
1. INTRODUCTION

The thermosiphon desorber is a key component of absorption cooling units without mechanical solution 

pump. Pumping action is done by generating bubbles in a two-phase flow. Absorption chillers using 

thermosiphon desorbers as recirculation devices have several features: First, due to the working principle the 

solution flow rate is variable and can be controlled by external temperatures only. Second, the solution flow 

rate can be designed flexibly by a combination of several riser tubes, and, most important, the last moving 

part is eliminated from the system. High heat transfer coefficients are possible, because of two-phase flow 

conditions in the desorber. Despite of the sophisticated thermodynamics inside a thermosiphon desorber it is 

a relatively cheap part, and due to the reduced electricity demand, both operating and first costs can be 

reduced (Albers et al, 2005). 

Nevertheless, due to the complexity of two-phase flow (especially under sub-atmospheric pressure) no 

general correlation for heat and mass transfer as well as for two-phase flow pressure drop for the prevailing 

conditions are found in the literature so far. One reason is the high liquid vapour density ratio of 

approximately 10
4
 for H2O/LiBr absorption chillers due to the low absolute operating pressure (psat < 0.1

bar). Moreover the low mass velocity (5 kg/m
2
s < G < 100 kg/m

2
s) results in reference Reynolds numbers of 

all liquid single-phase flow below 2300, which is relatively low (laminar condition). In addition, the low heat 

flux (𝑞  < 50 kW/m
2
) has been identified as origin of the problems (Albers et al, 2013). 

In many investigations of forced two-phase flow the mass flow rate is a given value, fixed by a mechanical 

supply pump. But for a thermosiphon desorber this is a function of the heat transfer, which in turn is 

influenced by the mass flow rate. As a consequence the heat transfer calculation becomes implicit. For this 

reason the mass flow rate has been measured in a simple test rig (Trinh et al, 2011). The experimental results 
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thermosiphon desorber or bubble pump is advantageous in absorption cooling devices, since the 

processes of refrigerant desorption and solution pumping is combined in one hermetical unit. This supersedes 

the necessity of a mechanical solution pump. In the application with NH3/H2O the thermosiphon desorber 

operates at a pressure of around 15 bar with a liquid vapour density ratio in the range of 10
2
, which is in a well 

known regime of two phase flow. Nevertheless, for the application of thermosiphon desorbers in H2O/LiBr 

absorption chillers, which are commonly operated at a pressure below 0.1 bar with the liquid vapour density 

ratio in the range of 10
4
, there is a lack of heat transfer correlations for two-phase flow. Especially the low 

mass velocity in the range of 5 to 100 kg/m
2
s resulting in reference Reynolds numbers of the all liquid 

single-phase flow below 2300, low reduced pressure (p
*
 ≈ 10

-4
), and low heat flux (𝑞  < 50 kW/m

2
) have been 

identified as origin of problems.  

First attempts to fill this gap of flow boiling heat transfer correlations at sub-atmospheric pressures will be 

presented. The well-known correlations for predicting single-phase and two-phase flow heat transfer 

coefficient and frictional pressure drop have been reviewed to find the possibility for applying them to the 

thermosiphon desorber. However, the obtained results still show large disagreement between experiment and 

correlation.    
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show that the mass flow rate behaviour at relatively low pressure is characterised by two regimes: 

uninterrupted flow at the start-up phase of operation (approx. 2 hours) and interrupted flow at the remaining 

of operational time.   

In a further attempt to investigate heat transfer characteristic, the paper presents experimental results of a 

thermosiphon desorber at sub-atmospheric pressure with pure water as working fluid. The results were 

achieved with different external desorber inlet temperatures as well as reduced pressures 

p*=psat(TC)/pcrit(H2O) and were compared to well-known correlations (i.e. Chen, Shah, and 

Steiner&Taborek), which are three of the most accurate for predicting saturated flow boiling heat transfer 

coefficients in vertical tubes (Shah, 2006; Thome, 2007).  

2. EXPERIMENTAL SETUP

2.1. Description of test rig 

Figure 1: Schematic diagram of thermosiphon desorber test rig. 

