial activities. Per Ciconkov and Ayub 

(2009), one measure is the implementation of Montreal Protocol on January 1, 1989, 

which requires various synthetic refrigerants, such as R-11 and R-12, be outlawed due to 

higher ODP levels.  In addition to the Montreal Protocol, Ciconkov and Ayub (2009) 

also specified that the Kyoto Protocol was enforced on February 16, 2005, which 

stipulated the use of those refrigerants that have a significant effect on the global 

warming. Thus, the most commonly used refrigerants, such as R-22, R-134a are slowly 

being phased out.  Since January 1, 2010, Europe has imposed stringent rules regarding 

the use of high GWP refrigerants (Ayub et. al, 2013). Recently, President Obama issued 

an executive order to adopt practices that would reduce any activities involving 

greenhouse gas emissions (Taylor, 2015). Although alternative halocarbons, such as R-

404a, R-507a, and various others are still being used as refrigerants, Taylor (2015) had 

mentioned that they will soon be phased out because of their higher GWP values.   

Currently the most attractive natural refrigerant with ODP and GWP equal to zero is 

ammonia (Ayub et. al., 2013).  Ayub et. al. (2013) also mentioned that ammonia is 
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readily available at an insignificant cost and has a relatively higher latent heat capability 

as compared to synthetic refrigerants, which qualifies it to be at the top of the list. The 

only drawback that Ayub et. al. (2013) had identified about ammonia is its toxicity; 

however, this aspect can be overcome by innovative system designs that result in 

minimal charge. Low-charge ammonia systems are being actively explored for industrial 

refrigeration markets. The intern had the opportunity to design a unique evaporator 

suited for small or large ammonia refrigeration system. This goal was achieved at 

Isotherm, Incorporated. 

Profile of Isotherm 

Isotherm, Inc. is a custom manufacturer of heat exchangers, pressure vessels, and 

skid based systems. It was founded in 1999 by Dr. Zahid Ayub, P.E., current president 

and owner. Isotherm has a shop capacity of around 32,000 sq. ft. (Fig, 1.1). The 

company is known for ammonia enhanced heat transfer systems. As mentioned 

previously, ammonia is a natural refrigerant that is extensively used due to key features 

such as, low cost, zero ODP and GWP.  Historically, ammonia enhanced heat transfer 

was not extensively studied as compared to halocarbons. Isotherm’s push for ammonia 

enhanced heat transfer for the design of its equipment, and the industry’s interest in 

utilizing ammonia for its applications gave Isotherm the advantage in the market. With 

Isotherm’s background in advanced concepts in the subject of enhanced heat transfer 

with ammonia, the company flourished in this aspect of their business by selling 

equipment to contractors.  Marine refrigeration is another major industry that Isotherm 
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sells its equipment because of its extensive experience and clear advantage over 

competitors.  The company has also been active in other related industries such as food 

and beverage, cold storage warehousing, pharmaceutical and chemical processing.  

 

 

Fig 1.1: Aerial view of Isotherm, Inc. in Arlington, Texas 

 

Contractors in industrial refrigeration are moving towards ammonia instead of 

Freons (halocarbon), such as R-22, due to the reasons mentioned above. But while it is 

getting common to use ammonia in marine and industrial refrigeration, Freons are still 

being used in the industries until their phase out. Isotherm also has the background in 

designing equipment for such systems. The company is also involved in hydrocarbon 

based refrigeration systems. Propane, a hydrocarbon, is another natural refrigerant that is 

commonly used in the oil and gas industry, such as amine gas sweetening. Therefore, 

Isotherm is not limited to any specific refrigeration area utilizing its equipment.  

Isotherm has the capability to design, fabricate, and certify its equipment per the 

ASME Section VIII, Division, Boiler & Pressure Vessel Code (2013 Edition).  Not only 

ASME is used for the design code, Isotherm can design and fabricate units per the 
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Pressure Equipment Directive 97/23/EC (PED), a European Union standard, and Det 

Norske Veritas (DNV), a Norwegian standard that has been extensively used for 

offshore and onshore applications in the oil and gas industries and for refrigeration 

systems on fishing vessels. Other codes and standards, such as API 660 (7th Edition, 

2003), Tubular Exchanger Manufacturers Association (9th Edition, 2007), Canadian 

Registration (CRN), Australian Standard 1210, and various others are also handled by 

the company. However, since the majority of equipment is designed and certified to 

ASME Section VIII, Division 1 Pressure Vessel Code, it is important to understand this 

particular code and its relevance to Isotherm’s equipment. 

ASME Section VIII, Div. 1 Pressure Vessel Code 

ASME Section VIII seminar (2007) gave the following as the reason for the 

creation of the ASME Code:  

In 1905, an explosion occurred at a shoe factory in Brockton, Massachusetts, 

resulting in 58 fatalities and 117 injuries. The explosion was a result of an 

inadequate design and fabrication of a steam boiler. However, this was one of 

many explosions that were common occurrences between the 1800s to the early 

1900s. This explosion was the last of many boiler explosions that occurred 

during at least a ten year time frame and prompted the Massachusetts 

government to enact the first steam boiler construction rules in the United States. 

Thereafter, several states adopted similar regulations for steam boiler 

construction; though, each state adopted different rules. This prompted the 
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American Society of Mechanical Engineers (ASME) to compile and unify a set 

of rules for pressure vessel design.  To achieve this Boiler and Pressure Vessel 

Code Committee (BPVCC) was created to ensure that a uniform code would be 

adopted for all states, known as the ASME Section VIII, Division 1 Code. While 

the BPVCC had the responsibility to create a set of rules for pressure vessel 

design, the National Board of Boiler and Pressure Vessel Inspectors (NBIC) was 

created to ensure that the rules by ASME were enforced and that the ASME 

authorized inspector (AI) were qualified by NBIC (2013a). Currently, these two 

committees still play a vital role in the pressure equipment certification.  This 

code not only serves the requirements of pressure vessel code for United States 

and Canada, but it has been adopted by several countries around the world as a 

reputable standard.  

The ASME Code (2013c) requires that the manufacturer holds an ASME 

certificate of authorization to prove that it can produce and ship ASME certified pressure 

equipment. Besides holding a certificate, the ASME Code (2013c) requires the fabricator 

to have the following capabilities:  

1. Knowledge of ASME Section VIII, Division 1

2. Adequate shop with qualified personnel, such as welders

3. Signed contract with the ASME Authorized Inspection Agency

4. Quality Control System approved by the Authorized ASME inspector

5. Joint Review every three years with ASME and the Authorized Inspection

Agency
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 The Code also requires that the manufacturer undergoes the following minimum 

steps in producing pressure equipment:  

1. Design

2. Procurement of Raw Materials

3. Fabrication

4. Non-Destructive Testing

5. Heat Treatment

6. Pressure Testing (ASME, 2013c)

For the design of pressure equipment, the client would provide Isotherm the

design pressure, the minimum and maximum design temperatures, the preferred choice 

of material and the size. The Engineering Department would perform calculations, such 

as the required thicknesses of various components such as the shell, the end cap, and the 

nozzles. After completing the design, the ASME approved materials are procured, with 

the Material Test reports that indicate that the mechanical and chemical tests of the raw 

material have met the ASME requirements per Section II. Upon receipt of the ASME 

materials, the production proceeds with fabrication of the Code equipment. However, it 

is important that the manufacturer have the necessary qualified procedures and personnel 

prior to production.  Thus, another ASME Code that supplements the ASME Section 

VIII, Division 1 and provides information on qualifications for welding procedure 

specifications (WPS) and the welding personnel for the construction of pressure vessels, 

is known as the ASME Section IX (2013 Edition).   
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 As defined in the ASME Section IX (2013d), a “Welding Procedure 

Specification (WPS) is a written document that provides direction to the welder or 

welding operator for making production welds in accordance with Code requirements.” 

Furthermore, Section IX (2013d) further states that the manufacturer, such as Isotherm, 

bears responsibility for the control of production welding based on the approved WPS. 

An example can be found in Figure A.1 of Appendix A. The WPS is approved if the test 

coupon used for the WPS complies with the minimum requirements for the intended 

application (ASME, 2013d). Therefore, a Procedure Qualification Record (PQR) is 

created as a record of the welding data used to weld a test coupon, as per Section IX 

(2013). 

 The required variables are listed in the PQR, and it is obligatory for the 

manufacturer to prove that those variables meet the minimum requirements of ASME 

Section VIII Division I (2013c), ASME Section II (2013a) and ASME Section IX 

(2013d). Variables include, but not limited to, the thickness of the base metal qualified 

and the welding wire and its properties (ASME, 2013d). Therefore, the successful 

qualification of the PQR is used to prove that the WPS used for fabrication of the heat 

exchangers and pressure vessels comply with ASME Section VIII and IX requirements.  

An example of the PQR can be found in Figures A.2 and A.3 of Appendix A.   

