
 

American Journal of Environmental Engineering and Science 
2015; 2(6): 62-73 

Published online October 20, 2015 (http://www.aascit.org/journal/ajees)  

ISSN: 2381-1153 (Print); ISSN: 2381-1161 (Online) 
 

 

 
 
 
 
Keywords 
Hybrid,  

Condensation,  

Air Cooled,  

Shell and Tube,  

Economic 

 

 

 

Received: September 18, 2015 

Revised: October 12, 2015 

Accepted: October 12, 2015 

 

Experimental Investigation for a 
Hybrid Arrangement of Steam 
Condensers 

Ali Hussain Tarrad
1
, Ali Farhan Altameemi

2 

1Private Consultant Engineer/Mechanical Engineering (PhD), Copenhagen, Denmark 
2Mechanical Engineering, Adhwa Alshamal Contracting and General Trading, Baghdad, Iraq 

Email address 
dr.alitarrad@yahoo.com (A. H. Tarrad), engineerali.85@gmail.com (A. F. Altameemi) 

Citation 
Ali Hussain Tarrad, Ali Farhan Altameemi. Experimental Investigation for a Hybrid Arrangement 

of Steam Condensers. American Journal of Environmental Engineering and Science.  

Vol. 2, No. 6, 2015, pp. 62-73. 

Abstract 
This work represents an experimental investigation to assess the thermal performance of 

a hybrid condensation system at atmospheric pressure. A combination of the air cooled 

(ACC) and shell and tube (WCC) heat exchangers were used to show the steam 

distribution percentage and capability of each of these heat exchangers. When the air 

flow rate was doubled and its entering dry bulb temperature reduced from (42) to 

(21) °C, the (ACC) average steam loading and thermal load were increased by (22%). 

Pre-cooling of air gave an increase in (ACC) steam mass flow rate of (0.58-0.66) kg/hr 

per each degree reduction of air dry bulb temperature from (37.5°C) to (27°C) for 

constant air mass flow rate and surface area. The corresponding values of condensation 

thermal load variations were within (1.28-1.33) times. 

1. Introduction 

The steam condenser is one of the major components of the steam cycle in steam 

power plant. It condenses the exhaust steam from the turbine and thus recovers the high-

quality feed water for return to the boiler and increases the cycle efficiency, Matthew 

(2002) [1]. The condensate being recycled back through the system by three major 

condensation systems, water cooled, air cooled and alternative condensing systems. 

Larinoff and Moles (1978) [2] investigated the effect of the ambient air temperature on 

the turbine backpressure and recommended the range from (16) to (43) 
o
C as limitation 

for the turbine corresponding back pressure. Jabardo and Mamani (2003) [3], 

investigated experimentally and theoretical the condensation process for automotive 

cooling application. The condenser simulation model assumes that the heat transfer 

surface is divided into three regions: desuperheating, condensing and sub-cooling, each 

region was treated as an independent heat exchanger. The discrepancy between the 

experimental data and the simulation results has shown a good agreement. 

Tarrad et. al., (2008) [4], and Tarrad et. al., (2009) [5], investigated experimentally and 

theoretically the performance of air cooled heat exchangers. Their results showed that the 

load was increased by approximating (3) times with air velocity raised from (1.2) to (4.6) 

m/s for the test range. Further, the overall performance of the heat exchanger is a 

dependent measure on the tube bank geometry and arrangement and operating 

conditions. Tarrad (2010) [6], built a computer code that depends on the idea of using the 

row by row technique for estimating the heat transfer coefficient , air temperature and air 

physical properties distribution in the air flow direction from row to row. The model 

results showed an improvement in the condensation load up to (23%) when air pre- 
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cooling mode applied to inflow air to the ACC to lower the 

dry-bulb temperature from (45) to (28) 
o
C. 

Tarrad and Kemal (2001) [7] and Tarrad and Majeed 

(2007) [8] investigated a step by step method for thermal and 

hydraulic design of steam power plant condensers for a 

single and two passes. A good agreement was shown between 

the field data of thermal power plants in Baghdad city and 

the simulation model. Tarrad (2007) [9], provided a model as 

a computer code for the thermal-hydraulic design of a single 

shell-single pass of enhanced tube bundle heat exchanger 

using the step by step technique. The model basic philosophy 

depends on the thermal and economical aspects by selecting 

the low finned tube geometry. This was to avoid the space 

restriction of the equipment layout in the field application 

and to minimize the cost of manufacturing machining. Heyns 

(2008) [10], Studied the performance characteristics of a 

power plant incorporating a steam turbine and a direct air 

cooled dry/wet condenser operating at different ambient 

temperatures. The study showed that for the same turbine 

power output, the water consumed by an air cooled 

condenser with a hybrid arrangement is at least (20 %) less 

than an air cooled condenser with spray cooling of the inlet 

air. 

