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Static Mixer Heat Exchangers / Melt Coolers / Stamixco SMH-X 
  
Heat transfer and flow in static mixer heat exchangers 
Static mixer heat exchangers are primarily used in continuous processes for heat transfer, 
mixing, and as reactors. The simplest apparatus for this purpose is the double-jacketed tube. 
However, only small quantities of product can be processed in a single tube, and long lengths 
with significant pressure drop are required to achieve a sufficient heat exchange surface. 
These heat exchangers for small quantities (up to a few hundred kg/h) are usually designed as 
double-tube heat exchangers in a cascade configuration.  
 
Double-pipe heat exchanger in cascade design with helical mixing  
elements. For larger quantities, however, shell and tube heat ex- 
changers are required.  
But the High-End only Solution is the Stamixco SMH-X Heat-Ex- 
changer with highest surface and shortest dimensions for laminar  
Fluids, such as Polymers, Rubbers, etc.:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stamixco SMH Polymer Cooler 
 
In many cases, these Shell&Tube heat exchangers can also be used without problems for 
viscous products with laminar flow. The static mixing elements allow for very compact and 
economical units, and the increased pressure loss compared to an empty tube is easily 
compensated by the advantages of increased heat transfer. The continuous cross-mixing and 
the narrow residence time distribution of the static mixing elements have a positive effect on 
product quality or turnover, especially when chemical reactions occur simultaneously with the 
heat exchange.  
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These reactions can be desirable (e.g. polymerization) or undesirable  
(e.g. degradation). The static mixer heat exchangers can be calculated according to the 
standard principles for heat exchangers. 
 

The transferable heat quantity is given by:  Q̇ = kAlm        1) 

 

and the heat balance is given by:   Q̇ = ṁ1cp11EA  = −ṁ2cp22EA   2) 
 
The most important parameters for the design of the equipment are the heat exchange surface 

area A, the heat transfer coefficient k, and the mean temperature difference lm . With laminar 
flow, the heat transfer coefficient α on the product side is low compared to turbulent flow on 
the service side, and therefore k ≈ α. To ensure this condition is met, the heat exchanger must 
also be carefully dimensioned on the service side. This applies in particular to the flow rate of 
the heat transfer fluid and the flow velocity or flow guidance through baffles. 
 
By using static mixing elements in heat exchanger tubes with laminar flow, the product is 
continuously and selectively redistributed from the heated or cooled wall to the center, 
resulting in a uniform temperature distribution with a steep gradient at the wall. This 
significantly increases the heat transfer coefficient α on the product side, regardless of the 
tube length. In contrast, laminar flow in an empty pipe results in a parabolic temperature profile 
and a corresponding velocity distribution. The uneven distribution of velocity and temperature 
becomes increasingly pronounced with increasing pipe length. Cross-mixing, as occurs in 
turbulent flow, does not take place, and heat transfer deteriorates with increasing pipe length. 

 

  
 
 
 
 
 
 
 
 
 
Velocity and temperature profile in an empty pipe (blue) and with static mixing elements (red) 
 
The heat transfer coefficient α is calculated from the mean Nu and Pe values. For the empty 

pipe with the length L, the following applies 1:  

Nu = (3.663 + 1.6153Pe 
d

L
)

1/3
 with  Nu =

αd

λ
  and  Pe =

vd

a
     3) 

 
By using static mixing elements, which are particularly suitable for heat transfer in laminar 
flow, continuous cross-mixing and temperature equalization are achieved, resulting in quasi-
piston flow with only a moderate increase in pressure loss. This increases the heat transfer 
coefficient by a factor of 4 to 10 compared to the empty pipe, regardless of the pipe length. 
 