The layout of test rig used in this work is depicted in Fig. 1. The test rig consists of three main components: 

thermosiphon desorber, condenser, and reservoir. The thermosiphon desorber itself consists of a riser tube of 

10 mm inner diameter and a jacket tube of 40 mm outer diameter. The riser and jacket tube are made of 

copper and glass, respectively. The wall thickness of both tubes is 1 mm. The length of jacket and riser tube 

is 1000 mm and 1200 mm, respectively. Due to the connections to the separator and the inlet line from 

reservoir the upper and lower end of the riser tube cannot be heated. To avoid heat losses to the surrounding 

the jacket tube is insulated by 13 mm synthetic rubber.  

Temperatures of internal and external flows are measured by Pt-100 sensors. The pressure in the reservoir is 

measured by a pressure transducer, type Cerabar T PMC 131 with grading of 0.1 mbar. The flow velocity of 

the liquid which was pumped to the separator is measured while flowing back into the reservoir through a 

downcomer by an ultrasonic flow-meter (type Fluxus ADM 6725) with clamp-on sensors of type S2N7 with 

a resolution of Δw = 0.1 cm/s and a lower range value of wmin = 0.1 cm/s.  

In addition to the ultrasonic measurement it is also possible to make a volumetric measurement with two 

graduated flasks (GF1 and GF2) for the pumped liquid and the condensed liquid. The flasks are made of 

glass, with maximum level of 500 ml (GF1) and 50 ml (GF2). The graduation mark of the flasks is 10 ml and 

1 ml, respectively. To avoid any pressure differences between the flasks and the reservoir during the time 

when the valves of the flasks are closed, a pressure-equalizing line connects the flasks and the reservoir. 

Two thermostats are used to keep the external inlet temperatures at condenser (tCi) and desorber (tDi) 

constant. A third thermostat is used to control the internal temperature in the reservoir (TV). Due to 

disturbances caused by opening and closing the valves of the graduated flasks after measuring, or due to a 
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reverse flow from the bottom of the thermosiphon desorber back into the reservoir under some operating 

conditions, the maximum deviation from the mean value TV,avg is ±2 K. 

2.2. Volumetric measurements 

The test rig is designed for the operation with H2O/LiBr-solutions at sub-atmospheric pressure, but this 

investigation was carried out with pure water. Nevertheless the same nomenclature is used - e.g. the pumped 

liquid is denoted as 𝑚 𝑝 , although it is not a poor solution but pure water. However, the whole procedure

described below will be the same when H2O/LiBr-solutions are used. 

Before starting experiments the liquid level in the reservoir is checked in order to ensure a constant driving 

head for a certain set of measurements. All the measurements discussed below are carried out with a driving 

head of zV = 700±10 mm. Subsequently, a water jet pump is used to start an evacuation process until the 

liquid in the reservoir starts to boil. Hereby also dissolved air in the water is removed. Finally, the three 

thermostats are started with fixed set values of tDi,set / tCi,set / TV,set. After approx. 20 minutes external hot and 

cooling water inlet temperatures (tDi and tCi) have reached their set value. More or less at the same time the 

pumping action starts by itself and a flow velocity is detected by the ultrasonic sensor (𝑤𝑝  > 0 cm/s). During

the start-up phase (see Fig. 4) the valves of the graduated flasks are in the open position in order to provide a 

constant driving head due to the return flow of pumped liquid back into the reservoir. Obviously the pumped 

liquid is heated which causes a temperature increase in the reservoir during the first time of operation. After 

approximately three hours the temperature in the reservoir TV reaches (in average) the set value and the 

whole system operates at steady state conditions. Now the volumetric measurements can be started by 

closing both valves of the graduated flasks as simultaneously as possible. The liquid levels of both fluids in 

flask GF1 and GF2 are read afterwards at every minute, until the flask for the pumped liquid is full. As a last 

step the valves are opened again and both fluids flow back into the reservoir. The procedure described above 

is repeated five times at least without changing the operational conditions.  

2.3. Data processing 

2.3.1. Averaged mass flow rates 

All temperature and pressure values were recorded automatically by a 32-channel data acquisition system 

with a sample rate of two seconds. After synchronisation with the values from the ultrasonic sensor a 

combined data base was build. This data base is used to determine the mass flow rates from the flow velocity 

𝑤𝑝  of the ultrasonic sensor as:

𝑚 𝑝 ,𝑈𝑆 = 𝑤𝑝 ∙ 𝐴𝑆𝑅 ∙ 𝜌𝑝 = 𝑉 𝑝 ∙ 𝜌𝑠𝑎𝑡 ,𝐿(𝑇𝐷𝑜𝐿 ,𝑈𝑆)         (1) 

where the fluid density is calculated as liquid saturation density from IAPWS correlations using the 

temperature 𝑇𝐷𝑜𝐿 ,𝑈𝑆  at the separator outlet measured also by the flow meter. From the flow rate 𝑚 𝑝 ,𝑈𝑆  (which

also has a strobe of 2 seconds) mean values 𝑚 𝑝 ,𝑈𝑆 ,𝑚  over one minute are calculated. Finally, the values of

𝑚 𝑝 ,𝑈𝑆 ,𝑚  are averaged over each time interval where volumetric measurements have been carried out:

𝑚 𝑝 ,𝑈𝑆 ,𝑎𝑣𝑔 =
1

𝑛
𝑚 𝑝 ,𝑈𝑆 ,𝑚

𝑛
1 (2) 

These averaged mass flow rates of pumped liquid, derived from ultrasonic measurements will be compared 

to results, derived from volumetric measurements with GF1, denoted as 𝑚 𝑝 ,𝐺𝐹 ,𝑎𝑣𝑔 . The averaged mass flow

rates of condensed liquid, denoted as 𝑚 𝑐 ,𝐺𝐹 ,𝑎𝑣𝑔 , were measured with graduated flash GF2 and then compared

to the mass flow rate, calculated from the energy balance at the condenser, denoted as 𝑚 𝑐 ,𝑐𝑎𝑙 ,𝑎𝑣𝑔 .

2.3.2. Averaged internal heat transfer coefficient 

The heat transfer equation can be used to derive the averaged heat transfer capability (i.e. UA-value) of the 

thermosiphon desorber as: 

𝑄 𝑒𝑥𝑡 ,𝐷 = (𝑈𝐴)𝑡𝑜𝑡 ,𝐷 ∙ ∆𝑇𝑚 ,𝐷  (3) 

From Eq. 3 the total averaged UA-value of thermosiphon desorber is: 

(𝑈𝐴)𝑡𝑜𝑡 ,𝐷 =  
𝑄 𝑒𝑥𝑡 ,𝐷

∆𝑇𝑙𝑚 ,𝐷
=  

𝑚 𝑤 ,𝐷 ∙𝐶𝑝 ,𝐷  (𝑡𝐷𝑖 +𝑡𝐷𝑜 )/2 ∙ 𝑡𝐷𝑖−𝑡𝐷𝑜

∆𝑇𝑙𝑚 ,𝐷
(4) 
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Figure 2: Scheme of temperature changes 

at riser and jacket tubes. 

where the logarithmic mean of the temperature difference 

at the inlet and outlet is used as approximation of the 

mean driving temperature difference ∆𝑇𝑚 ,𝐷 of the co-

current flow heat exchanger (Fig. 2): 

∆𝑇𝑙𝑚 ,𝐷 =
 𝑡𝐷𝑖− 𝑇𝐷𝑖  − 𝑡𝐷𝑜 − 𝑇𝐷𝑜

𝑙𝑛 
𝑡𝐷𝑖 − 𝑇𝐷𝑖
𝑡𝐷𝑜 − 𝑇𝐷𝑜

          (5) 

and the total averaged UA-value can be calculated from: 

𝑈𝐴𝑡𝑜𝑡 ,𝐷 =
1

1

𝜋∙𝑧𝑆𝑅
∙ 

1

𝑑𝑖,𝑆𝑅 ∙𝛼𝑖𝑛𝑡 ,𝐷
+

1

2∙𝜆𝑆𝑅
∙𝑙𝑛

𝑑𝑜 ,𝑆𝑅
𝑑𝑖,𝑆𝑅

 +
1

𝑑𝑜 ,𝑆𝑅 ∙𝛼𝑒𝑥𝑡 ,𝐷

 (6) 

Thus, the averaged internal heat transfer coefficient can be 

derived from Eq. 6 as: 

𝛼𝑖𝑛𝑡 ,𝐷 =
1

𝜋∙𝑧𝑆𝑅 ∙𝑑𝑖,𝑆𝑅
𝑈𝐴 𝑡𝑜𝑡 ,𝐷

−
𝑑𝑖,𝑆𝑅
2∙𝜆𝑆𝑅

∙𝑙𝑛
𝑑𝑜 ,𝑆𝑅
𝑑𝑖 ,𝑆𝑅

 −
𝑑𝑖,𝑆𝑅

𝑑𝑜 ,𝑆𝑅 ∙𝛼𝑒𝑥𝑡 ,𝐷

  (7) 

where 𝛼𝑒𝑥𝑡 ,𝐷 is the average external heat transfer

coefficient, calculated by the correlations of Gnielinski 

(2009). Please note that the application of the log-mean 

temperature difference calls for constant heat capacity 

flow rates as well as heat transfer coefficients. As this is 

definitely not the case for the pumped liquid due to the 

entering into the two-phase region, the presented approach 

may serve as a rough first-order approach only. It is 

justified, however, by the fact that the main fraction of 

heat transferred is due to the phase change.  