NREL (2011) [11], identified and evaluate methods by 

which the net power output of an air-cooled geothermal 

power plant can be enhanced during hot ambient conditions 

using minimal amounts of water. Geothermal power plants 

that use air-cooled heat rejection systems experience a 

decrease in power production during hot periods of the day, 

therefore hybrid cooling options, which use both air and 

water, have been studied to assess how they might mitigate 

the net power decrease in hot periods. Baweja and Bartaria 

(2013) [12] have concluded in their review the most 

important factors which control the performance of the air 

cooled condenser. It is found that there is degradation in 

performance of air cooled condenser under high ambient 

temperatures and windy conditions. The heat rejection rate of 

ACC also depends on surface condition of fins and thus its 

performance is reduced due to external fouling of finned 

tubes due to weather conditions and by internal fouling from 

condensate (Ammonia corrosion). 

More recently, Tarrad and Khudor (2015) [13] have 

published quite a simplified correlation in this field. They 

accomplished a correlation for the air side heat transfer 

coefficient of compact heat exchangers in the form of a 

dimensional analysis. They concluded that their correlation 

has estimated the heat duty and overall heat transfer 

coefficient of the case study heat exchangers with total mean 

absolute errors of (13%) and (10%) respectively. Tarrad and 

Al-Nadawi (2015) [14] suggested a model for the rating of 

air cooled condenser in a refrigeration unit. The tube by tube 

technique was implemented in a window type air 

conditioning unit circulating different refrigerant such as R-

22, R-407C and R-407A. They postulated that the predicted 

heat duty of these refrigerants by their model has showed 

excellent agreement and was within the range of (-5%) and 

(+1.7%). 

In the present study, an experimental investigation will be 

described for the use of a hybrid condensation system 

arrangement. The implementation of this system within a 

frame work of steam condensation in both of the service 

fluids types will be clarified with the aid of the collected 

data. Two vertically oriented condensers were combined in 

parallel with saturated steam supplied at atmospheric 

pressure. Each condenser can work individually with a 

specified steam loading regarding to the steam generator 

feeding. The combined mode for the water cooled condenser 

under a low cooling water flow rate is considered as a new 

proposed method to investigate the air cooled condenser 

capability in a hot ambient condition. Also evaporative 

cooling for air inflow is used to lower the air dry-bulb 

temperature occurs during summer sever environment. 

2. Experimental Rig and Procedure 

2.1. Test Rig 

An experimental facility was constructed to allow two 

types of condensing systems worked as a test arrangement. 

Each one represents a separate unit having all the 

specifications and instruments which allows condensation 

data to be collected over a range of operating conditions. Air 

cooled condenser, finned tube heat exchanger, and shell and 

tube heat exchanger were implemented as a single or in a 

hybrid arrangement as shown in figure 1. 
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Figure (1). A Schematic Diagram for the Test Rig. 
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2.2. Steam Generator (SG) 

The steam generator is constructed in a way that it has the 

ability to provide wet steam at atmospheric pressure. It was 

made of galvanized steel sheet of (3) mm wall thickness to 

ensure operating under high pressure safely. However, the 

pressure did not exceed (2) bar in the present study. The 

steam generator core capacity is about (120) litter. Water is 

pumped to the (SG) with a specific quantity, which must be 

suitably covering (at height of 50 to 60 cm) the heating 

element inside (SG). This can be checked by the sight glass 

level (high temperature proof) installed on the (SG), with a 

continuous steam flow production at low pressure of (1) atm. 

A safety valve is fixed at the top of vessel and pressure gauge 

is installed for pressure measurement and monitoring. Figure 

(2) illustrates the construction of the steam generator. 

 

Figure (2). The Steam Generator Used in the Present Experimental Set-up. 