The heat transfer coefficient for pipes with static mixers is calculated using the formula 2: 
 

Nu = a Pe1/3(
η

ηw
)m          4) 

 

The constant a depends on the geometry of the mixing elements and is generally larger the 
higher the pressure drop of the mixing elements. 
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Nu number vs. Pe 
number for various 
static mixers, heat 
exchangers, and 
empty pipes (LEP) 

 
 
 
 
 

The pressure drop for laminar flow on the product side is given by 3: 
 

p = KL 
ηvL

d2        5) 

 

For the empty tube and laminar flow, KL = 32. With mixing elements, the value of KL increases 
by the pressure drop factor z, depending on the geometry factors of the selected mixing 
elements. 
 
Another desirable property of heat exchangers with static mixers in laminar flow is the narrow 
residence time distribution, or, in combination with the uniform temperature distribution, the 
uniform temperature-time profile. This behavior reduces product damage due to degradation 
or other undesirable reactions and enables high-yield reactions in plug-flow. During a product 
change, the old product is expelled almost immediately, similar to piston flow, and very little 
transition product is generated, without any cleaning. 
 
 
 

Residence time distribution 
(transition function F) for 
various flow tubes. 

 
 
 
 
 
 
 
 
The image shows the transition function during a product changeover for laminar pipe flow 
(LEP), piston flow (PF), and various Bo-values. For heat exchanger tubes with suitable static 
mixers, Bo-values of 50–100 m⁻¹ are typical. 
 
Even with short units, a Bo-value > 60 is therefore achieved. A complete product changeover 
thus takes less than 1.5 residence times, in contrast to laminar pipe flow. 
 
For decades, helical mixers have been preferred and are also used by Stamixco for laminar 
mixer heat exchangers in double-jacketed tubes or tube bundles. Despite the increased 
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pressure drop, such heat exchangers are very compact, economical, and gentle on the 

product due to the low temperature gradients and low shear. The shear rate γ̇ is 3: 
 

γ̇ = KG 
v

d
      6) 

 
For the empty pipe and laminar flow, KG = 8. With integrated mixing elements, the value 
increases depending on the geometry factors of the selected mixing elements, but remains 
low. Both the heat transfer and the pressure drop in the heat exchanger are influenced by 
viscosity effects. These effects arise because the thickness of the product layer on the heated 
or cooled wall depends on the viscosity and the temperature at the wall, respectively. During 
cooling, this layer becomes thicker, thus reducing heat transfer. The opposite is true when 

viscous products are heated. This is taken into account by the viscosity factor (
η

ηw
)m in Eq. 4. 

There are also products that can solidify at lower wall temperatures. In these cases, the wall 
temperature must not be reduced below this point; otherwise, the cooling effect no longer 
increases, and an increasingly thick, solid wall layer forms. 
 
The viscosity of most viscous products changes significantly (often exponentially) with 
temperature. This is particularly noticeable when cooling products in shell-and-tube heat 
exchangers, where a maldistribution occurs, with flow through only a few tubes and most 
tubes remaining almost or completely without flow. The reason for this is that the product in 
the tubes with high flow is barely cooled, and its viscosity remains low, while other tubes cool 
down considerably and their viscosity increases significantly. For a product with constant 
viscosity, the pressure drop increases linearly with the flow rate. Therefore, if the flow rate in a 
tube increases, the pressure drop also increases, and the flow rate decreases accordingly. 
The flow rate then corrects itself. However, if the viscosity decreases with flow rate due to heat 
transfer and increasing temperature, the pressure drop in a tube can decrease even with 
increasing flow rate. Suddenly, very different flow rates are possible in the parallel tubes of a 
shell-and-tube heat exchanger, and the problem is exacerbated because the behavior is no 
longer self-correcting. This significantly reduces the efficiency of the heat exchanger or can 
lead to a complete loss of function. The following image illustrates this behavior with an 
example of the calculated pressure drop versus flow rate in a shell and tube heat exchanger 
(RBWT) used as a product cooler. Similar behavior can occur due to viscosity changes caused 
by polymerization, degradation, or phase changes (degassing). In such cases, shell and tube 
heat exchangers must never be used! Stamixco has efficient tools to reliably calculate this 
behavior for a known viscosity function, thus avoiding errors. 
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Static Mixer Heat Exchanger SMH-X 
 