 Each welder in the fabrication shop has to prove that they are able to perform the 

welding in accordance with the approved WPS. Therefore, Section IX requires that the 

manufacturer complete and certify a Welder/Welding Operator Performance 

Qualification (WPQ) record for each welder (2013d); Fig. A.4 of Appendix A is one 
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example.  The manufacturer is also obligated by Section IX that each welder or operator 

to perform a test coupon, using the WPS, and that the results from the testing of the 

coupon prove that the welder/s have met the ASME Code (2013d).   

 With approved WPS’s and with each welder having its approved WPQ, 

fabrication of ASME certified equipment can proceed.  Isotherm maintains the required 

documentation accordingly.  It is important that the designers in the Engineering 

Department lists the approved WPS’s, with approval from the Engineering Manager, on 

the drawings so that each welder knows the applicable WPS for each project and that the 

production manager decides on which qualified welder can fabricate the ASME 

approved heat exchangers and pressure vessels. Having mentioned the fabrication with 

the required welding documentation and personnel qualifications, ASME Section VIII, 

Div. 1 (2013c) lists the requirements for non-destructive examination, such as 

radiography (method of using X-ray for inspection of welding), ultrasonic testing, liquid 

penetrant, and magnetic particle testing.  The non-destructive testing (NDT) rules are 

covered in ASME Section V (2013b).  The required procedures are set in place prior to 

conducting the tests in the manufacturing shop.  Since Isotherm only has an approved 

procedure for liquid penetrant testing, it is only limited to this type of test. Not only the 

procedure must be approved by ASME, it also requires qualified personnel conducting 

the tests, which Isotherm has the documentation necessary to carry out the procedure 

(2013b).  For all other NDT requirements, the company subcontracts qualified sub-

contractors.   
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 After the non-destructive testing, if the fabricated equipment is to be heat treated 

it is out sourced to a code approved sub-contractor (ASME 2013c). The majority of 

Isotherm’s equipment does not require heat treatment, thus further discussion is not 

necessary.  Pressure testing of the equipment is also necessary to detect any defects in 

the material and fabrication. There are two types of tests allowed by ASME: hydrostatic 

testing and pneumatic testing (2013c). Isotherm has the capability to perform both; 

however, it mostly performs pneumatic testing since most of the equipment is used for 

refrigeration application traces of water are undesirable.  According to the rules of 

ASME Section VIII, the pressure test must be witnessed by the ASME authorized 

inspector (AI) and after successful test witnesses the affixing of the nameplate on the 

equipment (2013c). After all the necessary steps in design, materials, fabrication, and 

testing are complete, the ASME Code also necessitates the manufacturer to complete a 

special form, also known as the data report that provides complete information on 

materials, operating pressure and temperature and test data as shown in Fig. A.5 of 

Appendix A. (2013c) 

 A discussion about the history of ASME and its role for pressure vessels was 

mentioned, along with the steps to achieve ASME certification of the equipment, which 

were design, materials, fabrication, non-destructive examination, heat treatment, and 

pressure testing. With Isotherm being an authorized ASME shop, it is qualified to sell 

equipment with ASME certification to its clients that require pressure vessels for their 

refrigeration packages. One of the components of the refrigeration package is the chiller. 

As previously mentioned, the intern had worked at Isotherm for an internship, as 
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outlined in the Doctor of Engineering program at Texas A & M, and was primarily 

involved in the development of a new and unique type of chiller (patent applied for) that 

is expected to make a major impact in the refrigeration industry.  The implementation of 

the ASME certification to this chiller was necessary prior to having the chiller marketed 

in the U.S. and other parts of the world.  It is important to note that the chiller is not 

limited to ASME certification only since there are other standards that are required in 

certain areas of the world, such as the Pressure Equipment Directive (PED) of the 

European Union, and Det Norske Veritas (DNV), which is commonly used in 

Norwegian fishing vessels and off shore oil drilling platforms. 

Final Internship Objectives 

As mentioned above, the intern had the opportunity to work at Isotherm and was 

involved in the design of the new patent pending ammonia chiller during the internship. 

As required in the Doctor of Engineering program of Texas A & M, the intern was 

expected to develop both the technical and managerial skills during the internship. 

Several months after starting the internship, the intern narrowed the Final Internship 

Objectives as follows: 

Technical 

1. Enhance technical skills necessary for the design of the new type of chiller

2. Develop knowledge of certification of Isotherm’s equipment to meet the

requirements of the Pressure Equipment Directive (PED)
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3. Develop the skills necessary to certify Isotherm’s spray chillers and condensers 

to meet the DNV Rules for Ships, Pt. 4 Ch. 7: Pressure Vessels 

 

Managerial 

1. Acquire the skills as an Engineering Manager at Isotherm, Incorporated.  

2. Gain more knowledge necessary for future ownership of Isotherm, Incorporated. 

 

 As per the requirements of the Doctor of Engineering degree, this Record of 

Study is to show that the above mentioned objectives show that the intern gained 

technical and managerial skills during his internship at Isotherm, Incorporated. While all 

the above five objectives were important to fulfill, the primary focus in this internship 

was to develop a new chiller.  
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CHAPTER II  

NEW CHILLER DESIGN 

 

Isotherm’s heat exchangers and pressure vessels are utilized in the refrigeration 

systems that operates under a classical reverse Rankine cycle (Fig. 2.1) consisting of the 

evaporator (also called chiller), separator (also known as accumulator), compressor, 

condenser, receiver and the throttling expansion valve. The major focus of the internship 

is the chiller design. In a chiller, the process fluid is being cooled while the refrigerant is 

undergoing phase change from liquid to vapor by the heat transferred from the process 

fluid to the refrigerant. There are three types of chillers that Isotherm, Inc. has 

traditionally manufactured: Flooded, Direct Expansion (DX) and Spray.  

 



13 

Fig. 2.1: Typical Reverse Rankine Cycle Refrigeration System 

Flooded Chiller 

A flooded chiller as shown in Figs. 2.2 and 2.3 is where the two-phase refrigerant 

is in the shell while the process fluid is cooled in the tubes. A horizontal separator vessel 

is mounted on top of the chiller for liquid-vapor separation. The shell-side of the flooded 

chiller is 80-90% occupied by a pool of refrigerant so that when the refrigerant is 

undergoing two-phase flow, vapor flows upward towards the separator vessel. The vapor 

contains droplets of liquid, thus the separator vessel is designed to ensure that the liquid 



14 

droplets are not carried over to the compressor. The flooded chiller does not require a 

pump for refrigerant flow, but a large amount of refrigerant is required in the shell for 

proper operation, hence increasing the refrigerant cost and increasing the safety hazard 

in the event of a leak, especially if the refrigerant is either toxic or flammable or both.  

Large refrigerant inventory also increases the risk of freezing the process side in case of 

malfunction due to the “thermal inertia” effect.  

Fig. 2.2: A typical Flooded Evaporator design 
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Fig. 2.3: Fabricated Flooded Evaporator 

 

Direct Expansion (DX) Chiller 

In a DX chiller (Figs 2.4 and 2.5), refrigerant flow is maintained inside the tubes 

while the process liquid is cooled within the shell. It is important to keep a consistent 

distribution of the liquid-vapor refrigerant mixture; otherwise, the lack of proper 

distribution could result in early liquid separation with vapor occupying the upper 

portion of the tubes, thus larger void fraction. Since vapor has a lower heat transfer 

coefficient than the liquid, a uniform mixture is necessary for the refrigerant flow inside 

the tubes. There is no such thing as an ideal mixture; consequently, it is difficult to 

estimate the magnitude of liquid-vapor mixture that actually occurs within the tubes. The 

goal of a better design is to strive for the least amount of mal-distribution.  
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Fig. 2.4: A typical DX Evaporator design 

 

 

Fig. 2.5: Fabricated DX Evaporator 

 

Spray Chiller 

In the spray chiller design as shown in Fig. 2.6, thin-film evaporation is involved, 

resulting in a relatively higher heat transfer coefficient than that obtained in pool boiling 

found in flooded evaporators. As compared to the flooded chillers, it requires a lower 

operating refrigerant charge. However, the shell needs extra space to accommodate a 

spray header, whose role is to hold the spray nozzles for spraying the refrigerant. To 
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maintain a positive refrigerant flow in the spray loop, a pump is required. If the pump 

malfunctions, the spray chiller will either have to shut down or in case of an extra pump 

has to be switched over to the standby pump. In the food processing industry, two pumps 

are always required for this reason.  Figure 2.7 shows a typical fabricated spray 

evaporator ready to be installed at a site. 