2.3. Shell and Tube Condenser 

The vertical orientation shell side condenser is made of 

(325) mm tube effective length occupied by (28) stainless 

steel tube. Each tube is (9.45 mm) outer diameter and (8.68 

mm) inner diameter, as shown in figure (3). The tubes are 

distributed as a rotated square of (45
o
) tube layout. The 

clearance between two adjacent tubes is (3) mm, and the 

tubes pitch is (12.94) mm. The shell diameter is (81.64) mm. 

The baffle space is (70) mm and a baffle cut of (25%). The 

shell side inlet and outlet nozzles are of (42.5) mm, the tube 

side inlet and outlet connections are of (50.8) mm, and the 

total heat transfer area is (0.270) m
2
. Instruments for 

temperature and pressure are connected to the tubes and shell 

sections. The gauges are fitted in prepared pockets on the 

required locations. 

 

Figure (3). Shell and Tube Heat Exchanger Tube layout. 
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2.4. Air Cooled Condenser (ACC) 

The ACC implemented in this work was a vertical type of 

a single pass and two rows with tubes having flat sides 

occupied each row with equal numbers, as shown in figure 

(4). The centrifugal fan installed in front of the ACC to move 

air towards finned tube bundle. The flat sides of the tube 

geometry used to enhance heat transfer inside tube with extra 

heat transfer area and reduce pressure drop outside tube. The 

tubes are made of a brass metal which has excellent physical 

properties and copper fins. The fins are constructed to the 

tubes so each fins row contains (70) fins attached to tube in 

equal pitch about (4.18) mm. The fins physical characteristic 

and heat exchanger dimensions are illustrated in table (1). 

The whole assembly is mounted on legs with a rubber and 

fasteners to well-set during operation. 

Table (1). ACC Geometry and Physical Characteristic. 

Parameter Dimension 

Core 

Width (W) 590 mm 

Depth (D) 30 mm 

Height (H) 320 mm 

No. of Tubes 110 

No. of Tubes/Row 55 

No. of Rows 2 

No. of fins/ Tube (on both sides) 140 

Transverse Distance (XT) to flow 11.25 mm 

Longitudinal Distance (XL) to flow 15 mm 

Frontal Area (Aƒace ) 0.1888 m2 

Fin 

Pitch (ƒΡ) 4.18 mm 

Length (lƒ) 8.05 mm 

Thickness(tƒ) 0.18 mm 

Area of a Single Fin (Aƒ) 36.12 mm2 

Material Copper 

Thermal Conductivity (W/m.C), [15] 388 

Tube 

Height (Ht ) 2.35 mm 

Depth (Dt ) 12 mm 

Thickness (tt) 0.24 mm 

Material Brass 

Inner Tube Surface Smooth 

Thermal Conductivity (W/m.oC), [15] 119 

Area 

Total Surface Area (Atotal ) 3.935 m2 

Total Fin Surface Area 3.029 m2 

Total Bare Tube Area 0.906 m2 

The air supplied to the ACC through a flexible ducting 

system. As a facility to control the air inlet temperature, the 

duct heating part of (165 x 310) mm
2
 is added to the 

ductwork system. It has (10) kW coiled heating element 

operates at (220-240) volt, situated inside the entering air 

construction side with suspended screws to adjust heater to 

the duct center. The sides in the front of the heater were 

covered with special design wings to prevent air by-passing 

and to direct air toward the heating section. This technique 

was used to heat up the air to the desired test value and 

represents the effect of temperature rise during summer hot 

environment. 

The ACC fan is of the centrifugal type with forward blade 

configuration. This is a part of evaporative air cooler 

construction commercially available in the market. The 

delivered air volumetric flow rate has two different values 

either (1200) or (2400) cfm, which can be controlled through 

a variable speed electrical motor. This air cooler was also 

used to control and reduce the entering air temperature to the 

ACC as required during the tests. 

 

Figure (4). Air Cooled Heat Exchanger Characteristics. 

2.5. Water Loops 

There are two main water loops used in the present work 

arrangement. The first loop represents the cooling service 

fluid flow through the tube side of the WCC while the other 

was used to feed the steam generator. 

On the WCC side, the water was used as a cooling medium 

removing the latent heat from the condensing steam. Water 

was pumped by a centrifugal pump having an electrical 

motor of (370) watt having (2900) rpm at (220-240) volt. It 

has a maximum capacity of (30) l/min and (30) m of water 

head. The pump takes the water from main reservoir with 

(200) liter capacity. Another reservoir equipped with heater 

(3000-6000) watts was used with ability of heating to operate 

as an emergency tank when water cut-off occurs and to give 

warm water depending on the experiments conducted, figure 
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(1). On the steam generator feeding side, the water was 

pumped to the intake portion of steam generator with a 

limited quantity. This measure was taken to insure the safety 

of the heating element and will minimize the time required 

for steam generation. 