 
 
 
 
 
 
 
 
 
 
If there is a possibility of maldistribution,  
the static mixer heat exchanger SMH 
(Static Mixer Heat Exchanger) is precisely 
the right solution. This heat exchanger consists 
of coiled tubes within a shell. The coiled tubes are  
arranged to form static mixing elements with the  
well-known GXM structure. The product flows through 
this structure around the tubes and is continuously  
mixed, similar to a GXM mixer, while heat transfer occurs 
simultaneously. The service fluid flows within  
the coiled tubes. The flow direction of the service fluid can  
be co-current, counter-current, or cross-flow. The SMH  
eliminates the possibility of maldistribution because the  
product flows within the shell and not through parallel tubes.  
However, preventing maldistribution is not the only application  
of this highly efficient heat exchanger for viscous products. 
This apparatus was originally developed as a static mixer/reactor  
for polystyrene and patented in 1982. Since then, the SMH has  
been further developed in terms of design, manufacturing 
and application. 
The adjacent image shows a Stamixco  
mixer/heat exchanger SMH (vertical) with two removable  
tube bundles. Design pressure: 50 bar, design temperature: 300 °C 
To enable reactions with high heat of reaction to proceed under practically isothermal 
conditions, and to prevent run-away reactions, a high volume-specific heat transfer rate is 

required 2. 
Q/V̇

∆Tlm
=  

kA

V
      7) 

 
Thanks to the unique geometry of the SMH, a very large specific exchange area can be 
achieved by selecting the appropriate coil diameter d. The following image shows the trend of 
the specific exchange area A/V as a function of the coil diameter d for the SMH. 
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During this development, attention was also paid to a narrow residence time distribution (near 
piston flow) and good mixing, as in a GXM mixer. Reactors with a diameter of over 1 m and a 
height of over 10 m are possible. Besides polystyrene, these reactors are now used for many 
other reactions. SMH designs with design pressures up to 500 bar and design temperatures 
above 300°C are possible. Only later did the widespread application of this structure generally 
become established as a mixer/heat exchanger for viscous products. The fundamentals for the 
dimensioning of the SMH are very well researched and proven through many years of successful 
application. This contrasts with newer inventions that promise much but whose fundamentals 
are still poorly understood. Equations 4) and 5) also apply to the design, with different values 
for the constants when the outer diameter of the tube coils is used for d. The Nu number for an 
SMH tube coil with the same Pe number is also at least 4 times higher than for an empty tube. 
The specific heat exchange surface area of the SMH can exceed 100 m²/m³ and is adapted to 
specific requirements by selecting the appropriate coil diameter. Combined with the high heat 
transfer coefficient and large specific heat exchange surface area, volume-related heat 
exchange capacities of 10 to over  100 kW/m³K are possible. Stamixco possesses in-depth 
expertise in the design of SMH heat exchangers and has developed its own design software 
that ensures reliable and optimal dimensioning of the equipment based on customer 
specifications regarding material properties, temperatures, flow rates, pressure drop, design 
pressure and temperature, as well as other product and service-related parameters. The ability 
to freely select the coil diameter and bundle length or shell diameter allows for flexible adaptation 
to customer needs. Previously, it was necessary to limit equipment sizes and bundle lengths to 
a few variants to keep manufacturing costs manageable. Static mixers made of cast elements 
are also known, in which the mixer webs are hollow and through which a heat transfer fluid flows. 
These mixer heat exchangers, due to their manufacturing process, are also limited to a few 
variants. The heat exchange surface area is not freely adjustable and is smaller compared to 
the SMH (shell and tube heat exchanger). Thanks to project-specific drawing creation in 3D 
CAD systems and automated bending, welding, and manufacturing methods, Stamixco can offer 
optimal and individually tailored solutions with a large specific heat exchange surface area at 
competitive prices and delivery times for every application. Previously, the SMH was only offered 
for cost reasons when a shell and tube heat exchanger was not feasible. Depending on 
operating conditions such as design pressure and temperature, or other boundary conditions, 
SMH heat exchangers can often be more cost-effective than shell and tube heat exchangers 
today. Unlike shell and tube heat exchangers, expansion elements are also unnecessary 
because the SMH bundles can expand freely within the shell tube. 
 