Fig. 2.6: A typical Spray Chiller design 
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Fig. 2.7: Fabricated Spray Chiller 

New Shell Side DX Chiller (SX) 

 Isotherm has embarked on a new special DX technology that combines the 

concepts of spray chiller and DX chiller. This new design is referred to as the SX (Shell 

side DX) Chiller. The key driving features in initiating the concept of SX chiller design 

were: 

1. Compact design

2. Low refrigerant charge

3. Higher efficiency

4. Ease of maintenance

5. Reduced cost
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 Under the supervision of the owner the intern was given the task to work out the 

most optimized new SX chiller. First, the compactness was emphasized. Next, the low 

charge, as is the case with Spray and DX chillers, is considered. As previously 

mentioned, the spray chiller utilizes thin film evaporation, which results in a higher heat 

transfer coefficient than that with flooded chiller.  This feature was also considered in 

the SX chiller design.  Consideration of all the above features resulted in a unique design 

as shown in Fig. 2.8.  The following paragraphs describe this new technology taken 

verbatim from the US Patent (Ayub and Ayub, 2012): 

 

 

Fig. 2.8: SX Chiller design 
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Fig. 2.9: Bundle view of SX Chiller without end heads 

As shown in Fig. 2.8 the process fluid goes through the tube side of the 

SX Chiller via the top nozzle (25), which flows through a body of tubes. The 

body of tubes is shown in Fig. 2.9 as a side view of the SX chiller without the 

tube-side heads, as shown as 20 in Fig. 2.8. The process fluid cools before 

leaving at the bottom nozzle, shown as 27 of Fig. 2.8. The process fluid is cooled 

by the transfer of heat from the process fluid to refrigerant, which in turn 
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evaporates into superheated vapor. On the other hand, the refrigerant enters 

through the bottom side of the shell, through the shell-side nozzle(s), shown as 

41. The shell-side nozzle(s) are connected to the refrigerant spray header(s) (35 

of Fig. 2.9) located on the bottom inside diameter of the shell-side. The spray 

headers act as a source of refrigerant distribution on the tubes, which is important 

for efficient heat transfer. The spray header has small orifices (39 of Fig. 2.9) that 

are sized for the spray mechanism, depending on the flow rate of the refrigerant.  

The refrigerant goes through several circuits of vaporization so that it leaves 

from the refrigerant outlets (49 of Fig. 2.9) as superheated vapor to the 

accumulator or directly to the compressor. This is important because the 

compressor cannot have any traces of liquid entering the suction side of the 

compressor due to incompressibility of liquid; otherwise, the compressor 

malfunctions. The small orifices in the header directs the refrigerant liquid-vapor 

mixture to the lower part of the shell where oil is separated and refrigerant hits a 

perforated plate (45 of Fig. 2.9), which is welded slightly above the refrigerant 

header. This creates a slight back pressure, resulting in even distribution along 

the length of the bundle. The evenly distributed two-phase refrigerant then moves 

upward through the bundle due to the positive lift caused by the compressor 

suction. This upward flow of two phase mixture creates a thin film of liquid 

refrigerant that evaporates at the expense of cooling the process fluid in the 

tubes.  This concept makes it different than pool boiling in flooded chillers that 

require large refrigerant pool to sustain the chilling process. To ensure that there 
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are no traces of liquid after flowing through the outside of the body of tubes, a 

separating device in the form of a specially calculated and designed demister pad 

(47 of Fig. 2.9) is placed above the main body of the tubes so that the mixture 

will coalesce the liquid back down to the shell where it is evaporated while vapor 

continues to flow towards the refrigerant outlet. To ensure that the vapor is 

superheated, an extra body of tubes above the demister pad is placed, known as 

superheat tubes, as shown as 15D of Fig. 2.9. This is critical since the refrigerant 

expansion valve, located at the entrance to the shell, modulates via a controller 

under a pre-set superheat level at the outlet. Lastly, an oil sump is added to the 

bottom of the chiller for oil drainage purposes (shown as 51 of Fig. 2.8) since oil 

is carried over with the refrigerant from the compressor. It is very important to 

have good drainage, especially for ammonia applications because oil and 

ammonia are immiscible.  

The new chiller design has many advantages over contemporary chillers. First, 

the charge is significantly less than the flooded chiller. This is really important since 

ammonia is toxic, and the ammonia released into the atmosphere should be minimal. 

Another benefit is that the new chiller eliminates the need for a pump, unlike the spray 

chiller because one of the issues with the pump is that it would require spare sealing and 

that operator is required to maintain the pump concurrently, thus driving potential repair 

and spare part costs high. Also, a backup pump is needed in the event of the malfunction 

of the main pump in order to avoid shutting down the refrigeration system. Although the 
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spray chiller requires less charge than the flooded and DX chillers, the new chiller 

requires even less of a refrigerant charge than the spray chiller. Moreover, the new 

chiller offers a more compact design for the same refrigeration conditions as compared 

to all three conventional chillers. Other benefits include simple controls since the 

refrigerant level controller is not required, less oil due to minimal carryover from the 

compressor, and easy cleaning of the process tube side. After designing this new 

technology, the intern received some purchase orders for the new chillers. 

Design and Results for SX Chiller in Norway 

One project that the intern was involved with was for a test stand in Norway. The 

design parameters are shown in Table 2.1. 

Table 2.1 – Norway test SX Chiller design parameters 

Parameter Value Unit

Capacity 250 (71) kW (TR) 

Seawater Flow rate 180 (793) m3/hr (gpm) 

Seawater Inlet Temperature 0.17 (32.3) C (F) 

Seawater Outlet 

Temperature 

-1.0 (30.2) C (F) 

NH3 Suction Temperature -5.0 (23.0) C (F) 
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Based on the above data, the intern and the engineering supervisor designed a SX 

chiller as shown in Fig. 2.10 while Fig. 2.11 shows the chiller mounted on the test stand 

skid at the client’s site.  The final design characteristics are shown in Table 2.2. 

Table 2.2 – Norway test SX Chiller size 

Parameter Value Unit

Outside Diameter 356 (14) mm (in.) 

Tube Length 3048 (10)  mm (ft.) 

Overall Length 3353 (11) mm (ft.) 

Fig. 2.10: Fabricated SX Chiller for Norwegian Test Stand 
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Fig. 2.11: SX Chiller on Test Stand Skid in Norway 
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Fig. 2.12: Field data of SX Chiller for Norwegian Test Stand 

Figure 2.12 shows a snap shot of data indicating the measured refrigerated sea 

water (RSW) outlet temperature and suction temperature versus the pull down time from 

several test runs conducted during a 2-3 month period. An average data from several test 

runs is shown in Table 2.3.  
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Table 2.3 – Norway test results for the SX Chiller 

Parameter Value Unit

Seawater Outlet 

Temperature 

-1.1 (30.0) C (F) 

NH3 Suction Temperature -4.3 (23.0) C (F) 

The results showed that at the design suction temperature the sea water outlet 

temperatures were in agreement with the required design conditions. Detailed data 

showing pull down time versus temperature can be found in Fig. B.1 of Appendix B.  

The refrigerant charge was approximately 35 kilograms (77 lbs.) which translates to 0.14 

kg/kW.  According to the current industry standards this is considered to be extremely 

low.  A typical comparative analysis for various other types of chillers was performed as 

shown in Table 2.4.  This shows that the charge required for the same capacity as the 

Spray, Flooded and Plate and frame is 4, 8 and 10 times more than the SX chiller, 

respectively. This is considered to be a major breakthrough in the heat exchanger 

business.  
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Table 2.4 – Comparison of refrigerant charges of each chiller  

Type Charge Unit

Shell & Tube SX Chiller 35 (77)  kg (lbs.) 

Shell & Tube Spray Chiller 140 (308) kg (lbs.) 

Shell & Tube Flooded 

Chiller 

280 (616) kg (lbs.) 

Plate & Frame Flooded 

Chiller (with Surge Drum) 

350 (770) kg (lbs.) 

Effect of COP of SX Evaporator vs. Flooded Evaporator 

The effect of this higher efficiency of SX evaporator can be directly observed on 

the system theoretical overall coefficient of performance (COP).  To show this, a 

comparison was run with a flooded evaporator with exactly similar geometric parameters 

and similar operating conditions on the sea water side.  Assuming same condensing 

temperature (95F), it was evaluated that for the flooded evaporator to achieve the same 

capacity the saturated suction temperature had to be 18.2F versus 23.0F for the SX 

evaporator which therefore resulted in a 10% enhancement in COP for the system. This 

is primarily due to higher specific volume of ammonia at lower suction temperature in 

the flooded system that results in higher compressor brake horse power requirement. 
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Design and Results for SX Chiller in Ecuador 

Another project was for a sea water refrigeration system onboard a fishing 

trawler in Ecuador. The design parameters are shown in Table 2.5. 

Table 2.5 – Ecuador SX Chiller design parameters 

Parameter Value Unit
Capacity 250 (71) kW (TR) 
Seawater Flow rate 136 (600) m3/hr (gpm) 
Seawater Inlet Temperature 2.2 (36.0) C (F) 
Seawater Outlet 
Temperature 

1.1 (34.0) C (F) 

NH3 Suction Temperature -5.0 (23.0) C (F) 

The intern and the engineering supervisor designed an SX chiller based on the 

above data.  The final size turned out to be the same as that for Norway test stand.  In 

this case four chillers were fabricated as the requirement was two chillers per fishing 

vessel; one for starboard side and another for port side as shown in Fig. 2.13. The 

refrigerant charge for this chiller was similar to that in the Norwegian test stand unit. 