2.4. Uncertainty of experimental data 

The uncertainty of experimental data includes uncertainty of primary measurements (i.e. pressures, 

temperatures, velocities, and volume flow rates) and desired quantities (i.e. mass flow rates, heat flow rates, 

and heat transfer coefficients). The main uncertainty of the volume flow rates determined by the described 

volumetric measurement depend on three effects: uncertainty in reading the liquid level (±1 ml), uncertainty 

in reading at the exact time (±2 s) and - especially under interrupted flow conditions - the uncertainty, if the 

last flush of a pumping action was included correctly into the time interval or not. This uncertainty depends 

on the flow characteristic (Sattelmacher, 2002) and can be estimated as 0.1 g and 1 g for uninterrupted and 

interrupted flow, respectively. In summary an uncertainty of ±2% and ±4% for uninterrupted and interrupted 

flow is achieved for the volume flow rates derived from volumetric measurements.  

For heat flow rates and heat transfer coefficients the uncertainties stems from the primary measurements of 

several sensors. Therefore, error propagation has been considered when calculating the value of desired 

variables. The resulting expanded uncertainties for the sensors and heat and mass flows are listed in Table 1.   

Table 1: Uncertainty of variables. 

Primary measurements Desired quantities 

Parameter Uncertainty Parameter Uncertainty 

Pressure ±2 mbar Mass flow rate of pumped liquid ±7%÷13%

Temperature ±0.1 K Mass flow rate of condensate liquid ±4%÷8% 

Velocity ±3% Heat flow rate 

Desorber 

Condenser 

Reservoir 

±9%÷20% 

±4%÷9% 

±9%÷15% 

Volume flow rate ±2% & ±4% for uninterrupted 

and interrupted flow 

Heat transfer coefficient ±10%÷23% 
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3. RESULTS AND DISCUSSION

3.1. Mass flow rate behavior 

In all experiments the external and internal temperatures have been controlled to constant values (tCi = 30 °C, 

TV = 25 °C), only external desorber inlet temperature tDi was varied from 50 to 75 °C. Volumetric 

measurements have been accomplished 340 times to ensure the reproducibility of getting data. The mass 

flow rate of pumped liquid and condensate are shown in Fig. 3 as function of reduced pressure p
*
. The 

increasing of reduced pressure is a consequence of increasing the inlet temperature tDi. Due to the higher 

temperature difference T ≈ tDi - TV the heat transfer area or height of single-phase flow zspf, which is 

necessary to heat up the sub-cooled liquid to saturation temperature, is shorter and an associated longer 

distance of two-phase flow ztpf is available to generate vapour. Since the external condenser inlet temperature 

tCi was kept constant the necessarily higher driving temperature in the condenser for the increased heat and 

condensate flow results in higher TC or p*, respectively.  

Figure 3: Averaged pumped and condensate flow rates versus pressure (tDi = 50÷75 / tCi = 30 / TV = 25 °C). 

The condensate flow rate increases steadily with the reduced pressure. For a reduced pressure of 3.7·10
-4

 

onward the pumped flow rate is quite stable. At lower pressure there is a large scatter. Details of a low 

pressure experiment are seen in Fig. 4. During the start-up phase (i.e. operating minute from 0 to 120 in Fig. 

4) the pumped flow rate is uninterrupted whereas it is more interrupted afterwards (i.e. operating minutes

120 to 360) (Trinh et al, 2011). In order to verify the difference for the high pressure, data of a measurement

day with external desorber inlet temperature of 70 
0
C are depicted in Fig. 5.

