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1. Scientific results 2015 
Following the appointment of the (remaining) four PhD students at TU/e and TUD (see section 3) 
in the second half of 2015 a kick-off meeting was arranged on 17 November 2015 at TU/e to 
discuss with industry the scientific and technological challenges for the IPP 'Heat, Mass and Phase 
Transition in Dense Bubbly Flows'. The attraction of the final four PhD students at TU/e and TUD 
took unfortunately much more (half a year) time than initially anticipated. Before the kick-off 
meeting all industrial partners were invited to prepare a short presentation and address the 
following aspects i) expectations on the outcome of the programme ii) challenges encountered in 
their multiphase processes with heat, mass exchange and phase transitions iii) possible topics and 
timing for the foreseen traineeship projects of the PhD students.  
 
An important outcome of the kick-off meeting was the decision (reached by unanimity of the 
industrial partners) to incorporate in our IPP limited additional work towards bubbly flow 
behavior in highly concentrated ionic solutions. This additional activity will not influence the 
original research plans; AkzoNobel has provided a small additional budget to perform this 
scientific research at UT. 
 
During the kick-off meeting in addition the academic groups presented the scientific results 
obtained so far in 2015 (mainly applies for the UT projects since relevant PhD (Gvozdic) and PD 
(Almeras) projects started early 2015) and the research plans for the next half year (mainly applies 
for the TU/e and TUD projects due to delayed appointment of the four remaining PhD students). 
 
Sub-project 1: Fundamentals of heat transport in bubbly turbulent flows (UT, PhD Gvozdic): A 
novel hybrid experimental technique has been developed to perform precise local heat transfer 
measurements in turbulent bubbly flows (successful integration of a heat flux sensor with LDA). In 
addition the design of the Baby Water Tunnel has been completed to enable a detailed study of 
bubble induced heat transfer in dense turbulent bubbly flows. 
 
Sub-project 2: Heat transport in dense bubbly flows (UT, PD Almeras): All preparation steps 
have been completed to apply a (modified) Laser Induced Fluorescence (LIF) technique to local 
temperature measurement in dense bubbly flows. 
 
Sub-project 3: Mass transport in bubbly flows (TUD, PhD Mandalahalli): The PhD student 
started 15-11-2015 and is conducting a detailed literature study on suitable experimental 
techniques which can be used to study mass transfer in (very) dense bubble flows. It appears that 
non-invasive (i.e. probe) techniques need to be employed in this industrially relevant regime. 
 
Sub-project 4: DNS of mass and heat transfer in dense bubbly flows (TU/e, PhD Panda): As a 
first step a two-dimensional (2D) Front Tracking (FT) method embedding Adaptive Mesh 
Refinement (AMR) will be developed. Following verification and validation steps the AMR 
technique will subsequently be extended to three dimensions. Comparison with the outcome of the 
(experimental) sub-projects 1 and 2 is foreseen. 
 
Sub-project 5: DNS of phase transition in dense bubbly flows (TU/e, PhD Mirsandi): To enable 
the Direct Numerical Simulation (DNS) of two-phase flows with complex interface dynamics 
accompanied by phase transition (evaporation, boiling) a Front-Tracking method without 
connectivity will be developed. As a first step the method will be implemented in two dimensions 
and following detailed verification and validation steps the extension to three dimensions will be 
undertaken. Comparison with the outcome of the (experimental) sub-projects 1 and 2 is foreseen. 
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Sub-project 6: Large scale modeling of heat & mass transport and phase transitions in dense 
bubbly flows (TU/e, PhD Battistella): The main simulation method and computational 
framework has been identified. The basis hydrodynamic model based on the Euler-Lagrange 
approach is currently being implemented and tested. Extension of this model with scalar 
conservation equations (for mass and heat) is ongoing. 

 
2. Added value of the programme 
The added value of the programme is given by the fact that complex multiphase flow phenomena, 
of interest to several industrial partners, can be studied via concerted action (integrated approach) 
of three academic groups building on complementary expertise in their respective fields (theory, 
simulation and experiment) and a proven track of strong scientific collaboration. Moreover, for the 
PhD's and PD's it is stimulating to obtain direct feedback on their research results and plans from 
industry. 
 