The field results turned out to be very promising as shown in Table 2.6.  Fig. 2.14 shows 

the temperature versus pull down time, while Fig. B.2 of Appendix B consists of the 

table with time and temperature recorded. Based on these two successful installations, 

the SX chiller proved that it could play a significant role in the industrial refrigeration 

market especially where low charge systems are either a requirement through regulation 

or clients’ preference. 
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Table 2.6 – Ecuador SX Chiller field data 

Parameter Value Unit

Seawater Starboard Outlet 

Temp 

0.0 (32.0) C (F) 

Seawater Portside Outlet Temp 0.0 (32.0) C (F) 

NH3 Suction Temp -5.3 (22.5) C (F) 

Fig. 2.13: One of the two installed SX chillers on a trawler in Ecuador 
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Fig. 2.14: Field data of SX Chiller for Ecuador fishing vessel 

Commissioning Process 

To date, over eighty SX chillers of various capacities, ranging from 45 to 500 TR 

have been built and installed worldwide.  The commissioning and start-up of early 

chillers had been a vast learning experience for the entire Isotherm team, including the 

intern, especially the piping and control aspects.  Different types of control valves by 

various manufacturers were tested.  In the end, the electronic pulse valve, AKVA 

manufactured by Danfoss, resulted in a good match for the efficient performance of SX 

chiller.  A typical AKVA valve is shown in Fig. 2.15.  It was also established that 

chillers over 50 TR required two AKVA valves installed in a master/slave configuration.  
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Figure 2.16 shows a simple Process and Instrumentation Diagram (P&ID) for a dual 

valves configuration.  A client in Chile and Norway had used this concept on all the 

chillers supplied to them and had no problem in achieving capacity.  Fig. 2.17 shows the 

proper dual valves installation.  On the other hand, a client in Peru did not follow the 

instructions and used a single AKVA valve configuration as shown in Fig. 2.18 

irrespective of the capacity.  After checking their control system, Isotherm instructed 

them to revert to the proper valve configuration.  During the trouble shooting process, 

the intern and Isotherm engineers also found serious piping issues.  Almost all the liquid 

feed lines were undersized, which resulted in flashing of liquid at the valve inlet.  This is 

a highly undesirable phenomenon and is strictly warned against by the valve 

manufacturer.  The valves were also not located at the correct location in relation to the 

chiller inlet nozzles.  

Another recent case was an SX chiller sold to a contractor at a wine plant in 

California. Although it was mentioned by the contractor and its client that the SX chiller 

was operating well, the field data have yet to be provided. Fig. 2.19 shows the SX chiller 

installed at the wine plant.  
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Fig. 2.15: Danfoss AKVA Valve 
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Fig. 2.16: P&ID for dual valves Master/Slave AKVA configuration    
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Fig. 2.17: Correct dual valves AKVA installation on an SX Chiller in a Master/Slave 

configuration 
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Fig. 2.18: P&ID for a single valve AKVA configuration
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Fig 2.19: SX Chiller installed at California Wine Plant 

Conclusion 

As mentioned previously, the SX chiller was designed and patented to offer a 

compact design with lower refrigerant charge, easier maintenance, and lower risk of 

maldistribution than the DX and spray chillers. The two projects in Norway and Ecuador 

showed promising results, provided that correct piping and controls are implemented.  In 

the Norwegian test stand project, only ASME certification of the chiller was required.  

But for the same Norwegian client, equipment shipped to them would require 

certifications other than ASME. Therefore, the intern had to familiarize himself with the 

requirements of European certification criterion in order to continue selling to European 

clients. 



38 

CHAPTER III  

PRESSURE EQUIPMENT DIRECTIVE (PED) CERTIFICATION 

At the start of the internship, the intern was given a project consisting of two heat 

exchangers, a 30 inch Outside Diameter (OD) spray chiller and a 14 inch OD condenser, 

for a fish processing plant in Norway.  These two pieces of equipment required 

European certification, referred to as Pressure Equipment Directive (PED) certification. 

Why is PED certification of pressure equipment necessary in the European Union (EU)? 

As was the case of each state in the U.S. prior to the adoption of the ASME 

Code, each member state of the EU had its own regulations, or harmonized standards, 

for pressure equipment safety, thus complicating free trade among the member states 

(Bureau Veritas 2009). The Bureau Veritas (BV) seminar stated that the European 

Parliament adopted the PED to synthesize the harmonized standards of each member 

state into a new set of standards, known as Essential Safety Requirements (ESRs) to 

facilitate free trade within the EU member countries (2009). They further mentioned that 

the manufacturer of the pressure equipment must prove to the EU authorities that the 

heat exchangers and pressure vessels meet the ESRs (2009).  Despite the PED 

certification requirement for pressure equipment in the EU, they also highlighted that 

PED does not address the design calculations for the pressure vessels, thus it allows the 

manufacturer to use any PED approved code, such as ASME VIII Division 1.  However, 

the ASME design is not considered as a harmonized standard to the EU since the PED 

design addresses additional requirements that ASME does not, such as, but not limited 
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to, the hazardous analysis of the fluids within the pressure vessels and providing 

operating instructions of the pressure equipment (Bureau Veritas 2009). Moreover, 

Bureau Veritas had addressed the differences between ASME and PED requirements of 

pressure vessel certification (2009). They mentioned that the ASME code allows any 

authorized manufacturer to use its ASME approved quality control manual as a guide for 

fabrication, whereas the PED requires third party inspection and approval of the design, 

fabrication, and pressure test for each pressure vessel.   

Another difference highlighted is that each standard has different allowable 

stresses for the pressure bearing materials. PED has additional requirements for third 

party inspection and approval of the manufacturer’s welding procedures, qualifications 

of each welder, and non-destructive testing, whereas ASME allows the manufacturer to 

declare conformance of the welding and non-destructive testing in accordance with 

ASME requirements.   

Lastly, the ASME and PED codes have differences in the pressure testing 

procedures. The hydrostatic test pressure per ASME is the design pressure multiplied by 

a factor of 1.3, whereas PED’s hydrostatic test pressure is the design pressure multiplied 

by a factor of 1.43. Therefore, due to the differences of fabrication, testing, and hazard 

analysis and operating instructions, the pressure equipment designed per ASME must be 

met with additional requirements that satisfy PED. 

As mentioned above, it is obligatory for the manufacturer to fulfill the ESRs, 

such as the classification of fluids (toxicity, hazard, etc.), material restrictions added 

with ASME certified materials, and pressure testing based on EU standards. The 
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manufacturer must prove that the ESRs are met by submitting the technical data book to 

the PED Notified Body (NB), as stipulated by the European Parliament (1997). Three 

departments within the manufacturer, i.e., Engineering, Procurement, and Fabrication, 

must prove to the NB that the ESRs have been met (European Parliament, 1997). The 

Engineering department is required to submit the following to the PED Notified Body: 

1. The signed application for certification of the equipment

2. Technical Documentation for CE marking of Pressure Equipment

3. Fabrication Drawings and Design Calculations

4. Allowable stress comparison of the materials per ASME requirements with PED

requirements.

5. Pressure test calculations based on PED requirements (Bureau Veritas 1997)

The documentation from the above list can be found in Appendix C. 

 The application is a document addressing the overview of the equipment and the 

level of assessment by the NB for conformance to PED requirements. The Technical 

Documentation for CE Marking of Pressure Equipment is the document that addresses 

the information required to prove that the equipment is in compliance with the PED 

requirements.  Examples include, but not limited to:  

1. Description of the equipment and design calculations and conditions

2. Fabrication Drawings

3. Fluid hazard categories

4. Amount of conformance assessment required by the authorized third party

inspection agency
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5. List of solutions to address the ESRs (Bureau Veritas 2009) 

6. List of particular material appraisals (PMAs) 

7. PED approved welding procedures and welder qualifications 

8. PED approved NDE personnel (Bureau Veritas 2009) 

After completing the signed application and the Technical Documentation for CE 

marking, the complete fabrication drawings and design calculations were also prepared.  

The allowable stresses calculations and the PED pressure test calculations were also 

submitted with the first three documents.  After the intern submitted the above 

information, the PED inspector submitted the documentation to the NB in order to 

process this project as a new job in their system.  The intern released the job for 

fabrication to the procurement department for ordering the materials. Before the 

materials could be ordered by Procurement, the intern was required to complete the 

Particular Material Appraisals (PMAs), as shown in Fig. C.11 of Appendix C, which 

lists the ASME approved material and whether the materials’ mechanical and chemical 

compositions fulfilled the ESRs, as listed in the Technical Documentation for CE 

marking (Bureau Veritas 2009).  Not only were PMAs required, but the Material Test 

Reports (MTRs) were also necessary with the European Parliament expecting the 

manufacturer to prove that the MTRs meet European standards and that the material 

manufacturer is approved by the European body, which is shown in their Quality 

Assessment certificate (i.e. ISO 9001) (1997). The MTR must show that the material 

was produced while the manufacturer’s quality control procedures were approved by the 

NB. 
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Once complying with the above requirements, the Procurement department 

ordered the materials and upon arrival, production of the equipment is started. The PED 

inspector is required to be present at the shop for the weld startup. Therefore, the intern, 

the QC manager, and production were responsible for scheduling the PED inspector’s 

visit to the shop. The PED inspector verified if the welding by the qualified personnel is 

done per the PED approved welding procedures.  A document, known as the welder 

suitability checklist, outlines the qualifications of the welders and the procedures 

involved (Bureau Veritas 2009).  Figure C.12 of Appendix C shows an example of this 

document.  The PED inspector had to complete the inspection checklist to show as proof 

of his witness of the welding and documentation verification.  After that, the production 

continued and was completed so that the NDE and the hydrostatic testing were to be 

done.  While the PED inspector was not required to witness the NDE provided it was 

done by the PED approved operators, the hydrostatic test had to be witnessed and 

verified in the Inspection checklist, as shown in Fig C.13 of Appendix C (Bureau Veritas 

2009) 

After completion of the hydrostatic test, the European Parliament requires the CE 

Nameplate, as shown in Fig. 3.1, to be mounted on the equipment in the PED inspector’s 

presence, which shows the equipment has been stamped to PED certification (1997). 