A hand controlled valve is used to adjust the water flow 

rate through the test section WCC and ACC. The flow rate of 

the water through the test sections was measured with 

variable area flow meter. Water that leaves the WCC section 

was drained to sewage or was returned to the emergency 

tank. Over a range of experimental sets, water in both steam 

generator and water supply tanks must be blown down to 

prevent scale forming and corrosion reactions. 

The water cooled condenser, condensate tank, and the hot 

side piping system are all closely insulated with (1) inch 

glass wool insulation having (k=0.035) W/m.
o
C. This 

measure was taken to minimize the heat loss to the 

surrounding and human safety. 

2.6. Instrumentation 

2.6.1. Temperature Measurements 

Five stem glass thermometers were installed in the water 

and steam side to measure the temperature of steam (process 

fluid) and water (service fluid) at different locations. The 

technique is used by installing the thermometers with a 

prepared jacket to immerse the thermometer through the flow 

by using screwed fittings. This method confirms the accurate 

measured values for temperature measurements that it 

provides a direct contact between the bulb and fluid. 

Temperature gauges have a range of (0 – 120) 
o
C at a 

division of (1) 
o
C, maximum and minimum errors are 

corresponding to (2%) and (-1.2%) respectively. Digital 

thermocouples of the K-type were used to measure the 

temperature on the inlet and exit sides of ACC condenser. 

The wet bulb temperature of air entering the condenser was 

measured by using the wet cotton wick at the bulb of 

thermometer sensor. 

2.6.2. Pressure Measurements 

Five stem glass pressure gauges were used to measure the 

pressure at each exit and inlet ports of service fluid (water) 

and also at the inlet side of process fluid (steam) of ACC, and 

on WCC. No pressure gauges were needed for the exit side of 

steam loops at the condensate side because the system is 

opened to atmosphere. One gauge was installed on the steam 

generator to control the buildup of the inside pressure with 

presence of safety valve at steam generator exit point. Two of 

the pressure gauges on the water side have ranges of (0-2.5) 

bar. The division (0.05) bar, maximum and minimum errors 

are (0) and (-0.3) respectively, which were connected to the 

tube side of the water cooled condenser. The last one was 

installed on the inlet to the air cooled condenser and has a 

range of (0 – 2.5) bar with a division (0.05) bar and 

maximum error is about (2 %). 

2.6.3. Water Flow Rate Measurements 

A Rotameter (KDG 2000) was used to measure the flow 

rate of the circulating water in (l/hr) has a range of (200 – 

1800). Calibration of the Rotameter has shown an error of 

about (1 %) l/hr. 

2.6.4. Uncertainty of Measurements 

The uncertainty percentage for the air side heat transfer 

mode of the measurement was estimated to be within (± 2 %) 

for the whole tests range in this work. Whereas, the 

corresponding uncertainty for the parameters measured of the 

water side tests was within (± 1.5 %). This will produce a 

mean total uncertainty of the thermal category in 

measurements for the hybrid system arrangement during the 

present work to be within (± 2 %). For the hydrodynamic 

side, the corresponding mean uncertainty in the measured 

parameters was within (± 1 %). 

More details about the experimental rig, instrumentation 

and electrical board installations can be found form 

Altameemi (2011) [16]. 

3. Experimental Results and 

Discussion 

3.1. Air Cooled Condenser Mode 

Figure (5) shows the steam loading variation for the ACC 

at different entering air temperature for two different air flow 

rates namely (1200) and (2400) cfm. It is obvious that the 

load capacity of the condenser increases with entering 

temperature reduction or increasing air flow rate. This is a 

result of increasing the temperature driving force (∆Tm) or 

improving the air side heat transfer coefficient which in turn 

increases the overall heat transfer coefficient of the heat 

exchanger. 

