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Throughout its long history, Mitsubishi Heavy Industries, Ltd. (MHI) has provided reliable 
products with high-performance to the world across 30 business domains. Today, as each product 
becomes established and global competition intensifies, a unified design platform that mutually 
shares the strengths of these independent businesses is essential to further enhance product value. 
However, realizing such a platform has been difficult up to now due to differences in shape 
definition and modelling methods between products. To address these challenges, MHI has 
developed algorithmic design technology that can generate 3D shapes using flexible shape 
definition algorithms and optimize product shapes in coordination with analysis, leading to 
improvement in product value in the infrastructure, energy, and transportation fields. This report 
presents the advantages of this platform and case studies of implementation. 

  

|1. Introduction 
As a conglomerate with a long history and 30 business domains, Mitsubishi Heavy

Industries, Ltd. (hereinafter referred to as MHI) possesses product development expertise and a
proven track record across thousands of products (1). In addition to sharing and standardizing
development processes across its products, MHI is pursuing efforts aimed at further enhancing
product value through an optimized design process capable of handling a wide range of
components across multiple technical fields. 

As shown in Figure 1, MHI has been promoting cross-domain collaboration in recent years,
such as establishing a Shared Technology Framework and Innovative Total Optimization (ITO) (1). 
However, in the product development process, differences in shape definition and modelling
methods between products have become issues which make covering MHI's broad product
portfolio solely by commercially available design platforms difficult. Requirements for the design
platform include the following. 

- Integration of internal and external analysis tools that have been validated over many years
- Flexible shape definition and 3D model generation regardless of product type or

complexity
- Analysis using multiple physical models including fluid mechanics, thermodynamics,

structural mechanics, and vibration mechanics
- Compatibility with the product development process, and completion of design review

within a few months.
To address these challenges, MHI has developed a design platform utilizing algorithmic

design. Originally developed for the architectural field, algorithmic design faithfully reproduces
shapes from point (0D) to volume (3D) data using user-defined algorithms and directly converts 3D
models into inputs for analysis tools through labeling (Figure 2). To develop algorithmic design
workflows, the Rhinoceros/Grasshopper environment by Robert McNeel & Associates (2) was used. 
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This platform is applicable to a wide range of products, such as turbomachinery, ships, and
drones, and can be used in coordination with analysis processes utilizing multiple physical models.
Representative examples of its application to MHI's design process are shown in the following
sections. 

 

Figure 1  Product value enhancement by ITO  

 
Figure 2  Algorithmic design workflow 
 

|2. Automation of labor-intensive complex product shape definition 
The shape of a ship's hull is composed of three-dimensional free-form surfaces, with 

complex specifications. 
MHI's conventional method to generate hull shape involves manually adjusting the position

of a large number of control points that define freeform surfaces. Consequently, a significant
amount of time is required for shape definition, which limits the number of optimization cases that
can be evaluated by CFD analysis within the limited development period. To address this
challenge, a process for hull shape definition that utilizes algorithmic design has been established. 

The developed process defines hull shape using several dozen parameters that represent the
shape of the bow and stern, in addition to key hull dimensions such as overall ship length, beam,
and draft (Figure 3). By incorporating MHI design expertise, hull shapes that satisfy design
requirements such as displacement can be generated. 

Figure 4 compares the time required for hull shape definition and CFD analysis results for
designs generated by the conventional method and by algorithmic design. 

Time required to create hull shape using algorithmic design is approximately 80% less than
conventional methods. Furthermore, according to the CFD analysis results, no significant
differences in wave height distribution characteristics (such as height and distribution form of
waves generated by the bow and stern, and the angle of waves generated at the bow) between the
two designs are observed, providing the prospect of replacing conventional tools with algorithmic
design. 
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Based on the above, a path that contributes to broader and faster exploration of hull shapes 
that maximize propulsion performance by using algorithmic design has been established. 