43 

Fig. 3.1: CE Nameplate 

After the PED inspector completed the witness points, the equipment was 

successfully completed and shipped to the client.  The intern had to complete the 

Declaration of Conformity as part of the requirements by the PED inspector and the 

client, as shown in Fig. C.14 of Appendix C (Bureau Veritas 2009).  This document 

confirms the description of the equipment, as outlined in the Technical Documentation 

for CE Marking, and it has the statement of verification that the equipment is in 

compliance with the PED. The intern was required to sign and date it. After completing 
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the Declaration of Conformity, the PED inspector required the QC data book consisting 

of the technical documentation that backs the Technical Documentation for CE Marking. 

Not only the documentation mentioned previously was compiled, but additional 

documents were required for the data book, as shown in Fig. 3.2. 

Fig. 3.2: List for PED QC Data book 
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When the data book is completed and submitted to the PED inspector, it is 

checked and submitted to the NB for a final check and if approved, then the NB issues a 

Certificate of Conformance. The intern successfully received the documents from the 

NB for the spray chiller and condenser, as shown in Figs C.15 and C.16 of Appendix C.  

Based on the experience of the above project, the intern further got involved in other 

projects that successfully got PED certification, including the SX chillers that were sold 

to the same client.  But while the same client required PED certification of Isotherm 

equipment, the majority of that client’s equipment required DNV certification; therefore, 

the intern had the opportunity to get involved in the DNV certification of Isotherm’s 

products. 



46 

CHAPTER IV  

DET NORSKE VERITAS (DNV) CERTIFICATION 

The next objective in the record of study is related to the certification of Isotherm 

heat exchangers and pressure vessels according to DNV classification.  What is DNV 

and why is it important for Isotherm?   Originally DNV started as an insurance 

organization that established rules for Norwegian ships in the mid-eighteen hundreds 

(Det Norske Veritas 2015).  During that time, fishing was the main source of income for 

Norway, thus Norwegian ships were flourishing throughout the country (Heritage, n.d.)  

However, it was important for the country to set forth safety regulations for ships that 

operated in Norwegian waters, i.e., part of the North Sea (Det Norske Veritas 2015).  

After the industrial boom and two world wars, oil and gas were discovered in the North 

Sea, resulting in DNV’s preparation of safety standards in the marine area, which 

eventually turned into a major third party insurance agency for both marine and oil 

applications (Det Norske Veritas, 2015) 

Way Forward 

Isotherm has a major client in Norway, who purchases heat exchangers and 

installs them on packages that are sold to the owners of the fishing ships around the 

world.  Isotherm’s Quality Control (QC) Manager was leaving the company within two 

weeks at the time the intern arrived.  The outgoing QC Manager informed the intern that 

DNV only required the witness of the Weld Production Test (WPT) coupon of the heat 
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exchanger. This WPT coupon would ensure that the welders were meeting the 

requirements of the DNV approved WPS’s.  Besides the WPT coupon, the DNV 

surveyor’s witness of the pressure testing of the equipment is also an essential 

requirement.  Additionally, DNV informed the outgoing QC Manager that as long as the 

heat exchangers are designed and fabricated to ASME Section VIII, Division 1, and that 

if the company provides a conformity letter, similar to that of the Declaration of 

Conformity as required by PED rules as shown in Fig D.1 of Appendix D, then DNV 

will approve the heat exchangers and issue a Product Certificate. The Product Certificate 

is important since Isotherm’s client needs this certificate for their marine refrigeration 

package to show the DNV surveyors at the site that all the components of the package 

comply with DNV rules.  

The intern was informed by one engineer from the DNV office in Houston that 

DNV requires that materials, such as pipes, flanges, fittings, plates, must be from DNV 

approved mills (2015).  Most of the materials received from the mills were not approved 

by DNV, thus more correspondences from DNV were required in regards to dealing with 

non-DNV approved materials.  After several discussions, the intern understood that the 

materials must undergo traceability, which requires a surveyor to attend the facility in 

which a piece of material from the one ordered by Isotherm shall be stamped by the 

surveyor to prove that the material at the suppliers match with the MTR.   The surveyor 

then writes a report confirming the traceability.  After the stamping of the material, DNV 

expects the material sample must undergo chemical and mechanical tests (such as yield 

stress, tensile stress, Charpy impact tests) from a DNV approved testing laboratory 
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(2015).  If the tests meet DNV Rules, the material with the specific heat number, as 

shown in the MTR, will be DNV approved and can be used for fabricating any DNV 

certified equipment.  Based on the above requirements for DNV approved materials, the 

intern had to ensure that all these materials are acceptable for DNV.  Because most of 

the correspondences with DNV have been conducted by email and only based on the 

availability of the DNV contacts, the intern realized the necessity to meet the DNV 

contacts in the Houston office.  Both the intern and the new QC manager took a trip to 

Houston to clarify the procedures of certification with the DNV contacts.  Based on the 

meeting, the following was concluded: 

1. Design per ASME Section VIII, Division 1 

2. Procurement of materials shall be from DNV approved mills.  If material is from 

non-DNV approved mills, it must undergo traceability and testing in the presence 

of the DNV surveyor  

3. Weld Production coupon test shall be done at Isotherm in the presence of the 

DNV surveyor 

4. After fabrication, the DNV surveyor shall witness the pressure test of the 

equipment in which Isotherm can use the ASME requirements for pneumatic test 

(dry nitrogen test) since DNV Rules only covers hydrostatic (water) testing   

 

The intern, with the help and coordination of the new QC Manager, conducted 

the first three steps for a project that required full DNV approval.  The job reference is 

designated as Job 10074.   
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 During the pressure test phase, the DNV surveyor was informed that the raw 

plate materials used for fabrication did not meet DNV Rules for Ships, despite the 

materials being ordered from DNV approved mills.  The surveyor suggested that each 

plate required an additional DNV approved certificate, which is referred to as an NV 

certificate (Det Norske Veritas 2015).  This NV certificate is to prove that the plate 

material undergoing the production process was witnessed and approved by the DNV 

surveyor. This was the first time that the issue of a NV certificate for plate materials was 

addressed to Isotherm, at a time when the vessels in question were already built.  Since 

no further information about the NV certificate was provided by DNV and the delivery 

of equipment was near, both the intern and the QC manager took the risk of proceeding 

with the shipment of the equipment because the requirements as mentioned above were 

the only ones that the intern and Isotherm were aware at the time.  

 After the shipment of Job 10074, it was informed by the Norwegian client that 

two shipped projects, Jobs 10045 and 10046, did not have the DNV certificates and that 

Isotherm must inform DNV Houston about the status of these certificates. The intern had 

to push DNV Houston about the status and was informed by DNV Houston that no 

design approval was conducted by DNV.  As mentioned previously, DNV had informed 

Isotherm that as long as the equipment is designed and built to ASME Section VIII, 

Division 1, along with procurement of materials from DNV approved mills, weld 

production coupon testing and pressure testing in presence of the DNV surveyor, then it 

would meet DNV requirements, provided that a letter of conformity mentioning the 

above is submitted to DNV Houston.  A new requirement was first addressed to 
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Isotherm, thus compelled the intern to start the procedure by submitting the drawings 

and calculations for Jobs 10045 and 10046.  The DNV surveyor who reviewed the 

project required that the intern submit a QC data book of the shipped projects.  After 

several discussions with the intern having to show that some of the DNV rules were 

complied, it was concluded that the projects can proceed forward, provided that the 

verification by the DNV Quality Assessment team was done at the site.  After several 

months of intense deliberations, the DNV approved Jobs 10045 and 10046.  However, 

Job 10074, as mentioned above, was already completed and shipped before new 

correspondences about non-compliance of DNV were addressed.  The intern had to 

convince all of the personnel in DNV Houston and in the main headquarters in Oslo 

about the miscommunication in the beginning and that 10074, along with 10045 and 

10046, would be the last projects that would be designed to only ASME Section VIII, 

Division 1. After many months of discussions, Job 10074 was finally approved by the 

DNV Quality Assessment team, thus the DNV certificate was also issued.   