3. Personnel 
In 2015 the remaining four vacant PhD positions were filled: three positions at TU/e: Battistella 
(September 2015), Panda (October 2015) and Mirsandi (November 2015) and one position at TUD 
(November 2015, Mandalahalli). 
 
4. Publications 
In view of the fact that the majority of PhD students started in October/November 2015 no 
publications were generated so far. 
 
5. Valorisation and outreach 
- 
 
6. Vacancies 
All the vacant positions have been filled meanwhile. In October/November 2015 the final four 
PhD students were appointed at TU/e and TUD and as a consequence our IPP now has acquired 
full momentum. 
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Fact sheet as of 1 January 2016 

 FOM – 13.2027/4 
 datum: 01-01-2016 
 
APPROVED INDUSTRIAL PARTNERSHIP PROGRAMME 
Number i36. 
  
Title (code) Heat, mass transport and phase transition in dense bubbly 

flows (DBF) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. J.A.M. Kuipers  
  
Duration 2014 – 2019 
  
Cost estimate M€ 1.6 
  
Partner(s) AkzoNobel, DSM, Sabic, Shell Global Solutions, Tata Steel 
  
Concise programme description 
a. Objectives 
The objective of the proposed programme is to study the fundamentals of heat & mass transport 
and phase transitions in dense bubbly flows, inspired by questions from the industrial practice, 
through a concerted action of three groups with a considerable expertise in the study of 
multiphase flows, with the aid of experimental, theoretical, and numerical techniques. 
Furthermore, we aim to educate people on a PhD level in the field of multiphase flows. 
 
b. Background, relevance and implementation 
Dispersed multiphase flows, i.e. flows with dispersed elements such as particles, droplets or 
bubbles, are frequently encountered in a variety of large scale manufacturing processes such as the 
large scale oil production and exploration, base chemicals and other products (polymers, fertilizers 
and detergents, to name just a few), as well as in cryogenic applications. Other examples involving 
multiphase flows include power production (combustion processes, electricity, and steam 
generation), natural and environmental phenomena (dune formation, sediment transport in rivers 
and coastal areas, and dispersion of pollutants). Multiphase flows and the (possible) interplay with 
the mass and heat transport processes are unfortunately very poorly understood which for a large 
extent can be attributed to the complex flow structure prevailing at the macroscopic scale, i.e., the 
scale of the process equipment. As a direct consequence thereof the design and scale-up of these 
processes is extremely cumbersome in practice (requiring extensive and time consuming 
experimentation). 
Up till now practically all research on dispersed gas-liquid flow systems has focused on low 
volume fraction, homogeneous bubbly flows excluding the interplay between heat & mass 
transport and phase transitions in dense bubbly flows. However, in industry gas-liquid flow 
systems are not operated in the homogeneous flow regime, but rather in the heterogeneous flow 
regime, which is characterized by the presence of a distribution of small and big bubbles, resulting 
from the interplay between turbulence, coalescence and breakup. Furthermore, the complex heat 
and mass transport in heterogeneous bubbly flow systems, in particular in the presence of phase 
transitions, is not well understood. 
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Given the urgent need from industry, it is proposed (after consultations with the industrial 
partners) to focus on bubbly flows at high void fraction involving heat & mass transport and phase 
transition. This implies that we will focus on systems in heterogeneous flow regimes that typically 
arise at high superficial gas velocities. The scientific challenges can be summarized in terms of the 
following questions: 
− What is the mass and heat transfer in heterogeneous bubbly flow, i.e. how do bubble swarm 

effects influence heat & mass transport and phase transition? 
− What is the effect of heat & mass transport and phase transitions on the large scale system 

behaviour (flow structure, hold-up, large scale circulation patterns)? 
− What are the combined effects of scale of operation (column diameter) and operating conditions 

on the hydrodynamics (flow structure, hold-up, large scale circulation patterns, coalescence and 
breakup)? 

