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Abstract 
New two-phase heat pipes with the enlarged heat-exchange surface have been developed for thermal 

stabilization of permafrost soils at the bases of buildings and engineering structures. We have named them TIP – 
thermo-stabilizers with improved productivity (or with increased power). Their technical parameters and test 
results are given, and their operation in the North of Western Siberia and further applications are discussed. 
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INTRODUCTION 

The long-time experience has shown that a great number of buildings and engineering structures in 
permafrost regions have been deformed or have failed because of loss of bearing capacity of soils, per-
ennial thawing or freezing and frost heave. Causes of failures are, as a rule, violations of design objec-
tives and thermal regime of soils. Thermal stabilization of soils (including freezing of thawed soils and 
cooling of permafrost) is known to be the effective method providing stable support for buildings and 
structures in cold regions. Thermo-stabilizers (TS), also called seasonal cooling units (SOU in 
Russian), are widely applied in construction, and two-phase heat pipes are mainly used as TS.  

Since 1993, the “VNIIGAS” institute together with the “Inter Heat Pipe” Corp. (Moscow) has 
been working out, manufacturing and applying thermo-stabilizers with minor diameter, and the basic 
model is TMD-5 [1]. The experience has shown that in many cases (e.g. for engineering structures 
with high heat release) a soil cooling by TMD-5 is not sufficient. More powerful cooling units are 
needed to prevent negative cryological processes and provide the stability of foundations. For this 
purpose we have developed new devices – TIP – thermo-stabilizers with improved productivity (or 
with increased power).  

 
 

OVERALL PERFORMANCE 
The basic model TMD-5 represents a sealed metallic thin-walled tube containing dosed amount of 

two-phase vapor-liquid working fluid (ammonia). It transfers heat from the underground part (evapo-
rator) to the aerial part (condenser) owing to a cyclic process: working fluid evaporates absorbing heat 
from soil, the vapor lifts and condenses with heat release and dissipation to the ambient air, then liquid 
working fluid trickles down. These devices are manufactured from aluminum alloy with a length from 
4 to 11.5 m and tube diameter of 28 mm. TMD-5 has an Ω-shape evaporator cross-section because an 
aluminum plate is welded to the tube to increase its cooling surface and rigidity (Fig. 1). Hence, the 
cooling surface is equivalent to a circular tube with a diameter of 54 mm. 
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Fig. 1. Front view of thermo-stabilizers TMD-5 and TIP (1) and cross-sections 
of: TMD-5 condenser (2) and evaporator (3), TIP condenser (4) and evaporator 
(5). L – total length (4 to 11.5 m), LC – condenser length (1 to 2 m), LE – evapora-
tor length (3 to 9.5 m), DT – tube diameter (28 to 34 mm), DF – finning diameter 
(100 to 120 mm), WP – plate width (60 to 120 mm)  

 
Benchmark test, computer simulation and field investigations near New Urengoy and in Ta-

zovskaya Bay (the North of Western Siberia) [2, 3] have shown that TSs' productivity (useful thermal 
power) may be essentially increased by means of heat-exchange surface progress only, because of in-
ternal heat and mass transfer is far from saturation mode for TMD-5. Thus we have developed new 
cooling units with the enlarged heat-exchange surface. Their condensers have the additional (secon-
dary) finning; evaporators have the second plate (see Fig. 1). Their dimensions have been increased 
and may vary: tube diameter DT – from 28 to 34 mm, finning diameter DF – from 100 to 120 mm, 
plate width WP – from 60 to 120 mm. As a result, equivalent diameter DE of these thermo-stabilizers 
with improved productivity (TIP) increases from 54 to 160 mm.  

 
MODELLING AND EVALUATION  

The TIP and TMD-5 devices produce a cylindrical shape of frozen patterns. Hence their cooling 
capability may be characterized by freezing radius as well as by frozen soil volume and thermal power 
per 1 m of evaporator length. The table presents these values calculated under climatic conditions in 
two regions of Western Siberia: Pangody (cold region with permafrost soils) and Surgut (near the 
southern border of permafrost zone).  