 Based on the above experiences the intern was compelled to return back to 

Houston to discuss with the DNV office about a new job (referred as Job 10080) so that 

in the future, no new surprises are presented during the production phase.  The intern 

created an Inspection & Test Plan (ITP) to present to DNV Houston (see Fig. D.2 of 

Appendix D) based on Isotherm’s procedures of design, procurement, fabrication, and 

testing and with the previous correspondences and project experiences with DNV.  After 

the meeting, it was agreed that the following shall be done prior to issuing a DNV 

Product Certificate for Isotherm equipment: 
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1. Submission of fabrication drawings to DNV Houston 

2. Calculations to be per DNV Rules for Ships, Pt. 4 Ch. 7, not ASME Section VIII, 

Division 1; however, ASME can be used if specific designs are not covered in 

DNV Rules 

3. Material procured shall be from DNV approved mills with the appropriate 

certificates.  If no certificate, then the DNV surveyors shall be present for the 

stamping of the material coupon 

4. Material coupon shall be tested mechanically and chemically in the presence of 

the DNV surveyor at a DNV approved laboratory 

5. WPT coupon shall be made in the presence of DNV surveyor at Isotherm factory 

6. Radiography shall be done and reviewed by DNV surveyor 

7. Magnetic particle testing of completed equipment and hydrostatic testing shall be 

done in presence of DNV surveyor 

8. DNV surveyor shall stamp on the nameplate the reference number which will be 

on the DNV Product certificate 

9. Isotherm shall compile the QC data book including all the above listed and 

submit to the DNV surveyor  

 The draft of the meeting can be found in Figs D.3 – D.5 of Appendix D.  As 

mentioned above, DNV requires that the calculations of the heat exchangers shall be per 

DNV Rules instead of ASME Section VIII, Division 1.  Therefore, the intern had to 

create the calculations per DNV Rules, which is found in Figs D.6 – D.8 of Appendix D. 
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 Following the above procedures, the intern applied the steps necessary for Job 

10080. After careful assessment and coordination with the Production and Quality 

Control and DNV, the project successfully met DNV Rules and a product certificate was 

issued, as shown in Fig. D.9 of Appendix D.  This was a major achievement for the 

company and the intern was highly lauded by the management. 

 

Result 

Based on the previous experience of non-compliance for Jobs 10045, 10046, and 

10074, along with the compliance of Job 10080, the intern was able to achieve an 

understanding of DNV certification of Isotherm equipment for future projects.  In fact, 

the Norwegian client issued a purchase order in 2012 for the patented SX chiller that was 

to be certified by DNV for the first time and successfully received the product certificate 

for that SX chiller, as shown in Figure D.10 of Appendix D. After the experiences of 

working with DNV to get the product certificates of Isotherm equipment, the intern 

successfully got Isotherm to be a DNV approved manufacturer, as shown in Figure D.11 

of Appendix D. The intern was able to get Isotherm to offer DNV equipment which 

proved to be useful since another client in the Northwest U.S. asked for DNV approved 

equipment which the intern successfully completed.  This entire exercise also proved 

useful since it will now pave way for opening business opportunities with other 

organization such as the U.S. Coast Guard or US flag fishing vessels that need to be built 

per DNV rules (Bernton, 2015)  
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This chapter and the previous two proved that the intern was able to get involved 

in the technical aspect of the internship, such as the design of the patented SX chiller, the 

PED and DNV certifications of Isotherm equipment.  While the intern had the 

opportunity to gain technical knowledge from the internship as required by the Doctor of 

Engineering program, the intern also had the opportunity to achieve management 

experience at Isotherm to fulfill the managerial requirement of the Doctor of 

Engineering program.  This aspect will be discussed in the next chapters.  
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CHAPTER V 

ENGINEERING MANAGER 

 

 The intern took the responsibility of Engineering Manager at Isotherm, Inc. as 

part of the first step of gaining managerial experience.  As outlined in Isotherm’s quality 

control manual, the Engineering Manager is responsible for the following: 

1. Initiating engineering folders for new jobs that include information such as job 

number, serial number and the National Board number  

2. Assigning the jobs to the mechanical designers for producing fabrication 

drawings 

3. Approving all drawings, design calculations, and material specifications in 

accordance with ASME Section VIII, Division 1 and other applicable codes and 

standards  

4. Coordinating with clients regarding approval of drawings 

5. Reviewing fabrication drawings and material requisitions prior to releasing the 

jobs for fabrication. 

 When the intern came to Isotherm, three mechanical designers were part of the 

engineering team. After receiving new jobs from the sales department, the intern would 

review the correspondences between the Sales department and the clients.  If anything 

beyond the standard practices of Isotherm were noticed, the intern as an Engineering 

Manager would list the extra requirements in the sales and engineering folders.  Upon 

the receipt of new jobs, the intern assigned a job number, serial number, and a national 
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board number for each job followed by assigning each mechanical designer the 

responsibility of creating top level (general arrangement) drawings as shown in Fig. 5.1 

below. 

 

 

Fig. 5.1: Top Level Drawing 

 

The intern had to submit the top level drawing for approval to the client and 

contact the client frequently for either full approval or any requested changes from the 

client.  If the client requested changes, the intern was responsible for immediately 

communicating with the responsible mechanical designer regarding the revisions of the 

drawing.  After the client fully approved the drawing, the intern required the mechanical 
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designer to generate detailed fabrication drawings.  Upon completion of the fabrication 

drawings, the intern reviewed and approved the drawings.  The intern then instructed the 

mechanical designers to release the jobs for fabrication.  As required by Isotherm’s QC 

Manual, the fabrication drawings were to be filed in the fabrication folder and stamped 

as “Shop Dwgs”.  Another set of drawings were to be stamped as “Office Dwgs”, and 

were to be kept in the engineering folder, along with the design calculations, which were 

performed in the software called PV Elite or Compress by the intern as shown in Fig. 

5.2. 

A green folder was to be kept in the engineering folder, which serves as a 

fabrication traveler.  This traveler consisted of the final inspection checklist, inspection 

checklist for the QC manager and the ASME authorized inspector (AI), a top level 

drawing (letter size) that serves as a weld map, the NDE (Liquid Penetrant) examination 

record, and the nameplate drawing; see Figs E.1 – E.5 of Appendix E.  The last 

document required is the material requisition list.  A typical sample is shown in Fig. 5.3. 
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Fig. 5.2: Sample page of the ASME Design Calculations in PV Elite
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Fig. 5.3: Material Requisition Form
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 The intern was responsible to check if the material requisition consisted of the 

correct materials as listed in the fabrication drawings.  Completion of the above tasks 

entailed completion of engineering work for the said job; however, the intern was at all 

times responsible for providing any clarifications to the production regarding the 

fabrication drawings.  Near the completion of the equipment, the intern was responsible 

for creating the data report, which serves as a certificate of the ASME equipment with 

the description and tests that have been conducted.  The intern and the QC manager had 

to ensure that the AI signs off the data reports prior to the required submission to the 

National Board.  The signed data reports are necessary for the clients at the field when 

providing the required documentation to their clients or site authorities; see Fig. E.6 of 

Appendix E.  These skills were applied for the creation of approval and fabrication 

drawings for the SX chiller.   

As shown in Fig. 5.1, the designer made the top level drawing of the SX chiller 

in AutoCAD, which was done by the designer and approved by the intern (initialed as 

A.A.) and the intern was responsible to verify if the chiller met the operational 

requirements, such as distribution pipe design and the location of the refrigerant inlets 

and outlets based on the client’s thermal design requirements.  While the intern had the 

above responsibilities of assigning jobs, along with approving, releasing, and creating 

the required paperwork for each job, he also had the opportunity to manage the 

engineering department, for example tracking the progress of each mechanical designer 

(Fig. E.7 of Appendix E shows the Engineering Time Sheet).  He was also responsible 

for providing training to any new designers and checking the drawings for accuracy and 
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compliance with ASME and Isotherm’s standard practices.  The intern had the 

opportunity to keep track of the performance of each designer.  During the year, the 

intern had the opportunity to discuss with each designer their progress and steps needed 

for improvement.  The intern also interacted with the Production Department if any 

changes had been incorporated by the client during the production phase.   

The intern also got involved in employees’ conduct issues.  One experience 

involved a designer who made frequent mistakes that resulted in the issuance of a 

warning letter by the intern to the employee.  Another case was with a different designer 

who, despite being skilled in the Auto-CAD software, had not been cooperative in 

regards to the intern’s requirements for work and had made issues regarding company 

policy, in spite of his signed acknowledgment of the policy. As a result, the intern had to 

release him for misconduct.  The fired employee filed for unemployment so the intern 

had the opportunity to discuss at length his case with the Texas Workforce Commission 

regarding the termination of the said employee. A well-presented case with all the 

written evidences resulted in a judgment in favor of the company. Another experience 

involved an employee who left the company to take up a job with a competitor.  The 

reason for his leaving was his feeling of not being rewarded for his skills, despite his 

unwillingness to discuss with the intern during his tenure.  This was a learning 

experience from a human aspect point of view and thus compelled the intern to be more 

careful in dealing with employees, both professionally and emotionally. The intern hired 

a new design engineer who had diverse management skills.  From the get go, the new 
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design engineer and the intern agreed to setting up a skilled engineering team with ample 

experience in pressure equipment design.   