Thanks to the narrow residence time distribution (Bo/L > 50 m⁻¹), the SMH is self-cleaning, and 
the SMH can be offered with not removable tube bundles as a welded design for most 
applications. Removing the SMH bundles is generally not recommended and is often impossible, 
for example, with plastic melts. When changing products, self-cleaning by the new product 
occurs after less than 1.5 residence times. Fouling on the coils does not occur with viscous 
products. This design is very cost-effective, especially at higher design pressures, because 
expensive and heavy flange connections are eliminated. For special requirements, such as ZIP 
cleaning of the bundles, removable bundles can also be offered. 
 
Permanently welded SMH 
With 2 tube bundles for high 
design pressure and temperature 
for fiber or extrusion lines. 
 
Cross-flow connection of the tube bundles 
Enables low pressure drop on the 
service fluid side. 
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Applications 
For over 40 years, mixer heat exchangers of the SMH type, as well as the use of helical 
mixers in double-jacketed or shell-and-tube heat exchangers, have proven their worth and 
become established in laminar flow and viscous products. Here are some examples: 
 

• Use as polymerization reactors for CPS, HIPS, PLA 

• Cooling/temperature control for polyester or fiber plants 

• Cooling of PS, PP, PE, or PET melts for foam extrusion (EPS, XPE, XPET) 

• Coolers for polyol 

• Coolers for starch 

• Coolers for silicone compounds and oils 

• Coolers for PUR sealants 

• Coolers for cellulose 

• Coolers for adhesives (filling systems) 

• Coolers for hot melts (filling systems) 

• Coolers for pastes, greases, fats, viscous chemicals 

• Coolers for rubber solutions 

• Coolers/temperature control in fiber or extrusion plants 

• Coolers and heaters in the food industry 

• Coolers for bitumen 

• Heaters for the degassing of polymer solutions 
 
The preferred application for static mixer heat exchangers are viscous products with laminar 
flow on the product side. However, there are also cases with turbulent flow on the product side 
where continuous, intensive mixing is required in addition to heat transfer. Static mixer heat 
exchangers can also be a suitable solution in these cases. 
 
 
 
 
Engineering and Manufacturing 
For over 40 years, the static mixer structures used by Stamixco, such as helical mixers or 
SMH mixer heat exchangers, have been successfully employed, particularly in laminar flow 
applications with viscous products. Stamixco has continuously maintained and improved its 
products and possesses reliable design and manufacturing methods as well as application 
know-how. To fully utilize the advantages of the excellent heat transfer of static mixer heat 
exchangers on the product side, the service side must also be carefully dimensioned. This is 
only possible with a single-source design, which Stamixco can offer. Newly developed 
reinforcement elements and the assembly of the SMH using coiled pipe panels result in 
unprecedented stability and resistance to high stress caused by pressure drops, even with 
very viscous products such as polymer melts. These elements are individually adapted to the 
specific requirements of each application. 
 
Stamixco works with experienced manufacturers in Europe, the USA, and China to produce 
the equipment and is able to offer complete units worldwide, compliant with stringent pressure 
vessel and heat exchanger standards such as AD2000, ASME/TEMA, or China Stamp. 
Alternatively, we also offer individual components and engineering services. 
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Symbols 
 
A   Heat transfer area 
a   Thermal diffusivity (λ/ρcp), constant in Eq. 4 

Bo  Bodenstein number (vL/Dax) 
cp   Specific heat 
d   Pipe diameter 
Dax   Axial dispersion coefficient 
k   Heat transfer coefficient 
KL, KG   Constants 
L   Length 
m   Exponent 
m  ̇  Mass flow rate 
Nu   Nusselt number 
Pe   Péclet number 

p, p  Pressure, pressure drop 
Q  ̇  Heat exchanged 
v   Flow velocity 
V   Volume 