Similarly the thermal load variation with operating 

conditions of the air side of the condenser is illustrated in 

figure (6). The same behavior was observed for these 

measures as those of the steam loading. The thermal load of 

the condenser showed an enhancement as the entering air 

temperature reduced or the air flow rate was doubled. The 

results revealed that at air velocity of (3) m/s, the highest 

expected load from the air cooled condenser at Ta,i of (31) °C 

was (16.5) kW. The heat transfer rate experienced a gradual 

reduction as the Ta,i was increased to (42) °C at which the 

achieved thermal load approached (12.3) kW. 
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Figure (5). The Condenser Steam Loading Variation with Entering Air Dry-Bulb Temperature. 

 
Figure (6). Air Cooled Condenser Load Variation with Entering Air Dry-Bulb Temperature. 

The reproducibility of the experimental data was 

established by taking a number of readings at the same 

operating conditions for the air side as shown in figure (7) at 

air velocity of (3) m/s. The condensate rate measured during 

these test showed a sub-cooling condition by a value of 

(2) °C. However, the data revealed an acceptable consistency 

and can be represented by a straight line as shown in the 

figure. 

 
Figure (7). The Air Cooled Condenser Steam Loading Variation with Entering Air Dry-Bulb Temperature. 
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3.2. Water Cooled Condenser Mode 

In the WCC mode, the increase in cooling water mass flow 

rate causes an increase in both the steam loading and the 

condenser thermal load. The steam condensation rate was 

increased by (2.2, 1.84 and 1.95) times with increasing 

cooling water flow rate from (200) to (1000) l/hr, at water 

inlet temperatures of (15, 19 and 23) °C respectively as 

shown in figure (8). 

Figure (9) shows the variation of the condenser thermal 

load with entering water temperature. It emphasizes that the 

thermal load experienced an increase of (49.4 %), (43.3%) 

and (38.2%) when the entering temperature was (15), (19) 

and (23) °C respectively as water flow rate was increased 

from (200) to (1000) l/hr. It is obvious that the steam loading 

and condenser thermal load increase as the cooling water 

temperature reduces or its flow rate increases. This is mainly 

proportional to the effective temperature driving force and 

augmentation in the overall heat transfer coefficient of the 

condenser. 

 
Figure (8). The Water Cooled Condenser Steam Loading Variation with Cooling Water Flow Rate at Different Entering Temperatures. 

 
Figure (9). The Water Cooled Condenser Thermal Load Variation with Cooling Water Flow Rate at Different Entering Temperatures. 
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3.3. Hybrid System Mode 

The experimental conditions for the hybrid system 

arrangement were constricted upon the summer environment 

nature and water shortage. Therefore, the entering cooling 

water temperature to the shell and tube condenser was 

limited to (30) 
o
C as recommended by Kemal [17] and 

Woodruff [18]. The water flow rate such as (200) l/hr was 

considered as the lowest possible available flow for the 

simulation object as a water shortage condition. The latter 

revealed a low value of Reynolds number at the range of 

(1000) and hence to be in the laminar flow regime where a 

low heat transfer rate is expected. 

A flexible entering air temperature for the air cooled 

condenser was considered in the range (31-42) 
o
C with a 

fixed air flow rate of (1200) cfm. This air flow rate revealed a 

face velocity of (3) m/s which is recommended for the design 

of air cooled heat exchangers. The air velocity is an 

important character in the overall design of such type of heat 

exchangers. It is usually bounded within the range of (1.5) to 

(4) m/s, Tarrad (2010) [6]. It was recommended by Wilber 

and Zammit (2005) [19] that the air face velocity should not 

exceed (3) m/s, for pressure drop consideration. 

Table (2) shows a summary for the test conditions 

conducted for the hybrid system at (30) 
o
C entering 

temperature and (200) l/hr for water side and (1200) cfm air 

flow operating conditions. 

Table (2). Tests Operating Conditions and Load Distribution in the Hybrid System. 

Case No. 
Ta, i 

(oC) 

Tw, i 

(oC) 

  �� ��� 

(kW) 

��
��� 

(kW) 

��
�  

(kW) 
���� ���� 

	� � 

(kg/hr) 

��
��
 

(kW) 

1- 31 30 12.6 4.9 17.5 72% 28% 26.36 16.5 

2- 36.5 30 11.4 5.3 16.7 68% 32% 25 14.3 

3- 38 30 11.6 4.9 16.5 70% 30% 24.9 14 

4- 42 30 10.3 5.3 15.8 65% 35% 22.8 12.3 

 

In this table the thermal load and load percentage were 

calculated from: 

��� = �� � × �ℎ� − ℎ��                        (1) 

��� = �� � × �ℎ� − ℎ��                       (2) 

�� = �� ���

�� �����
                                 (3) 

And similarly 

�� = ��  ��

�� �����
                              (4) 

Here ��!"!#�  is the total load of the hybrid system. The 

condensate flow rate �� ! was measured experimentally as the 

sum of the partial condensate of both condensers in the 

hybrid system arrangement. 