Based on the above experiences, the intern was able to manage technical matters 

and also develop a grasp on human management skills.  The intern’s position as an 

Engineering Manager lasted for about three years until he moved on to the Sales and 

Applications Manager position, which is one more stepping stone to becoming an 

effective owner of the company.  
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CHAPTER VI 

FUTURE OWNERSHIP 

 

 The last objective is acquiring the responsibilities for future ownership, which 

involves the responsibilities of sales and applications. After completing the stint as 

Engineering Manager, the intern had the opportunity to change to Sales and Applications 

Manager. This experience was necessary for future ownership since the current 

ownership had been involved in this area since the start-up. The following 

responsibilities as Sales and Applications Manager are listed below: 

1. Receive RFQ’s from clients and offer Isotherm’s products based on clients’ 

requirements 

2. Follow up on RFQ’s  

3. Attend trade shows 

4. Travel to existing and potential clients 

5. Keep track of the financial matters 

 With the first responsibility of receiving RFQ’s, the intern received the quotation 

requests from the clients for pressure vessels and heat exchangers. The intern performed 

the calculations and the pricing, based on the proprietary software, and generated the 

quotation to the clients. One example was the case of a shell and tube flooded chiller for 

a cheese plant in New York. The client requirements are shown in Table 6.1. 
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Table 6.1 – New York Cheese Plant design parameters 

Parameter Value Unit 
Flow Rate 68 (300) M3/h (gpm) 
Capacity  176 (50) kW (TR) 
Brine Inlet Temperature -2.2 (28) C (F) 
Brine Outlet Temperature -4.4 (24) C (F) 
NH3 Suction Temperature -6.7 (20) C F 
 

 The intern successfully closed the contract for a 22” shell diameter by 12 ft. tube 

length chiller (with 12” NPS integral accumulator on top), as shown in Fig. 6.1. 

 

 

Fig. 6.1: Flooded Evaporator for Cheese Plant 

 

Another example is a vertical recirculation pressure vessel for a food plant in 

Illinois.  This vessel’s function is to separate liquid from a liquid/vapor stream and 

circulate liquid refrigerant through the evaporator coils in the cold rooms.  This is also 

commonly known as a pump recirculator vessel since the pump is required to facilitate 
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the recirculation effect.  However, the client required that Isotherm provide the complete 

vessel package instead of a bare vessel.  The intern coordinated with the client and 

received the following information as shown in Table 6.2: 

 

Table 6.2 – Illinois Food Plant vessel design parameters 

Parameters Values Unit 
Capacity  120 (34) kW (TR) 
Recirculation Ratio 3 : 1  

Suction Temperature -10 (14) C (F)  
Flow Rate 1.6 (7) m3/h (gpm) 
Type of Pumps, Quantity Nikkiso, 2  
 

Using this information provided by the client, the intern calculated and offered a 

recirculator package comprising a 20”shell x 8 ft. overall height.  The entire package 

also included all the necessary piping, valves, pumps, and various other components.  

The control panel was not included since the client intended to use its own PLC based 

control at the site.  Fig. 6.2 shows the completed package upon shipping.  Per 

confirmation from the client, the package is operating well. 
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Fig. 6.2: Completed Recirculation Package 

 

There were several other quotations that the intern worked on for clients, where 

some were awarded to the intern and some were not, but to keep the list less exhaustive, 

the above two examples proved the intern’s involvement in the application side of the 

business, which is one of the requirements for future ownership.  The intern had another 

responsibility that was to aggressively follow-up on quotations still in progress.  The 

intern experienced cases where the follow-ups resulted in purchase orders.  One example 

was a quotation for a heat exchanger for a brine under-floor warming application in 

North Carolina where the intern was awarded the purchase order due to frequent 

reminders to the client.  There were cases where purchase orders were not awarded to 
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the intern. The reasons include, but not limited to, the project being cancelled by the end 

user, the intern’s offered price and/or delivery did not satisfy the clients’ requirements, 

or the client’s lack of confidence in taking a risk in dealing with the intern.  Figure F.1 of 

Appendix F shows a quotation status template that the intern developed to keep track of 

the status of the quotes.  Despite the success and failures, the intern still worked on the 

quotations for different clients and assessed what problems had occurred that resulted in 

losing the project.   

It was also important for the intern to interact with the clients to understand their 

expectations of the equipment for their refrigeration packages.  This resulted in the 

intern attending various trade shows, such as Institute of Industrial Ammonia 

Refrigeration (IIAR). Various clients from U.S., Canada, and the rest of the world attend 

this show.  The intern attended the show as an exhibitor representing Isotherm, Inc.  

Various questions were asked by the clients at the show, such as delivery times for high 

pressure receivers, Isotherm’s experience in ammonia and carbon dioxide applications, 

and other related questions. The intern had the opportunity to discuss with clients about 

the advantages of SX chiller and how it could help meet their needs, such as lower 

charge, high efficiency, simple controls and easy oil management compared to other 

types of chillers as discussed in Chapter II.  This resulted in various clients consequently 

asking for quotations on SX chillers. In fact, a client in California placed an order for 

cooling wine that resulted in two SX chillers being designed, fabricated and shipped to 

the client, as shown in Fig. 2.18.  Both chillers are operating at full capacity and the end 

user is extremely happy, but the operational data had yet to be provided.  The intern 
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visited the site in October 2015 and met the contractor and the end user.  While the 

intern met current clients at trade shows and offices, he also met new clients and visited 

their offices.  After visiting the clients, the intern completed a sales visit report, as shown 

in Fig. 6.3 to keep track of the discussions between the intern and the client.  These visits 

at trade shows or at clients’ offices proved useful for the company since they opened 

new opportunities for Isotherm in regards to more business.  

 

 

Fig. 6.3: Sales Visit Report 

 

One such case was a client from Canada who despite attending the IIAR trade 

shows in the past had not heard of Isotherm, Inc.  The client discussed their issues with 

Isotherm’s competitors, in terms of delivery, thus the intern had the opportunity to meet 

the client in Canada several months later.  This opened the doors for new business, 
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especially in oil and gas projects, as the intern was pushing to move Isotherm into that 

area.  After several discussions, the intern worked on a quotation consisting of several 

pressure vessels and heat exchangers worth over $1,500,000.  The intern successfully 

received the purchase order from the Canadian client and the equipment was shipped 

several months later.  

During the course of the internship, the intern also had the opportunity to explore 

marketing strategies and to review the financials of Isotherm in order to prepare him for 

eventual ownership.  This required the intern to review the balance sheets, the pending 

invoices of clients, and the invoices from suppliers.  The intern also had the opportunity 

to call clients about past due invoices.  Besides client invoices, the intern coordinated 

with accounting about past due invoices with the suppliers and to confirm whether 

payments had been made.  Based on understanding the company books, the intern had 

the opportunity to keep track of the clients’ payment track history. One case was a client 

based in the Eastern part of the U.S., who was delinquent on payments, despite the 

original terms of payment as Net 30.  Another client had not done business in the past 

and had failed to provide credit references, thus compelling the intern to offer 50% down 

payment and remaining balance before shipment.  The intern also had the opportunity to 

track the amount of sales booked each month.  Monthly sales figures gave the intern an 

idea as to how to strategize and increase the booking volume.  For example, if sales were 

low for the current month, the intern reviewed and decided as to how many clients he 

had to visit and discuss about new opportunities.  
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With the experience of generating quotations, attending trade shows, meeting 

new and current clients, and tracking the financials of Isotherm, the intern had acquired 

the knowledge necessary for future ownership. 
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CHAPTER VII 

CONCLUSION 

 

During the course of this record of study, the intern had the opportunity to work 

at Isotherm, Inc. to fulfill the internship requirement for the Doctor of Engineering 

program at the Texas A & M University.  The main technical portion of the internship 

that the intern took part in was the design of the SX chiller. Under the direction of 

Isotherm, Inc.’s engineering supervisor, the SX chiller was designed so that it would 

work at a reduced refrigerant charge and at the same time be economical compared to 

what is currently available in the market.  With two successful operations in Norway and 

Ecuador, the SX chiller proved to be the next generation solution to greatly sought-after 

low charge systems.       

Besides the SX chiller, the intern accomplished in getting Isotherm’s equipment 

certified according to the PED and DNV classifications. Not only they are helpful for 

continuing business with the existing valuable client in Norway, Isotherm can penetrate 

further into the European markets that require pressure vessel equipment with these 

certifications.  With the above mentioned experiences, the required technical skills 

development was fulfilled. 

In addition to working on technical skills, the intern also worked on developing 

the managerial skills as required by the program.  Specifically, the intern earned the 

position of Engineering Manager for three years in which he managed a group of 
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designers and engineers and was responsible for reviewing and approving the 

engineering design of various types of equipment.   

After the experience gained as Engineering Manager, the intern was assigned to a 

position of Sales and Applications Manager, which consisted of sales management and 

marketing opportunities, to start the path for future ownership.   