T,lm    Temperature, mean temperature difference 
 
α   Heat transfer coefficient 
η, ηw   Dynamic viscosity, dynamic viscosity at wall temperature 
γ̇   Shear rate 
ρ   Density 
λ   Thermal conductivity 

  Normalized residence time 
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Text

All White Cells Protected From Changes

x

Viscosity at Inlet

Temp. (cP or Pa•s)

Viscosity at Outlet

Temp. (cP or Pa•s)

Heating

Cooling

Low Viscosity Material (Water Like) Oil

Viscous Liquid Water

Viscous Slurry (solid-liquid mixture) Condensing Steam

Glycol-Water Mixture (% Glycol)

Other

Reacting Viscous Liquid

Other

2) PROCESS DESIGN & HEAT TRANSFER ENGINEERING DATA

ITEM PROCESS SIDE SERVICE (HEATING / COOLING) MEDIA SIDE

Thermal Conductivity (BTU/hrftF
o

 or W/mK
o

)

Heat Capacity (Process & Service Side)

Fouling Factor

Maximum Allowable Process Side Residence Time

Requirements, if any (sec or minutes)

Pressure at Inlet (psi or bar)

Heat of Reaction, if any (Process Side)

Heat of Evaporation, if any (Process Side)

Max. Allowable Pressure Drop (psi or bar)

Viscosity
1)

(centipoise or 

Pa•s

@ Process Inlet Temp.

@ Process Outlet Temp.

@ Intermediate Process Temp.

@ Heating/Cooling Media Inlet Temp.

Specific Heat (BTU/lbF
o

 or J/kgK
o

)

Density * (lb/ft 
3
, lb/gal, kg/m

3
,g/cc or specific gravity)

STATE

Normal

Maximum

Fluid Name

Type of Fluid

Heat Exchanger Duty (Process Side )

Inlet Temperature ( 
o
F or 

o
C)

Outlet Temperature (
o
F or 

o
C)

Flow Rate

(lb/hr or kg/hr)

Minimum

ZIP CODE

COUNTRY

CITY

ADDRESS

Preferred  End Connections, Type & Rating

-
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CUSTOMER HEAT EXCHANGER TECHNICAL SPECIFICATION INQUIRY DATA SHEET

Static Mixing, Reaction & Heat Transfer Technology

INSTRUCTIONS
Please Fill in Yellow Cells

1) CONTACT INFORMATION
DEPARTMENT

TELEPHONE

NAME

COMPANY E-MAIL

3) MECHANICAL DESIGN ENGINEERING DATA
● Customer Desired Supply by StaMixCo

Complete Heat Exchanger (Housing + Mixing Elements) 

Mixing Elements Only
 
● Maximum Allowable Installation Length (ft, meters): 

Design Pressure (psi or bar)

Design Temperature  (oF or oC)

Preferred Pipe / Tube Diameter

and Wall Thickness, if any (inches or mm)

 
● Flow Direction

Horizontal Flow Vertical Up-Flow Vertical Down-Flow
 

PIPING END CONNECTION COMPONENTS PROCESS SIDE HEATING / COOLING MEDIA SIDE

Threaded Ends

1) If process fluid viscosity is a function of shear rate, supply curve or data sets of shear rate (sec
-1

) vs. viscosity (centipoise or Pas) at Process Inlet Temperature, 

    Process Outlet Temperature, at Intermediate Process Temperature and at Heating/Cooling Media Inlet Temperature.

Rating Rating

Other Type of End Connection Other Type of End Connection

Flanged Ends Flanged Ends

Type Type

Preferred Materials of Construction (Standard

materials are 316 S/S, 316L S/S, 317Ti S/S, 304 S/S)

Plain Ends Plain Ends

Ends Prepared for Welding Ends Prepared for Welding

Threaded Ends
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