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Introduction 
The Pressurized Water Reactors (PWRs) 
were originally developed for naval 
propulsion purposes, and then adapted to 
land-based applications. It has three 
separate cooling systems: the reactor 
coolant system, the steam generator, and 
the condenser. The reactor heats the 
water that flows past the fuel assemblies. 
Water from the reactor is then pumped 
to the steam generator through tubes. 
Coolant water absorbs the heat from 
these steam generator tubes, and 
converts into steam. Steam generators 
for the PWR design are shell and tube 
heat exchangers with high-pressure 
primary water passing through the tube 
side and lower pressure secondary 
feedwater as well as steam passing 
through the shell side.  

Larger heat exchanger interface can 
dramatically increase heat-exchanging 
efficiency. Any improvement in the 
efficiency of the heat exchanger and 
reduction in their size would therefore 
directly translate into the economic 
benefits. Using micro-fabrication 
techniques, microstructures (micropin-
fins) can be fabricated around the tubes 
in the heat exchanger of PWR to 
increase the heat-exchanging efficiency 
and reduce the overall size of the heat-
exchanger for the given heat transfer 
rates. Combined with high fidelity 
simulations of the thermal transport in 
the entire system, optimal design of 
microstructure patterns and layouts can 
be worked out pragmatically. 

Problem Description 
Boiling Heat Transfer at Microscales 
During boiling, the formation and 
departure of vapor bubbles from the 
heated surface involves the physics from 
nano/micro level to the macro level [1-
4]. It is possible for the micrometer sized 
pinfins fabricated at PWR heat 
exchanger pipe surface to have multi-
faceted beneficial impacts on overall 
heat transfer efficiency.  These impacts 
include:  

(1) Due to the high surface to mass 
ratio of the microstructures, the micron 
sized pinfins/other patterns on the pipe 
surface will dramatically increase the 
heat transfer surface area. In addition, 
they provide nucleation sites for the 
boiling heat transfer. 
(2) Since the turbulent flow has 
better convection heat transfer than 
laminar flow does, the possible 
boundary flow pattern changes from 
the laminate flow to the turbulent flow 
caused by surface microstructures as 
well as bubbles departing during 
boiling process, which will enhance 
the overall heat exchange and its 
efficiency. 

Since the thermal conductivity of vapor 
phase is much smaller than that of liquid 
phase and the steam generation is a key 
process in PWR, the boiling processes 
play a very important role in total heat 
efficiency. Properly patterned 
microstructures on the pipe in the steam 
generation zone should create more 
nuclei for bubble to form and result in a 



reduced average bubble size and shorter 
retention time, i.e. the time for the vapor 
phase sticking on the pipe surface. The 
smaller average steam bubble size and 
shorter bubble retention time will 
enhance the overall thermal efficiency 

 
Fig. 1 Schematic of inline arrangement 
of micropin-fins on the exterior surface 
of heat exchanger tubes. 
Computational Problem Details 
As a preliminary step, a simple 
computational model was generated 
using a commercial package 
GAMBITTM. The heat conduction in the 
solid is solved using transient heat 
conduction equation using a commercial 
package FLUENTTM. A periodic 
arrangement of micropin-fins containing 
four in-line cylindrical fins (Fig. 1) was 
modeled. Material properties of the 
metal were selected corresponding to 
Nickel and the fluid was selected as 
water. For the preliminary calculations, 
the far field coolant temperature was set 
at 300K and the fin base temperature 
was set at 370K. The governing 
equations for the mass, momentum and 
energy transport were solved in the fluid 
in a conjugate heat transfer mode. The 
results were presented for a case with the 
quiescent fluid surrounding the 
micropin-fins. The computational mesh 
comprised of unstructured arrangements 
of around 100,000 tetrahedral finite 
volumes. 
Results and Discussion 

For the steady state, temperature 
distribution is expected to be mostly 

linear in the quiescent surrounding fluid 
conditions (Fig. 2). In the future, several 
studies will be conducted to simulate 
different geometric arrangements, 
different fin cross-sections, and realistic 
operating conditions including phase-
change with boiling by adding 
complexities in simple steps. 

 
Fig. 2 Contours of temperature field 
around four micropin-fins. 
Conclusion 
Boiling at microscales is a challenging 
problem for the computational models as 
well as the resources. A hierarchical 
methodology is needed to incorporate 
the nano/microscale physics with the 
macroscale system performance. 
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