 

Recommendations 

Since Isotherm is a small private company, resources are limited.  For example, 

the intern was the only person who frequently followed up on projects with clients, 

whereas the previous protocol had been that the project would be awarded only if the 

quotation had generated the client’s interest.  Consequently, opportunities for more 

business are impeded due to the limited amount of sales personnel; hence, this area could 

definitely improve by hiring new employees to the sales department.   

Furthermore, within most contracting companies, there are certain individuals 

who knew Dr. Zahid Ayub for many years, thus business generation is dependent on 

those individuals. For example, one project engineer working at a contracting company 

in the Eastern U.S. knew Dr. Ayub since they always met at the ASHRAE conference 

annually, whereas the rest of the project engineers within that same contracting company 

did not know Dr. Ayub nor about Isotherm’s capabilities.  For this reason, relationship 

building and marketing of Isotherm’s products and services are important for new 

business opportunities.  In fact, the case of the new Canadian client, who had no 

relationship with Isotherm in the past, is one example of how important it was to build 
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new relationships for future opportunities.  Moreover, the engineering supervisor and the 

intern were the only employees familiar with sales and applications, which can be a 

weakness since timely offers to clients are critical; therefore, more employees within the 

Sales and Applications department should be considered. 

The SX chillers were sold for marine refrigeration applications, as were the cases 

for the Norway test stand and the Ecuador fishing boats.  It is important to penetrate 

other markets, especially in food and beverage industries.  In the food and beverage 

plants, the most common chiller is a plate and frame-type chiller due to more compact 

design compared to shell and tube-type heat exchangers; however, the SX chiller can be 

a viable alternative to plate and frame as it offers less refrigerant charge, as indicated in 

Table 2.4.  This aspect is critical because low refrigerant charge is an important factor 

for food and beverage industries.  Based on feedback from clients who were offered the 

SX chillers for their applications, the food and beverage industry was not ready to adopt 

the new SX chiller in lieu of the plate and frame chiller due to their concern regarding 

limited operational history. Thus, upon availability of operational data for the SX wine 

chiller the apprehensions of adopting the SX chiller in the food and beverage industries 

can potentially be alleviated. 

While working as the Engineering Manager, the intern observed that most of the 

designers were not engineers.  This limited the performance of engineering, particularly 

in relation to ASME calculations.  As a result, projects could not be completed and 

released for fabrication without the intern’s review and approval.  While reviewing and 

approving the drawings and calculations, intern was also dealing with the clients with 
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regards to the approval of drawings. In addition, the intern was also dealing with 

clarifying the questions and comments that the production personnel had in regards to 

the fabrication drawings.  Subsequently, a design engineer was hired in order to assist in 

the ASME calculations and drawing reviews; however, the engineer lacked the initiative 

and was not up to the task.  Consequently, the intern continued to review and approve 

the engineering documentation.   

It should be noted that a number of additional improvements not mentioned 

above could in fact have been discussed, so the ones focused on are just examples. To 

summarize, as a potential owner of Isotherm, Inc., this internship had an eye-opening 

experience that will pave the way to recognizing areas of company’s strengths and 

weaknesses and therefore, establishing key long-term goals for Isotherm, Inc.  
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APPENDIX A 

ASME SECTION VIII DIV. 1 DOCUMENTATION 

 

Fig A.1: Example of Weld Procedure Specification (WPS) 
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Fig A.2: Example of Procedure Qualification Record (PQR) Page 1  
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Fig A.3: Example of Procedure Qualification Record (PQR) Page 2 
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Fig A.4: Example of Welder Performance Qualification (WPQ) 
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Figure A.5: ASME Data Report 
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APPENDIX B 

SX CHILLER DOCUMENTATION 

 

Per Clock Time (min) RSW Temp Out Suction Temp

10:37:33 7 15.3 15.3

10:38:33 8 15.2 7.5

10:39:33 9 8.2 5

10:40:33 10 6.4 4.6

10:41:33 11 6.1 4.2

10:42:33 12 5.9 3.4

10:43:33 13 5.9 3.1

10:44:33 14 5.9 2.7

10:45:33 15 5.7 2.3

10:46:33 16 5.5 1.7

10:47:33 17 5.2 1.1

10:48:33 18 4.9 0.7

10:49:33 19 4.7 0.5

10:50:33 20 4.6 0.3

10:51:33 21 4.4 0.1

10:52:33 22 4.2 0

10:53:33 23 4 0

10:54:33 24 3.8 ‐0.2

10:55:33 25 3.7 ‐0.2

10:56:33 26 3.4 ‐0.5

10:57:33 27 3.3 ‐0.7

10:58:33 28 3.1 ‐0.9

10:59:33 29 2.9 ‐1.1

11:00:33 30 2.7 ‐1.4

11:01:33 31 2.6 ‐1.8

11:02:33 32 2.4 ‐1.9

11:03:33 33 2.2 ‐2.4

11:04:33 34 2 ‐3

11:05:33 35 1.9 ‐3.2

11:06:33 36 1.7 ‐3.4

11:07:33 37 1.6 ‐3.6

11:19:33 49 ‐0.3 ‐3.8

11:20:33 50 ‐0.5 ‐3.9

11:21:33 51 ‐0.6 ‐4

11:22:33 52 ‐0.8 ‐4.1

11:23:33 53 ‐1 ‐4.2

11:24:33 54 ‐1.1 ‐4.3  

Fig B.1: Field Data for Norwegian SX Chiller 
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Per clock Time (minSuction T Star T Port T

10:50 0 17 18.3 18.2

10:52 2 13 17.9 17.7

10:55 5 9.5 17.1 17.1

11:15 25 7.8 15.5 16.1

11:30 40 6.8 14.4 15

11:45 55 6.1 13.6 14.2

12:00 70 5 12.6 13.4

12:15 85 4.2 11.9 12.7

12:30 100 3.4 10.7 11.7

12:45 115 2.7 9.9 10.9

13:00 130 1.9 9.1 10.1

13:15 145 1.1 8.3 9.2

13:30 160 0 7.6 8.5

13:45 175 ‐0.3 6.5 7.9

14:00 200 ‐0.6 6.1 7.2

14:15 215 ‐1.6 5.2 6.7

14:30 230 ‐2.3 5 5.9

14:45 245 ‐2.5 4.4 6.2

15:00 260 ‐2.9 4.1 5

15:15 275 ‐3.9 3.1 3.8

15:30 290 ‐4.4 2.7 3.5

16:00 320 ‐5 1.7 2.7

17:15 395 ‐5 0 0.5

17:30 410 ‐5.3 0 0  

Fig B.2: Field Data for Ecuador SX Chiller 
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APPENDIX C 

PED DOCUMENTATION 

 

 

Fig. C.1: PED Application to Notified Body 
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Fig. C.2: Page 1 of Technical Documentation for CE Marking 
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Fig. C.3: Page 2 of Technical Documentation for CE Marking 
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Fig. C.4: Page 3 of Technical Documentation for CE Marking 
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Fig. C.5: Page 4 of Technical Documentation for CE Marking 
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Fig. C.6: Page 5 of Technical Documentation for CE Marking 
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Fig C.7: Engineering Calculations approved by Intern 
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Fig. C.8:  PED Material Stress Analysis Page 1 
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Fig. C.9:  PED Material Stress Analysis Page 2 
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Fig. C.10:  PED Hydrostatic Analysis 
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Fig. C.11:  Fabrication drawing of Spray Chiller  
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Fig. C.12:  PED approved Particular Material Appraisal (PMA) 
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Fig. C.13:  Welding Procedure Suitability Checklist 
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Fig. C.14:  PED Inspection Checklist 
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Fig. C.15:  Declaration of Conformity 
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Fig. C.16:  Certificate of Conformity for Spray Chiller 
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Fig. C.17:  Certificate of Conformity for Condenser 
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APPENDIX D 

DNV DOCUMENTATION 

 

Fig D.1: DNV Old Conformity Letter 
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Fig D.2: Inspection & Test Plan for Job 10080 
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Fig D.3: DNV Pre-Production Meeting Report Page 1 



 

103 
 

 

Fig D.4: DNV Pre-Production Meeting Report Page 2 
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Fig D.5: DNV Pre-Production Meeting Report Page 3 
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Fig D.6: DNV Calculations   
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Fig D.7: DNV Product Certificate of Job 10080 
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Fig D.8: DNV Product Certificate for SX Chiller 
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Fig D.9: Approval of Manufacturer Certificate 
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APPENDIX E 

ISOTHERM DOCUMENTATION 

 

 

Fig E.1: Final Inspection Checklist 
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Fig E.2: Inspection Checklist 
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Fig E.3: NDE (Liquid Penetrant) Examination Record 
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Fig E.4: Weld Map Record 



 

113 
 

 

Fig E.5: Nameplate Drawing 
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Fig E.6: ASME Data Report 
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Fig E.7: Engineering Time Sheet   
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APPENDIX F 

SALES DOCUMENTATION 

 
 

 
 

Fig F.1: Quotation Status Template