 

Figure 3  Rapid hull shape definition using algorithmic design  

 

Figure 4  Reduction in hull form design lead time with algorithmic design 
 

|3. Improvement in overall efficiency of multiple components 
One measure to prevent efficiency degradation due to leakage from the gaps between rotating

and stationary components in turbomachinery (such as power generation gas turbines, steam
turbines, aircraft engines, and industrial centrifugal compressors) is the honeycomb labyrinth seal,
which consists of a labyrinth seal on the rotating side and a honeycomb land installed on the
stationary side. The honeycomb land is employed to ensure strict clearance control, weight
reduction, and high durability against wear during operation. 

Modeling the honeycomb land is time-consuming due to its complex shape, and therefore,
cases (3) where its shape was simultaneously optimized with the matching labyrinth seal from the
perspective of improving aerodynamic performance are limited. However, a previous in-house case 
study (4) of such optimization was generalized by algorithmic design and expanded to other
products. By parametrically defining the shapes of both the labyrinth seal and the honeycomb land
and performing CFD analysis on a vast number of combinations, an optimal shape could be
determined (Figure 5). 

Leakage flow rate of the optimized shape shown in Figure 6 is reduced by 21.7% compared
to the base shape. Characteristics of the optimized shape include fin thickness approximately five
times the seal clearance, honeycomb cell width slightly smaller than the fin thickness, and slanted
cells. 

The leakage reduction mechanism of this design can be explained by the following three
points: 

- Increased fin thickness ensures that each fin imposes more than twice the number of flow
contractions. 

- Enlarged honeycomb size increases the distance between flow contractions, providing
sufficient length for the leakage jets from the upstream fin to decelerate before reaching
the downstream fin. 

- The slant of the honeycomb cell captures leakage flow within the cell, inducing flow
separation downstream of the cell, thereby amplifying flow contraction. 

In this way, by incorporating algorithmic design, the shapes of multiple components are
simultaneously optimized to minimize leakage and achieve high efficiency. 
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Figure 5  Simultaneous optimization of labyrinth seal fin shape and honeycomb land shape 
using algorithmic design  

 

Figure 6  Leakage reduction mechanism of simultaneously optimized shapes 
 

|4. Evaluation of aerodynamics and blade vibration strength for
axial turbine blade shape and exhaust casing 
In the marine turbocharger industry, competition on performance has intensified against the

backdrop of heightened economic expectations for the adoption of new fuels. Consequently,
improving not only rotating components such as blades but also stationary components with
complex three-dimensional shapes has become important. Furthermore, structural requirements
such as vibration strength must be met at all resonance points within the operating range, with the
goal of satisfying the established criteria. 

In conventional design, manual tasks such as 3D model development create a bottleneck,
preventing sufficient efforts toward shape optimization. In response, algorithmic design is applied
to model the rotor blades and exhaust casing of a marine turbocharger axial turbine rapidly and
automatically. Specifically, rotor blade throat distribution and diffuser shape are optimized to
increase overall efficiency under low-load conditions where performance improvement is crucial,
and the stator vane shape was optimized to minimize vibration stress in higher-order modes 
(Figure 7). 

Optimization results are summarized in Figure 8. Overall efficiency under low-load 
conditions improves by 0.49% compared to the base case. The optimum rotor blades show a
W-shaped throat distribution which increases flow velocity at the end wall and suppresses
separation, leading to uniform deceleration within the diffuser section where the area ratio
increases. This maximizes static pressure recovery in the diffuser section, leading to improvement
in overall efficiency (5). Furthermore, regarding vibration strength, excitation force is suppressed
with an intake-side lean and inverse-bowing of the stator vanes, reducing vibration stress from
problematic modes by up to 78%. This occurs as the exit angle increases at the mid-span height of 
the stator vane, widening the gap with the metal angle, and reducing the peak Mach number,
thereby suppressing primary excitation sources, shock waves and wakes. 
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In this way, by simultaneously evaluating aerodynamic performance and vibration strength
for a vast number of shapes generated by algorithmic design, rapidly designing products that
achieve both high efficiency and high reliability has become possible. 