Thermal power (cooling capability) of TIP with DE = 160 mm is 1.7 times more than for the basic 
model TMD-5 and may exceed 600 W at the limit evaporator length of 9.5 m. It may be noted that it is 
average power value smoothed through 6-months time interval, and instantaneous power at the 
benchmark test is up to 2 kW.  

A seasonal TS does not operate during warm season (when air temperature is above zero), and 
produced frozen soil pattern partially thaws. Thus its remnant size (at the end of warm season) should 
be taken into account when comparing TS productivity, especially in southern part of permafrost zone. 
Computer simulation results (Figs. 2, 3) show that the difference between TIP (DE = 160 mm) and the 
basic model (DE = 54 mm) becomes greater when comparing soil state in October rather than in win-
ter. The remnant frozen volume around TIP is 2–2.5 times more than around the basic model.  
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The characters of TMD-5 and TIP productivity  

 
Region 

Equivalent  
diameter  
DE , mm 

Frozen soil 
radius,  
m 

Frozen soil volume 
per 1 m of evapo-
rator length,  m3  

Average winter 
thermal power, 
W/m 

 54 1.20 4.52 39.0 
 80 1.33 5.56 47.9 

Pangody 108 1.43 6.42 55.3 
 160 1.56 7.65 65.9 

 54 1.10 3.80 32.8 
Surgut 80 1.22 4.68 40.3 

 108 1.31 5.39 46.4 
 160 1.44 6.51 56.1 

 

 
 
 

Fig. 2. Radial section of the temperature field around the basic model TMD-5 (DE = 
54 mm) and around TIP (DE = 160 mm) under climatic conditions of Pangody (left) and 
Surgut (right) near the middle of cold season (January 30)  
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Seasonal TS are widely used for strengthening and stabilization of pile foundations. Because of 
technological reasons, TS are not installed at a distance from pile surface which is less than 0.4–0.5 m 
(in real situations, 0.6–0.7 m), and the opposite side of a pile is distanced from TS by 1 m or more 
(Fig. 3). Thus, at the end of warm season, the pile is located almost completely outside the remnant 
frozen pattern produced by TMD-5 but inside one produced by TIP. It means that at southern part of 
permafrost region, stabilization of a single pile may be realized by one new device TIP instead of two 
or three old TMD-5. For other applications (e.g. for buildings and engineering structures with high 
heat release), similar result should be expected at northern part as well.  

 
 

 
 
 

Fig. 3. Radial section of the temperature field around the basic model TMD-5 (DE 
= 54 mm) and around TIP (DE = 160 mm) under climatic conditions of Pangody 
(left) and Surgut (right) at the end of warm season (October 1). Typical pile posi-
tion is shown  
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CONCLUSIONS 
Two-phase heat pipes with improved productivity (or with increased power) have been developed 

for soils cooling and freezing. These new seasonal cooling units named TIP expand application do-
main of thermal stabilization. Their use may be advisable for:  
– fast soils freezing and cooling, especially near southern border of permafrost region;  
– thermal stabilization of bases of buildings and engineering structures with high heat release;  
– construction of ice wharves and temporary bridges, winter roads across water-logged grounds, etc.;  
– freezing and cooling “from afar” at hard-to-reach places, e.g. when TS installing at the required dis-

tance from a pile (0.5–0.6 m) is impossible;  
– increase of clearance, i.e. of the distance between neighboring TS, when forming cooling loops, fro-

zen walls and areas.  
New thermo-stabilizers TIP as well as the basic model TMD-5 are the complete product with fac-

tory assembly. They do not need engineering setup, servicing and repairing. They are manufactured 
from anticorrosive aluminum alloy, which is why are operable in saline soils and aggressive water.  
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