 
Funding 
salarispeil cao per 01-07-2016 

bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 56 56 56 56 56 - - 280 

FOM-basis investeringen - - - - - - - - 

Doelsubsidies NWO 500 - - - - - - 500 

Doelsubsidies derden          
- AkzoNobel 
- DSM 
- Sabic 
- Shell Global Solutions 
- Tata Steel 

60 
54 
54 
54 
58 

30 
27 
27 
27 
29 

30 
27 
27 
27 
29 

30 
27 
27 
27 
28 

- 
27 
27 
27 

- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

150 
162 
162 
162 
144 

Totaal 836 196 196 195 137 - - 1.560 
*) In afwachting van de ondertekening van het contract tussen de betrokken bedrijven en FOM blijven de toegekende 

middelen geblokkeerd. 
 
Source documents and progress control 
a) Original programme proposal: FOM-13.1234 
b) Ex ante evaluation: FOM-13.1698/D, FOM-13.1809 
c) Decision Executive Board: FOM-13.2026 
d) Contract: FOM-14.0248 
 
Remarks 
The progress of the programme will be reported and presented bi-annually to the users committee, 
which consists of representatives of the involved industrial partners. In addition, workshops will 
be organised in consultation with the industrial partners on topics of interest for the programme. 
Staff exchange is planned both for the academic and industrial researchers to optimize knowledge 
exchange. The programme committee is responsible for the monitoring of the progress of the 
programme. Proposals for changes in the programme content and/or budget have to be granted 
by the steering committee. The chair of the programme committee acts as the programme leader. 
The final evaluation of this programme will consist of a self evaluation initiated by the programme 
leader and is foreseen in 2019. 
 vH par. HOZB 
Subgebied: 100% FeF 
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Historical overview of input and output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2015 - 0.9 2.0 - 221 
 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2015 - - 2 - 
* After closing the financial year. 
 
 
PhD defences 
2015 
None. 

 

 
 
Patents (new/changes) 
2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-67 

Leader Prof.dr. R.F. Mudde 
Organisation Delft University of Technology 
Project leader(s)  
Project (title + number) Mass transport in bubbly flows (14DBF03) 
 
FOM employees on this project 
Name  Position Start date End date 
M.M. Mandalahalli PhD 1 November 2015 31 October 2019 
 
 
Workgroup FOM-E-25 

Leader Prof.dr.ir. J.A.M. Kuipers 
Organisation Eindhoven University of Technology 
Project leader(s)  

Project (title + number) Direct numerical simulation of mass & heat transfer in dense bully 
flows (14DBF04) 

 
FOM employees on this project 
Name  Position Start date End date 
A. Panda PhD 1 September 2015 31 August 2019 
 
 
Leader Prof.dr.ir. J.A.M. Kuipers 
Organisation Eindhoven University of Technology 
Project leader(s)  

Project (title + number) Direct numerical simulation of phase transitionsin dense bubbly 
flows (14DBF05) 

 
FOM employees on this project 
Name  Position Start date End date 
H. Mirsandi PhD 1 November 2015 31 October 2019 
 
 
Leader Prof.dr.ir. J.A.M. Kuipers 
Organisation Eindhoven University of Technology 
Project leader(s)  

Project (title + number) Large scale modelling of heat & mass transport and phase transitions 
in dense bubbly flows (14DBF06) 
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FOM employees on this project 
Name  Position Start date End date 
A. Battistella PhD 1 September 2015 31 August 2019 
 
 
Workgroup FOM-T-03 

Leader Prof.dr. D. Lohse 
Organisation Twente University 
Project leader(s)  
Project (title + number) Fundamentals of heat transport in bubbly turbulent flow (14DBF01) 
 
FOM employees on this project 
Name  Position Start date End date 
B. Gvozdic PhD 1 January 2015 31 August 2018 
 
 
Leader Prof.dr. D. Lohse 
Organisation Twente University 
Project leader(s)  
Project (title + number) Heat transport in dense bubbly columns (14DBF02-1) 
 
FOM employees on this project 
Name  Position Start date End date 
E.O. Almeras WP/T 1 February 2015 31 January 2016 
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