Figure 4: Operational behaviour at tDi /tCi /TV = 60/30/25 °C. 
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As seen in Fig. 5, the pumped flow rates 𝑚 𝑝 ,𝐺𝐹 ,𝑎𝑣𝑔  derived by volumetric measurements during steady state

condition (i.e. from minute 120) are in the range of approx. 2 g/s, except values from minute 60 to 120. The 

pumped flow rate derived by ultrasonic sensor (or minutes mean value of measured flow velocity 𝑤𝑝 ,𝑚 ) is

uninterrupted during the operational time. Although the internal reservoir temperature TV is disturbed by the 

opening the valves of graduated flasks at the volumetric measurements, it stays at a constant average value 

and the pumping action stays uninterrupted in the whole operational time. 

Figure 5: Operational behaviour at tDi /tCi /TV = 70/30/25 °C. 

3.2. Heat transfer behavior 

Fig. 6 presents the averaged internal heat transfer coefficients of the thermosiphon desorber at different 

reduced pressures, when external condenser inlet temperature tCi and internal reservoir temperature TV have 

been unchanged. The experimental values were compared to calculation of the model based on Chen (1966), 

Shah (1982), and Steiner&Taborek (1992) correlations. For the Chen correlation, the suppression factor S 

and the two-phase multiplier (enhancement factor) Ftp were modified by numerical expressions derived by 

Gungor and Winterton (1986). In the model, single-phase and two-phase flow frictional pressure drops have 

been determined by the Fang correlations (2011, 2012) because they fit better than those of Friedel (1979) 

and Steinhagen&Heck (1986) as analyzed by Trinh (2015). 

Figure 6: Heat transfer coefficients versus reduced pressure (tDi = 50 ÷ 70 °C / tCi = 30 °C / TV = 25 °C). 
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The experimental averaged heat transfer coefficients change not so much (i.e. from 2.5 to 3.1 kW/m
2
K) with 

increasing reduced pressure (i.e. higher desorber inlet temperatures tDi). As expected from Fig. 3 there is a 

larger scatter at reduced pressures below 3.5∙10
-4

. The two-phase flow heat transfer coefficients calculated 

according to Chen, Shah, and Steiner&Taborek do not agree: their increase with pressure is much larger and 

the absolute size also is much larger. The heat transfer coefficients based on Chen and Steiner&Taborek 

correlations are coherent, while the ones determined by the Shah equation are higher.  

4. CONCLUSIONS

An experimental study for determining averaged heat transfer coefficient and operational behavior in a 

thermosiphon desorber at sub-atmospheric pressure was performed. The mass flow rates of pumped liquid 

and condensate increase, while averaged internal heat transfer coefficients are almost constant when 

increasing operating (reduced) pressures. The pumped flow rate is interrupted when the bubble pump works 

at low pressure conditions. At higher operating pressures, due to more uninterrupted flow the heat transfer 

characteristic is quite steady during the whole operational time.  

On the other hand, it can be seen that the experimental results are not in good agreement to the model based 

on Chen, Shah, and Steiner&Taborek equations. There are several possible reasons to this: the liquid/vapour 

density ratio is outside the range of validity of the correlations which are used for two-phase flow boiling; 

the approximate calculation of the transfer coefficients using the logarithmic mean of temperatures ∆Tlm,D is 

doubtful, and the uncertainty of the measurements is large, also.      

5. NOMENCLATURE

A area (m
2
) D Desorber 

d diameter (m) exp experiment 

G mass velocity (kg m
-2

 s
-1

) ext external 

𝑚  mass flow rate (kg s
-1

) i inner, inlet 

p pressure (kPa) int internal 

𝑄   heat flow rate (W) G gas 

𝑞   heat flux (kW m
-2

) GL graduated flash 

t external temperature (
0
C) L liquid 

T internal temperature (
0
C) lm logarithmic mean 

𝑉  volume flow rate (m
3 
s

-1
) m mean 

U overall heat transfer coefficient (W m
-2

 K
-1

) o outer, outlet

w velocity, (m s
-1

) p pumped  

z geodetic height (m) tot total 

Greek symbols tp two-phase 

α heat transfer coefficient (W m
-2

 K
-1

) tpf two-phase flow 

Δ difference sat saturation 

η dynamic viscosity (Pa s) set set-point 

λ heat conductivity (W m
-1

 K
-1

) spf single-phase flow 

ρ density (kg m
-3

) S Separator 

Subscript Sh Shah correlation 

avg average SR riser tube 

c condensate ST Steiner&Taborek 

correlation 

crit critical V Reservoir 

C Condenser US ultrasonic sensor 

Ch Chen correlation 
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