Figure 7  Simultaneous optimization of marine turbocharger turbine and exhaust diffuser 
using algorithmic design 

Figure 8  Results of simultaneous optimization of aerodynamics and vibration strength 

|5. Application to new product development through agile 
methodology 
In today's rapidly changing market environment, development of new products and

technologies that respond quickly and flexibly to market needs is required. Consequently, it is
important to adopt a product development process using an agile methodology that enables smaller,
faster hypothesis verification cycles. 

MHI has proposed, as a new product, an industrial drone to assist or replace human workers
performing high-altitude work on steel towers, bridges, and similar structures, with a propulsion
system configuration that features a ducted fan, based on a compact, high-thrust, and highly safe 
design concept. MHI is currently conducting research and development for its Proof of Concept
(PoC). This drone can operate under various conditions, including hovering in no-wind (stationary 
position in the air) or crosswind conditions, and in descent conditions. As a result, a process
utilizing algorithmic design to generate duct shapes based on design parameters and CFD analysis
to evaluate performance under various conditions was established to optimize the shape, resulting
in a robust, high-performance duct shape (Figure 9). 

Consequently, compared to the initial shape, the optimized shape exhibits a 13% reduction in
lateral force, with a 1% increase in thrust under no-wind conditions. A comparison of flow fields
under crosswind conditions, where significant improvements are observed between the initial and
optimized shapes is shown in Figure 10. As shown in the velocity distribution, the initial shape
exhibits a strong negative pressure region at the duct lip, where rapid acceleration followed by
sudden deceleration occurs, causing flow separation on the inner circumferential side of the lip.
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This generates lateral drag, leading to an increase in lateral force. On the other hand, the optimized
shape features a thicker duct lip with less curvature which reduces the local negative pressure
region, which in turn moderates flow acceleration and deceleration and eliminates the separation
region. As a result, a significant reduction in the lateral force is achieved (6). Based on this 
optimized shape concept, a prototype drone was constructed and outdoor flight tests were
conducted, confirming stable flight and feasibility of the concept. 

For new product development such as this, rapidly executing hypothesis-verification cycles 
is important. Utilization of the algorithmic design is confirmed to be effective for this purpose. 

 

Figure 9  Agile development of industrial drone using algorithmic design  

 

Figure 10  Ducted fan for industrial drones optimized for multiple operating conditions 
 

|6. Conclusion 
The introduction of algorithmic design has enabled the enhancement of product value for

infrastructure, energy, and transportation products within their development cycles. Furthermore,
optimization through the simultaneous consideration of multiple metrics is made possible by
combining multiple dynamics models. MHI will broaden the application of this technology to the
development of various products and combine the strengths of even more products to create
high-performance products that deliver maximum value to customers. 

References 
(1) Mitsubishi Heavy Industries Ltd., Accelerating MHI's growth through innovation and optimization,

https://spectra.mhi.com/smart-infrastructure/accelerating-mhis-growth-through-innovation-and-optimizati
on 

(2) Robert McNeel & Associates, Rhino - Rhinoceros 3D, https://www.rhino3d.com/ 
(3) Chougule, H. H. et al., Low Leakage Designs for Rotor Teeth and Honeycomb Lands in Labyrinth Seals,

ASME Turbo Expo 2008, GT2008-51024 
(4) Kuwamura, Y. et al., Development of New High-Performance Labyrinth Seal Using Aerodynamic

Approach, ASME Turbo Expo 2013, GT2013-94106 
(5) Dasadhikari, K. et al., Aerodynamic Optimization of an Axial Turbine Blade and Diffuser, ASME Turbo

Expo 2024, GT2024-124695 
(6) Kuwamura, Y. et al., Optimal Shape Design of Ducted Fan Using Parametric Modeling CFD Analysis,

Proceedings of the Fluids Engineering Conference 2024, OS07-26  

https://spectra.mhi.com/smart-infrastructure/accelerating-mhis-growth-through-innovation-and-optimization


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