The data showed that a general trend exhibited an increase 

of the total condensation load with reducing of the entering 

air temperature of the air cooled condenser. The load 

revealed by the ACC was higher than that of the WCC 

regardless of the entering air temperature and approached a 

maximum at (31) 
o
C. The same trend was reflected on the 

condensation flow rate of each condenser where it was higher 

for the ACC than that of the WCC as well. 

Figure (10) shows the variation of the partial load 

contribution of both condensers with entering air 

temperature. It is obvious that the ACC load decreases with 

the air temperature rise where it is compensated by the WCC 

mode. The corresponding contribution percentage for the 

water cooled condenser were about (35%) and (28%) at the 

entering air dry-bulb temperature of (42) °C and (31) °C 

respectively. The increase of the water cooled condenser load 

during the high ambient temperature was due to the self-

balancing of the system. Therefore, a hybrid system acts as 

self-control for the steam loading through each condenser as 

the surrounding conditions are altered. The condensate 

loading of both condensers is illustrated in figure (11) as a 

bar chart. 

A test was conducted to show the effect of increasing of 

the cooling water flow rate on the total performance with 

keeping the other operating conditions fixed as that for (200) 

l/hr water flow rate. Figure (12) shows the steam loading 

distribution among the hybrid system condensers for (400) 

l/hr water flow rate. This measure didn’t show a significant 

impact on the whole process as revealed from the bar chart. 
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Figure (10). Thermal Load Contribution of the ACC and WCC in the Hybrid System Arrangement at Water Flow Rate of (200) l/hr. 

 
Figure (11). Steam Load Contribution of the ACC and WCC in the Hybrid System Arrangement at Water Flow Rate of (200) l/hr. 
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Figure (12). Steam Load Contribution of the ACC and WCC in the Hybrid System Arrangement at Water Flow Rate of (400) l/hr. 

4. Conclusions 

The following findings may be withdrawn from the present 

work: 

1. The air cooled condenser can be implemented with a 

great confidence to stand alone for steam condensation 

purpose in winter or cold environment. If it was 

designed properly then will have the capability to 

possess the total unit load. 

2. Increasing of the air flow rate from (1200) cfm to 

(2400) cfm through the heat exchanger improved the 

overall performance of the condenser. It showed an 

increase of (3) and (4) kW at entering air temperature of 

(42) and (21) °C respectively. These values correspond 

to (23%) and (22%) higher than those at (1200) cfm. 

3. The hybrid arrangement performs better at the lowest 

test air temperature (31) °C where the ACC possesses 

about (72%) of the total unit load. It contributed to more 

than 65% of the total unit condensation thermal load at 

the highest test temperature (42) °C. 

4. The air cooled condenser has the ability to self-control 

and acts as a balance mechanism for the possibility of 

excess steam production of the unit to keep the pressure 

of the unit constant. 

5. The severe operating conditions regarding to the 

ambient air temperature and water supply shortage was 

overcome with a great confidence by implementing the 

hybrid system arrangement. 

Nomenclature 

A Area (m
2
) 

D Heat Exchanger Depth (mm) 

Dt Tube Section Width (mm) 

fp Fin Pitch (mm) 

h Fluid Enthalpy (kJ/kg) 

H Heat Exchanger Height (mm) 

Ht Tube Section Height (mm) 

L Length (mm) 

��   Mass Flow Rate (kg/s) 

��   Heat Load (kW) 

t Thickness (mm) 

T Temperature (°C) 

∆%  Temperature Driving Force (°C) 

W Heat Exchanger Width (mm) 

XL Longitudinal Distance to Flow Direction (mm) 

XT Transverse Distance to Flow Direction (mm) 

Subscripts 

a Air 

ACC Air Cooled Condenser 

ACS Air Cooled Condenser Alone 

f Fin 

Face Face or Frontal value 

g Gas State 

i Inlet 

l Liquid State 

t Tube 

total Total value 

w Water 

WCC Water Cooled Condenser 
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